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IIGP - Poster Summary

INSTRUMENTS FOR IMAGE GUIDED PROCEDURES 

The MASTER OF SCIENCE IN MEDICAL SYSTEMS ENGINEERING (http://www.lmt.ovgu.de/
MasterMSE.html) at the Otto-von-Guericke-University in Magdeburg, Germany (www.ovgu.de) is 

an english language program. The current enrolment is very international (> 10 nations) with 

more than 50% coming from non-German language countries. 

While it is very exciting to have such an international student body it also shows huge 

differences in what the students are capable of and what their undergraduate degree prepared 
them for. Some of them have never been exposed to scientific evaluation, to analyse and to 

present scientific data. Besides teaching the technical essentials and attending laboratory 

sessions (total 3 SWS, 5 ECTS) the students had therefore several additional assignments to 

complete to address some of these issues. 

Part of the lecture INSTRUMENTS FOR IMAGE GUIDED PROCEDURES (IIGP) was an individual final 
project that should also teach the students on how to prepare themselves for future scientific 

work, by evaluating current technologies and procedures for a relatively narrowly formulated 

topic in the field of IMAGE GUIDED PROCEDURES.  

This project consisted of a “review” paper with approx. 3.000 - 4.000 words, as well as a poster 

that summarises the findings. The main focus for their analysis was on describing the 
technologies and their limitations with an outlook on future developments. 

The review documents and the posters came from 13 students (5 nations) that had capabilities 

that are very typical for a graduate lecture and seminar class and resemble a standard gauss 

distribution. You will easily recognise the good works and the ones where the students could 

have invested more time and effort in preparing the assignment. The included works have not 
been intensively edited. 

This was the second time that this lecture was given (WS 2015/2016 and WS 2016/2017). The 

summaries and poster presentations provide a great value for the Master students and also for 

the academic staff, and other researchers by giving them a short introduction and overview, as 

well as some of the references for further more depth information. This is the reason why we 
decided to publish the summaries in an Open-Access booklet — this is the first add-on to the 

initial booklet, which was published in January 2016. 

In the coming semesters the assignments below average will be replaced and also many new 

topics from the exciting field of IMAGE GUIDED PROCEDURES will be added. 

Magdeburg, Germany, January 2017 

Michael Friebe, PhD 
Professor of Catheter Technologies and Image Guided Therapies 

Faculty of Electrical and Information Technologies 
Institute for Medical Engineering 

Otto-von-Guericke-University, Magdeburg, Germany 
michael.friebe@ovgu.de 

www.inka-md.de  
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Current neuroaneurysm treatment 
strategies and future developments 
Will we continue the way we do the procedures right now? 

ALAN GUTHRIE  

Faculty of Electrical Engineering and Information Technology, Otto-von-

Guericke-Universität Magdeburg, Germany 

��������

Lurking silently in the intricate vasculature of the brain, aneurysms are a deadly 
threat in modern life. Current strategies to eliminate them before or after they 
rupture are mainly focused on causing thrombosis by injecting platinum coils into 
the inside, constricting them from the outside with titanium clips, or if they aren’t 
amenable to these treatments, cutting off their blood flow and replacing it with a 
link to a different artery. Emerging therapies include replacing coils with liquid 
agents, clipping with endoscopic tools, and diverting blood flow with stents. Non-
surgical approaches are also highly effective, and will become more so. 

KEY WORDS: cerebral aneurysm • neurosurgery • future treatments 

 

N aneurysm is a bulging, blood-
containing deformation of a section 
of a blood vessel wall, which can 

grow and ultimately rupture, resulting in 
hemorrhage. Rupture of aneurysms occurring 
in the vessels which supply blood flow to the 
brain (‘intracranial’ or ‘neuro’aneurysms) 
can lead to bleeding between the brain-
protecting membranes of the arachnoid and 
pia matres, subarachnoid hemorrhage (SAH), 
which is exceptionally dangerous and results 
in death or permanent disability in 60% or 
more of those affected. 

st…………………….. 

Abbreviations used in this paper: SAH: subarachnoid 
hemorrhage; IC: intracranial; EC: extracranial; STA-
MCA: superficial temporal artery to middle cerebral 
artery; PET: positron emission tomography 

For such lethality, neuroaneurysm is 
relatively common; its probability increases 
with age, especially past the thirties, and it is 
found in about 5-6% of bodies examined 
postmortem. Rupture is comparatively 
uncommon, occurring in about 1 in every 
10,000 persons [1].  

From a set of risk factors, including smoking, 
hypertension, and potentially genetics, 
neuroaneurysms are initiated by hemo-
dynamic stress and resultant endothelial 
dysfunction. Growth is thought to occur by a 
process of inflammation, wherein the smooth 
muscle cells and intercellular matrix of the 
vascular wall are attacked and degraded by 
macrophages [2]. Much more rarely, 
aneurysms can be initiated by a head trauma. 
Rupture can occur when the inflammatory 

A
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process develops positive feedback, 
progressively weakening the blood vessel to 
the point where it cannot withstand the 
increased mechanical stress it will experience 
from its reduced wall thickness, even more so 
when the aneurysm reaches a large diameter. 
If growth becomes significant enough 
without rupture, the aneurysm may cause 
neurological symptoms by mass effect, i.e., 
by compression of nearby tissues. 

Intracranial aneurysms are classifiable by 
form, size, and location. They occur mostly 
(~85%) in the anterior of the brain, and alone 
(70-75%) more commonly than multiply [3]. 
Saccular or “berry” aneurysms are the most 
common form, occurring primarily at arterial 
bifurcations. Dissecting aneurysms result 
from a tear in the inner layer of a blood 
vessel, and unlike saccular aneurysms occur 
more frequently in the vertebrobasilar 
system.  Fusiform aneurysms are enlarged, 
twisted vascular sections, which often 
present symptoms from mass effect but rarely 

rupture and cause hemorrhage. Some 
aneurysms, particularly fusiform types, do 
not have a well-defined neck, which 
complicates surgical treatment. 

Surgical treatment can be performed with 
either an endovascular or an open approach. 
The endovascular approach relies on 
provoking the body’s thrombolytic reaction 
to platinum coils dispensed into the interior 
of the aneurysm. The process may be assisted 
or replaced with an injection of embolic 
chemicals. The open surgery approach 
involves placing a clip across the neck of the 
aneurysm to physically constrict blood flow 
to the inside of the aneurysm. If the aneurysm 
is not amenable to coiling or clipping due to 
lack of a well-defined neck or other 
problematic geometry, an alternative 
approach is to reroute blood around it, either 
endovascularly with a flow diverter stent or 
with open bypass surgery. Bypass surgery 
excludes the aneurysm from normal blood 
flow by creating a new flow route, either 
from outside or inside the cranium. 

Prior to rupture, aneurysms may not cause 
any symptoms, especially if they are small. 
They may be discovered incidentally during 
medical imaging related to completely 
different pathologies. At this point, the doctor 
and patient must weigh the risk of the 
untreated aneurysm eventually rupturing 
against the risks of performing surgery. The 
intervention itself can cause hemorrhage, 
with one study observing a rate of 1.37% in 
endovascular coiling and 2.38% in surgical 
clipping amongst voluntarily admitted 
patients with unruptured aneurysms, with a 
total hospital mortality rate of the same 
cohort of 0.57% for coiling and 1.61% for 
clipping [4]. 

Fig. 1. DSA images of A) saccular, B) fusiform, 
and C) dissecting unruptured aneurysms [3]. 
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After the procedure codes for coiling were 
established in 2001, the US market rapidly 
adopted it. By 2010, the 10,000 patients 
recorded in the Nationwide Inpatient Sample 
with surgically treated subarachnoid 
hemorrhage were being treated in roughly 
equal proportion with clipping and coiling. 
This trend was closely mirrored in treatment 
of unruptured aneurysms, although with a 
slight bias towards coiling (see figure 2) [5]. 

 

Current Treatment Strategy  

Open Surgical Clipping  

The result of evolutionary improvement in 
the traditional open-surgical approach is the 
placement of clips across the neck of the 
aneurysm. Gaining access to the surgical site 
requires temporary removal of a section of 
the cranium (craniotomy). With medical 
acceptance of the general superiority of 
minimally-invasive approaches, surgeons 
attempt to incise the smallest possible 
craniotomy in such cranial areas as the 
pterion for aneurysms near the circle of 
Willis, the frontal bone between the 
hemispheres for the anterior cerebral artery, 
or the supraorbital ridge for the terminal 
segment of the internal carotid artery [6]. 

Under the guidance of a microscope, the 
surgeon will then navigate through the 
fissures of the brain to the aneurysm and 
place a clip across its neck. These clips are 
constructed of biocompatible titanium, and 
are available in a variety of shapes to better 
match various types and locations of 
aneurysms���

Prior to clip placement, the brain must be 
relaxed by the drainage of cerebrospinal fluid 
to minimize the surgeon’s need to retract 
surrounding brain tissue to clear a path to the 
working space. Brain retraction, along with 
temporary vessel occlusion and secondary 
hemorrhage, can result complications [10]. 

Fig. 2: Trend in procedural share from 2001-
2010 for unruptured neuroaneurysms [5]. 

Fig. 3. Minimal craniotomies compared to 
traditional pterional craniotomy [7]. 

Fig. 4. Surgical clip placed on saccular aneurysm 
[8], and minimally-invasive placement tool [9]. 
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Depending on whether the aneurysm is 
unruptured or has previously ruptured, these 
complications can include postoperative 
inpatient death (0.7/11.5%), stroke 
(5.3/5.5%), cardiac issues (1.3/1.7%), 
pulmonary embolism (2.0/2.7%), deep vein 
thrombosis (0.6/2.8%), and treatable 
hydrocephalus (1.5/1.7%) [11].�

 

Extracranial-intracranial (EC-IC) 
bypass 

Bypass surgery can be used to open a blood 
supply route from the common carotid, 
external carotid, or superficial temporal 
artery, excluding an aneurysm from blood 
supply altogether without directly 
performing surgery on it. This challenging 
procedure is of use in treating giant 
intracranial artery aneurysms (GIAAs) with a 
diameter greater than 2.5 cm, with 
complicating features such as calcification, 
large neck, or atheroma. These features 
considerably decrease the safety of both 
clipping and coiling. 

The bypass is constructed of a harvested 
segment from vessels such as the great 
saphenous vein which runs the length of the 
leg at a superficial depth, or the radial artery 
which runs along the radial bone in the 
forearm and supplies blood to the hand. The 
bypass vessel must match the diameter of the 
target vessels, limiting the suitability of 
donors. The extracranial artery is exposed 
through a cervical incision, and the 
intracranial artery through craniotomy. A 
tunnel must be bored in the removed skull 
flap to allow passage of the bypass vessel. 
Beginning with the distal end, and with 
injection of pharmaceuticals to control 
clotting time, the bypass site is dissected and 
anastomosis (surgical joining of blood 

vessels) is performed with the bypass vessel. 
Then, the proximal end of the bypassed artery 
is ligated; even with the distal end remaining 
open, the aneurysm will thoroughly 
thrombose. Gobble et al. performed a series 
of 36 EC-IC bypass operations, with a death 
rate of 5.6% (2/36) and that same rate of both 
asymptomatic and symptomatic graft 
occlusion [12]. 

Although EC-IC bypass was a somewhat 
widespread technique in the past, evidence to 
support its efficacy in the prevention of 
stroke has not materialized. Early skepticism 
of the efficacy of EC-IC bypass in preventing 
stroke (bolstered by the results of the STA-
MCA bypass trial in the 1980s) was 
hampered by criticism of patient selection. At 
the time, the state of the art in medical 
imaging was insufficient to select patients 
with impaired cerebral hemodynamics 
resulting from occlusive cerebrovascular 
disease, who would be the most likely to 
benefit from bypass surgery. The 2003-2013 
Carotid Occlusion Surgery Study, COSS, 
used recently developed enhancements in 
PET imaging to detect hemodynamic 
cerebral ischemia through an increase in 
oxygen extraction fraction. Despite definite 
improvement in cerebral hemodynamics, 

Fig. 5: Extracranial-intracranial bypass [12]. 
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bypass only reduced the stroke rate from 
22.7% to 21.0%, a non-significant impr-
ovement. Reasons given for this result 
included a high (15%) perioperative stroke 
rate, and a lower-than-expected stroke rate in 
the non-surgical group [13]. It was thus 
concluded that EC-IC bypass is not indicated 
in the prevention of stroke. 

Endovascular coiling 

The predominance of the endovascular 
approach in treating neuroaneurysm was 
heralded with Dr. Guido Guglielmi’s 
invention of detachable platinum coils in 
1990 [14]. Under the guidance of X-ray 
fluoroscopy, a surgeon inserts a catheter into 
an easily accessible artery (generally the 
femoral) with an introducer sheath, and 
maneuvers it through the circulatory system 
until the aneurysm is reached. Then, a thin, 
coiled platinum wire is dispensed through the 
catheter into the aneurysm, where it partially 
relaxes and fills the aneurysm. The coil can 
be adjusted, and once it is in the correct 
position it is detached from the catheter and 
followed by more coils until the aneurysm is 
sufficiently filled. The presence of a foreign 
body provokes a thrombotic reaction, 
embolizing the aneurysm and preventing 
rupture and/or bleeding. In aneurysms with 
wider necks, a stent can be placed over the 
aneurysm and the coils can be fed through 

gaps in the stent, preventing the coils from 
escaping the body of the aneurysm and 
causing undesirable embolization elsewhere. 

Since its invention, the coiling method has 
generally displaced the clipping method in 
patients who are not unsuitable for coiling for 
clinical or anatomical reasons. However, its 
advantageousness compared to clipping has 
been debated. The turning point came with 
the publishing of the International 
Subarachnoid Aneurysm Trial (ISAT) in 
2002, a study of over a thousand ruptured-
neuroaneurysm patients treated with each 
method. The primary metric was the 
proportion of patients dependent or dead after 
1 year; the absolute endovascular risk 
reduction was 6.9%, a relative reduction of 
22.6% compared with the conventional 
surgery [15]. Mortality was similar between 
the two treatments, but a significantly lower 

Fig. 7. 

Fluoroscopic 
view of a 
saccular 
aneurysm 
being coiled, 
ad. [16]. 

Fig. 6: Endovascular coiling procedure in 
saccular aneurysm [8]. 
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frequency of serious brain damage was 
assessed in the patients treated 
endovascularly. One of the major reasons for 
institutional distrust of the endovascular 
method was a perception of higher likelihood 
of rebleeding after treatment, but the study 
showed that this difference was only 
significant when restricted to a 30-day 
period, and was likely a result of application 
of thrombolytic drugs (which were already 
being replaced by antiplatelet agents in good 
practice) and due to some patients having a 
lethally excessive wait period after failed 
coiling procedures. Beginning one year after 
surgery, only two instances of rebleeding 
were observed in the coiled group, indicating 
statistical equivalence to the clipped group, 
which had no rebleeding. Ongoing 
uncertainty over the long-term stability of 
coil embolism means that surgical clipping 
may still be preferred for younger patients; 
incidentally, this can eliminate the cancer risk 
from fluoroscopic ionizing radiation, to 
which younger patients would be more 
averse. However, given that aneurysm 
prevalence increases significantly with age, 
coiling is still the generally preferred surgery 
in those cases amenable to it. 

Non-surgical therapy 

Failure to treat a ruptured aneurysm with 
surgical means will very likely result in 
death. For unruptured aneurysms not thought 
to be worth the risk of surgery, medical action 
can be taken to reduce the risk of rupture. 
This involves eliminating lifestyle risk 

factors such as smoking, and reducing blood 
pressure to relieve aneurysmal stress. Drugs 
to reduce inflammation and blood pressure 
can also be prescribed. Aspirin has been 
shown to be effective in reducing incidence 
of aneurysm rupture, with an odds ratio of 
0.82 versus no treatment (improving to 0.63 
with 3 or more years of treatment) [17], while 
cholesterol-reducing statins have not [2]. 

 

Emerging Strategies 

Keyhole microsurgery  

As with many other types of surgery, benefits 
may be realized by conversion from open-
craniotomy to minimally-invasive clipping, 
even when conversion to endovascular 
surgery is not realized due to various 
concerns. The instruments used in clipping 
can be engineered into a narrow tubular 
format for insertion through craniotomy 
sections that are much smaller than in 
precedent, and guided by similarly shaped 
microscopes. A 20-year study with 1,000 
patients found that the keyhole approach had 
similar outcomes to open surgery, a slight 
reduction in need for retreatment, and a 
significant reduction in approach-related 
complications (as might be expected when 
the approach craniotomy is made smaller) 
[18]. One noticeable disadvantage is that 
unlike, for instance, the abdominal cavity, the 
cranium cannot be expanded with gas 
injection; only the previously mentioned 
technique of brain relaxation can allow 
expansion of the surgical workspace. This is 
especially problematic because poor 
illumination and coaxial orientation of 
instruments and light sources are noted 
problems. Advanced, detailed planning of the 
surgical approach is therefore fundamental 
for the success of this type of procedure [19]. 

Fig. 8: Non-detached Guglielmi coils before 
insertion into catheter [10]. 
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Intracranial-intracranial (IC-IC) 

bypass 

Despite the lack of benefit seen in stroke 
prevention, bypass is still considered to be a 
legitimate treatment for complex aneurysms 
without favorable endovascular treatment 
options. Evolution in treatment has led to a 
shift in approach: instead of diverting blood 
from outside the cranium, the blood supply 
can also be diverted from inside the cranium.  

This type of surgery is more challenging to 
perform, and increases the number of 
cerebral vessels to be occluded, but shortens 
the required graft length and avoids problems 
related to vessel diameter. Techniques of IC-
IC bypass dissimilar to EC-IC bypass include 
in-situ, where donor and recipient arteries are 
brought in side-to-side contact without a 
separate graft vessel, and reanastomosis, 
where the aneurysm is excised and the 
normal vessel ends are brought together end-
to-end [6]. IC-IC bypass requires a 
craniotomy like EC-IC, but there is no need 
to incise the patient’s neck or route an artery 
through a hole drilled in the cranium. 

Endovascular flow diversion 

Conceptually related to the bypass approach, 
the use of endovascular stents can divert 
blood flow around an aneurysm and induce 
aneurysmal thrombosis without causing 
ischemia. In most cases (79-92%) [20], blood 
flow to the aneurysm does not cease 
immediately. Rather, the stent provides a 
substrate for generation of a new vascular 
wall inner surface, completely occluding the 
aneurysm within 6 months in 69-76% of 
cases and within 1 year in >90%, even in 
wide-necked and giant aneurysms that may 
be impractically risky to treat with coiling or 
clipping [21], [22]. This inherently means 
that permeable stents of the type used (‘flow 
diverters’) are unsuited for ruptured 
aneurysms, as they will not quickly block 
hemorrhage, but also means that they can be 
placed over minor vessels without causing 
occlusion, as there will remain sufficient 
blood flow to prevent neointima formation. 
Stents can also be used in conjunction with 
coils, to hold them in place inside the 
aneurysm and prevent reflux. Despite the 
high cost of stents, and high rates of 
perforator infarction and hemorrhage in the 
middle cerebral artery and posterior 
circulation, flow diverters are expected to 
increasingly but not fully displace bypass 
surgery [6].� 

Fig. 9: In-situ IC-IC bypass from proximal 
segment of posterior cerebral artery (PCA) to 
distal segment of superior cerebellar artery 
(SCA) [20]. 

Fig. 10. Two flow-diverting stent models, 
A: Enterprise, B: VisionTM [23]. 
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Liquid embolization 

The predominant use of Guglielmi 
detachable coils is not entirely without 
problems: coil-induced thromboses may get 
loose and become problematically lodged 
away from the surgical site, the coils 
themselves may escape from the surgical site, 
or particularly fragile aneurysms may be 
ruptured during coiling [24]. Additionally, 
the platinum coils themselves are a somewhat 
expensive material. 

One alternative is the use of liquid agents. 
These agents will frequently be shipped as a 
binary composition, which is mixed during or 
shortly before surgery to activate a 
solidification process. One of the key 
advantages of beginning in a lower-viscosity 
state is the ability to permeate small 
aneurysms, without being ejected back 
through the aneurysm’s neck as might 
happen in coiling. 

Historically, n-butyl cyanoacrylate (n-BCA), 
marketed as TRUFILL by Cordis 
Neurovascular, has been the most widespread 
liquid embolization agent. It is mainly being 
used in conjunction with coils to enable the 
use of fewer coils and smaller guidewires and 
catheters, rather than as the primary focus of 
embolization. When trialled, only one of 
about fifty patients suffered from agent reflux 
and subsequent arterial occlusion and 
cerebral infarction [25]. 

One of the modern front-runners in liquid 
embolization is Onyx, released by Micro 
Therapeutics, Inc., now a part of Medtronic. 
It is composed of EVOH, a copolymer of 
ethylene and vinyl alcohol, which is 
dissolved in dimethyl sulfoxide (DMSO) as 
an inhibiter and includes tantalum powder as 
a fluoroscopy contrast medium. Unlike n-
BCA, Onyx is non-adhesive, allowing for 

longer injection times and mid-surgery 
operational pauses. The agent is also less 
likely to accidentally entrap the delivery 
catheter tip than adhesive liquid embolic 
agents. Unfortunately, the DMSO inhibiter, 
which diffuses away from the aneurysm to 
allow the EVOH to solidify, is somewhat 
neurotoxic and can cause vasospasm and 
necrosis [26]. It is indicated for use in wide-
necked aneurysms that may be problematic to 
clip or coil. 

Calcium alginate gel, ALGEL, is an even 
newer agent, the liquid acid form of which 
polymerizes into a matrix upon the exposure 
of cations. It is a polysaccharide that occurs 
naturally in the cell walls of brown algae. Its 
advantage is that it causes occlusion in a 
purely mechanical fashion, without causing 
thrombosis [26]. 

Non-surgical therapy 

Pharmaceutical advancements, including a 
better understanding of the formation 
mechanism and a better means for selectively 
inhibiting inflammation at the neuro-
aneurysm site, may obviate the need for 
surgery altogether in some cases. 

Given the rupture rate of small, difficult to 
treat aneurysms, and the high rate of 
asymptomatic aneurysms in the population, 
one of the objectives of pharmaceutical 
research is to provide drugs which reduce the 
likelihood of rupture. For example, Shimada 
et al. report that administration of the peptide 
hormone angiotensin-1-7 in mice reduced the 
incidence of rupture of artificially-induced 
aneurysms from 83% to 33% [27]. 
Angiotensin-1-7 plays a role, through 
complex interactions with various receptors, 
in reducing inflammation in the vascular 
wall. The benefit was still seen when the 
vasodilatory/hypotensive effect, which could 
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be expected to reduce rupture rate by 
reducing systemic blood pressure, was 
intentionally inactivated by failing to 
augment levels of a related peptide. 

Assuming that endovascular surgery in some 
form remains the first line of treatment, 
another line of inquiry relates to enhancing 
the natural embolization by chemical or 
biological means. Zhang et al. reported 
therapeutic benefit when bone-marrow 
derived epithelial progenitor cells were 
transplanted into mice with aneurysms that 
had been previously treated by coil 
embolization [28]. They noted that a lack of 
complete re-endothelialization is a factor in 
aneurysm reoccurrence. To guide progenitor 
cells to the correct location, super-
paramagnetic iron oxide nanoparticles were 
used as labels. Having been guided, the 
progenitor cells showed signs of speeding 
reconstruction of the inner vascular wall, 
noted by the ISAT group to be a time-critical 
process, with failure to heal having 
potentially fatal repercussions in the 30-day 
time span. The approach of specifically 
targeting problematic sites with pharma-
ceuticals in order to avoid systemic problems 
is likely to become more widespread as the 
emergent properties of nanostructured 
materials such as nanoparticles and carbon 
nanotubes become more well-understood. 

Lifestyle trends may also have a role to play 
in protecting against aneurysms. As genetic 
screening becomes more commonplace, at-
risk populations will have a more specific 
impetus to take preventative measures, such 
as exercise and salt intake reduction to reduce 
hypertension. Declining smoking rates will 
also be epidemiologically important. 

 

 

Unmet clinical needs 

Despite the invasiveness of the procedure 
compared to endovascular approaches, 
surgical clipping is still widely used. If the 
rebleed rate of coil and/or chemical 
embolization could be reduced to the level 
observed in clipping, or these methods could 
halt bleeding as immediately as clipping, 
surgeons could be more inclined to treat 
patients endovascularly. 

To improve stability of the aneurysmal 
embolism, various coatings can be applied to 
the surface of detachable platinum coils. The 
first commercially available bioactive-coated 
coil, Matrix, used a polyglycolide-
polylactide copolymer coating with the hopes 
of inducing an inflammatory reaction, but 
clinical experience showed a higher rate of 
recanalization compared to bare coils. A later 
product, Hydrocoil, using cross-linked 
acrylamide/sodium acrylate, showed a 
reduction in primary poor outcome 
(measured by aneurysm remnant, recurrence 
and morbidity/mortality) to 28%, compared 
with 36% in the control [10].  

The time required for revascularization after 
placement of a flow diverter is a major 
weakness. As observed in the ISAT, non-
procedural bleeding was over 3 times more 
frequent in the 30-day period after surgery 
than in the next 11 months [15]. The first 
month, in which revascularization may be 
new or incomplete, is therefore a critical 
period for the prevention of rebleeding. 
Making the flow diverter surface more 
conducive to new vessel wall growth, such as 
including pharmaceuticals, surface coatings, 
or even stem cells, could prevent negative 
outcomes in this critical period. 
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Conclusion and outlook 

Endovascular coiling and surgical clipping 
are the most common surgical procedures for 
dealing with neuroaneurysms. Extracranial-
intracranial bypass has mostly been phased 
out, due to its demonstrated ineffectiveness in 
preventing stroke, which is partially due to 
the increased effectiveness of non-surgical 
treatment. 

Since coiling is not always effective, clipping 
must remain in the surgical toolbox, although 
the trend towards minimal invasiveness is 
likely to continue, with robotic assistance 
being introduced and maybe even becoming 
the dominant approach, as has happened with 
prostatectomies. 

Flow diversion will be more and more widely 
used, as its endovascular nature and indirect 
action appeal to the modern surgeon who 
demands a lower complication rate. 

Given that the mnemonic inertia of bypass 
surgery may be the only thing keeping it from 
total extinction, it can be expected that this 
sort of revascularization will at some point be 
supplanted almost entirely, either with one or 
more endovascular procedures (stent-based 
flow diversion seems a likely candidate) or 
by non-surgical means. 

 

It remains to be seen whether liquid-based 
embolization will displace coil embolization 
to any great extent, but it is probable that 
smart drug delivery will enable non-surgical 
therapy to displace neurosurgery under some 
conditions. 

 

References 

1. Caplan LR. Subarachnoid hemorrhage, 

aneurysms, and vascular malformations. 
Caplan's Stroke: A Clinical Approach. 
Cambridge University Press, 2016, pp. 439-
476. 

2. Chalouhi N, Hoh BL, Hasan D. Review of 
cerebral aneurysm formation, growth, and 
rupture. Stroke 44 (12): 3613-22, 2013. 

3. Forsting M, Wanke I (ed). Intracranial 
vascular malformations and aneurysms. 
Berlin/Heidelberg: Springer-Verlag 2006.  

4. Alshekhlee A, Sonal M. Hospital mortality 
and complications of electively clipped or 
coiled unruptured intracranial aneurysm. 
Stroke 41:1471-6, 2010. 

5. Brinjikji W, Lanzino G, et al. Cerebral 
aneurysm treatment is beginning to shift to 
low volume centers. J Neuroint Surg 6:349–
352, 2014. 

Table 1: Comparison of neuroaneurysm treatment options. 

�	�
�����	�

���������&��

	�



CURRENT NEUROANEURYSM TREATMENT STRATEGIES AND FUTURE DEVELOPMENTS                                            

�

6. Davies JM, Lawton MT. Advances in open 
microsurgery for cerebral aneurysms. 
Neurosurgery 74:S7-16, 2014. 

7.�Wong JH, Tymianski R, et al. Minimally 
invasive microsurgery for cerebral 
aneurysms. Stroke 46 (9):2699-706, 2015. 

8. Mayo Clinic. Diseases and Conditions: 
Brain aneurysm. 2015 (www.mayoclinic.org/ 
diseases-conditions/brain-aneurysm/basics/ 
treatment/con-20028457)  
[Accessed 28 December 2016]. 
 
9. Rebstock Instruments GmbH. Aneurysm 
Clip System catalogue. (www.rebstock.de/ 
fileadmin/pdf/Aneurysm_Clips.pdf) 
[Accessed 28 December 2016]. 
 
10. Mehra M, Spilberg G, et al. Intracranial 

Aneurysms: Clinical Assessment and 

Treatment Options. Biomechanics and 
Mechanobiology of Aneurysms. 
Berlin/Heidelberg: Springer-Verlag, 2011, 
pp. 331-372. 

11. Bekelis K, Missios S, et al. Predicting 
inpatient complications from cerebral 
aneurysm clipping: the Nationwide Inpatient 
Sample 2005–2009. J Neurosurg 120 
(3):591-8, 2014. 

12. Gobble RM, Hoang H, et al. Extracranial-
intracranial bypass: resurrection of a nearly 
extinct operation. J Vasc Surg 56 (5): 1303-
7, 2012. 

13. Grubb Jr RL, Powers WJ, et al. Surgical 
results of the carotid occlusion surgery study. 
J Neurosurg 118 (1):25, 2013. 

14. Guglielmi G. Letter to the editor: 
Guglielmi detachable coils. J Neurointervent 
Surg 0 (1), 2014. 

15. Molyneux A, Kerr R, et al. International 
Subarachnoid Aneurysm Trial (ISAT) of 
neurosurgical clipping versus endovascular 
coiling in 2143 patients with ruptured 
intracranial aneurysms: a randomised trial. 
The Lancet 360.9342: 1267-1274, 2002. 

16. Lim YC, Kim BM, et al. Structural 
limitations of currently available 
microcatheters and coils for endovascular 
coiling of very small aneurysms. 
Neuroradiology 50 (5):423-7, 2008. 

17. García-Rodríguez LA, Gaist D, et al. 
Antithrombotic drugs and risk of 
hemorrhagic stroke in the general population. 
Neurology 81:566–74 2013. 

18. Fischer G, Stadie A, et al. The keyhole 
concept in aneurysm surgery: results of the 
past 20 years. Neurosurgery 68:45-51, 2011. 

19. Perneczky A, Kindel S, et al. Keyhole 
Approaches in Neurosurgery: Volume 1: 
Concept and Surgical Technique. New York: 
Springer Science & Business Media, 2009. 

20. Rodríguez-Hernández A, Huang C, 
Lawton MT. Superior cerebellar artery–
posterior cerebral artery bypass: in situ 
bypass for posterior cerebral artery 
revascularization: Technical note. J 
Neurosurg 118 (5):1053-7, 2013. 

21. D'Urso PI, Lanzino G, et al. Flow 
diversion for intracranial aneurysms a 
review. Stroke 42 (8):2363-8, 2011. 

22. Brinjikji W, Murad MH, et al. 
Endovascular treatment of intracranial 
aneurysms with flow diverters: a meta-
analysis. Stroke 44 (2):442-7, 2013. 

23. Tremmel M, Xiang J, et al. Alteration of 
intraaneurysmal hemodynamics for flow 
diversion using enterprise and vision stents. 
World Neurosurgery 74 (2):306-15, 2010. 

	�



CURRENT NEUROANEURYSM TREATMENT STRATEGIES AND FUTURE DEVELOPMENTS                                            

�

24. Standhardt H, Boecher-Schwarz H, et al. 
Endovascular treatment of unruptured 
intracranial aneurysms with Guglielmi 
detachable coils: short- and long-term results 
of a single-centre series. Stroke 39 (3):899-
904, 2008. 

25. Tomsick A et al. N-butyl cyanoacrylate 
embolization of cerebral arteriovenous 
malformations: results of a prospective, 
randomized, multi-center trial. Am J 
Neurorad 23 (5):748-55, 2002. 

26. Vaidya S, Tozer KR, Chen J. An 
overview of embolic agents. InSeminars in 
Interventional Radiology 25 (03): 204-215, 
2008.  

27. Shimada K, Furukawa H, et al. 
Angiotensin-(1-7) protects against the 
development of aneurysmal subarachnoid 
hemorrhage in mice. J Cereb Blood Flow 
Metab 35 (7):1163-8, 2015. 

28. Zhang S, An Q, et al. Therapeutic benefit 
of bone marrow–derived endothelial 
progenitor cell transplantation after 
experimental aneurysm embolization with 
coil in rats. PloS One 9 (2):e90069, 2014. 

 

 

	�



��������	
������	��
�����������������������������

�������������������������

������
�		
��
�����������������	��
�������������
���� 
!�"#$%&�'(%#)����������&����*�����
+++�����*������,,�����-
��������,,��."(�'(#�)/�0/%$"�

��1�2��3�*���2��&32��	�
�	��4��������
�*�	�
�5��4
2
���6���2	�&��		
��
�����������������	�����������&�3����2���1�2����*���2�-�	�
�������

7���������

�	�
���	�
�

��	��*�	��

385����7���
���9�����:�����
+������2�	�
�;76��:��<�=�

8
�2���
�

��+��>>2���	�
���?��>�@��	���5�*
��5���	*�	�

• 32��	�
>
��	�
�;3�=��+4������22�����!>
����	
�����������	2���	�����2��	�������2����
������������	�����	�
&�2
��2������	����	4����22�
*�*����� �>>���� ��� ���
*�� >��*���2�� 	
� �*>��*���2�� *
2���2���� 54��� >4�����2� *�	4
�� ���2��� ��2������ 
�� �*>��*���2��
�����&�*���
*
2���2���������	���*�	����2��	
�	4����22����������2�	���	
�	4���������	���*�*������
2	������

• 32��	�
�4�*
	4���>��;385=����3�������&�2
��2����
�	4��*�2�	�*
����2�	�
�*
��2�	����	��
*�����	4����*���	��	�
�
����
>

�2�� >��*��	� ��	
	
!��� ����� +�	4� 	4�� 2
��2� �>>2���	�
� 
�� �2��	���� >�2���� 	4�	� ������ ��������2�� 3�&� 	4��� �*>�
���� �����
�������
� �	
� ��22��� �	� ��� >���
�*��� ����� ��	4��� �	��	�*
��2� 
�� �	����
��� ��	
	
!��� ���	�� �A��	�
&� �
22
+��� ��� 	4��
�>>2���	�
�
���2��	����>�2����2
��22����2�������	
�	4��	����	�	�*
���������	��2����	��
���2��	�
�����

• 385�4��������������	4��	���	*�	�
�������	��
���2���
��&���	��
������
���	��
���*�	��	����� &����>��*����	�*
���
��
*�	�*
������>���	�
��4��	
2
����

�����>2���
#� ��*����� 
�>��*��	� 
�� >

�2�� >��*��	� ��	
	
!��� ����� �A��	�
��  2�
*���� ;�	��	�*
��2� 
�� ���	�*��=� 
�� � 8��>2�	��

;�	��	�*
��2=��
$� #�	
�$%��4
�	�����	��� �2��	����>�2�����>>2���	�
&#%%��� 2%%%�B&�2��	��#%%μs,�#� ��0%%%�D1���#�	
�#%�*��	�����	����	��	�*
��2�

�A��	�
�&���E 	
�$E�*��	�����	������	�*����A��	�
���
'� 7�2
��	�
� 
�� �4������ 
� 	4�� ��22� *�*����&�+4��4� ������� 	4�� ���2��>� 
�� 	���*�*����� �
2	����� � ��	��� �� ���	��� �
2	���&� ��

��������	2���	�
���2��	�������2��	4�
��4�	4��*�*����������	��2��4����54���2�����	
���>�������	�
�
��>
���+�	4������+����
���
	
�������2�*��	���+4��4��22
+��>�������
��������

"� ��*����������2�&�����	������ ������!��	��	����	
	
!���	���

5+
�	�*
��
��2���
�������	��4��	�+�22�����������	���	������385�

 ������
��>	�
��385�������	����A��	�
����������
����	4��
��22�F�����
�*�	�
�
��>
������	���>�2�����2�����&�������	����	4��
��22�F����*�*����������2��&�������	��>>���������	4����22�F� 5�*��

?�����A��	�
�

��2�����2������ 8�22������2��

�� ����

#��32��	����2�>�2��������	
����
$��32��	�
������

�
• ���!�*>2���
• 54�� Cliniporator™� ;��3�&�

8��>�&��	�2�=��
#� ���
�
2����	��
$� ��>
+�����>>2����	���
'� �� �>>2���	
�� ;�2��	�
����

+4��4� ���� �*��� >2�	�� ��
���2���2��	�
���=��

The electric pulse delivery unit Cliniporator™� �2�	���2��	�
�������D�!��
�2����2���2��	�
����

• 84�22������
#� 5�������
���	���	����	��*��	�
���
$� 8
���	���	���4���������	
�3����
'� 54���4
2����	��*��	�
��
��3��;��������2�&�����������2�=��
"� ������	�
�
��>�2���>���*�	����;����	�
�����*����
��

>�2���=���
0� �������������
���	����
����	���	*�	�>2��;���������
��

>
��	�
���
���2��	�
���=��
)� 8
�	���

5���	*�	�'�?�>2�����
�������	��	�
���������	�
�;�=�������	�
�+��������	
�������	�2��
�������	4��>2���������	���>
�	����������	�
�
���2��	�
����; =��
��	�
���
�������	�
����	�*�

���2���������	����2���2��	�
���;8=����	4�����2�>
��	�
���
���22���������2���2��	�
����;?=��

• 7�9����*�	��
#� D��4����22�������!>�������������
���
$� �
���������	��*�	���
'� 5���	*�	� >2���� +�	4� ������	��� �
�	+���� 	
� �����	��

electrodes’� >
��	�
��� ��� 	4�� ��9������ 3�� >�2���
�
��	�
���

"� �	��
>���	���� �*���� ;!����&� �2	���
��&� 85� � ��� �7�
�*����=��

0� @��4�
�1�	�
�
��	4��>�2�����2�����	
�	4��4���	����
2�	��
������	
�� >���
���
��*�	��	����������
*���

��1�2� 3�*���2� &32��	�
�	��4��������
�*�	�
�5��4
2
���6���2	�&��		
��
� ��������� �������	�����������&�3����2� �1�2����*���2�-�	�
������

32��	�
�4�*
	4���>��–�<4�	�����	I�<4�	�����	�������
�I�<4�	���������I�<4�	������2	���	���������>>�
��4��I���
<4�	������	
�����
��	
�*�����	��>>2����2���
��
	4����>>2���	�
�I�

385��>>2���	�
���	4����	����

@�*�2�	�����	��2������	�����	����
��76����*

>
2���;2��	=������>
2���;���4	=�*
����

D��	���>�		�����
�����	���!��2��<���	���

#� 5�*>���	����
• 76��� 54��*�2� 	�*
�� ��2�	�
� +�	4� 2
+� �	��	�*
��2�

	�*>���	����;��	+���)%� �	
�#%%� =���
• �<��� 54��*�2� 	�*
�� ��2�	�
� +�	4� 4��4� �	��	�*
��2�

	�*>���	����;#0%� =���
• 385�� �� 
�	4��*�2� �>>�
��4� �
�� 	���	*�	� 
�� 	�*
��� ;*���

����	����
��385�=��
�

$� 6��9����������
• 76��������*����9������2	���	��������	�;'0%���0%%��D1=��
• �<���(%%���$"0%��D1��
• 385��#���0%%%�D1�

'� 5���	*�	������
• 76������<������2��	�*
������	���2�
�����2����

2����&��
�&��	���
• 385�����2����	��
�����������	��
���	�*
����

�
"� 5�*��
• �
��� 	�*�� 	
� >���
�*� 385� �� 	4�� ����� 
�� ���>����	���

	�*
���;��������
��	4����9����*�	�
��*�2	�>2�����2���
>2���*�	=���

• 385�����2
>*�	��
������������>����	���	�*
��	���	*�	��
�

• 385��
*���	�
�+�	4�
	4���	���	*�	�*
��2�	������
#� �����385����
���	4����������	
��
+��1��	4��	�*
���
$� �����385���	���	4����������	
�	���	���*�����*�����
'� ����� 385� +�	4� 
	4��� 3�������� *�	4
��� 2����

�**�
*
��2�	
��������	�;�**�
�����2��	�
	������=�	
�
�����������	�*����	�	�*
�������	��������
�

• ����� 385� 	
� 	���	� 
	4��� � ��������� �� 	4�� ����� 
�� �����
��2������

7�	���	��2��������2��	�
������=�7�������
��	4���2��	�
�������22����	���	����	�	��� =�32��	�
�������22���
�!	������	�	���7��
**������
2	�������#%%%�B��
��	4����22���!	������2��	�
�����

#�E�**��2��	�
����+�	4�	�
����	�>�������
�����22����	
��
���@4
+�+�	4����
��*
��2. 

��  �

385����
+��	�	4���	����
��>�22��	�������
	�����	����	���	*�	���*
�	������	�
�&�
����	4�������
	4���	���	*�	��4�������2�����	�����������	����	���	*�	�
��	�*
��2���
��2
��	�����	4������
�������	��
���	�����&��
	4�>��*�������*�	��	�	��&�������2����
��	4��4��	
2
����2�
	�>��
��	4��	�*
��
��>����
���	���	*�	����	�4����2�
 �4
+��	�������	���������	4�������
� 	���	������>����	���	�*
������	4��
	4���4��&�385�
�������
�������2������	����&�2�����4
�	�	�*��4
�>�	�2�1�	�
&���>��	���������2�385����2���+�	4
�	�>���2�����
	4���	�>���
��
	���	*�	&��

���
�	J�����	���	�
����
�����
��������������	��
���������	
!���	���D
+����&���������
��
��2	��
��	4���*�	4
�&�*
����������4��������	���	�
�����������	
�����2
>�385��

85��*��������
���;�&� =������	���;8&�?=�385 

��>�
	
	�>��
��	4���+�������2��	�
���

#� @������&����2������?&�8�*�1����&�7��
2��K&�����4����&�@
A����32��	�
�4�*
	4���>����	���	*�	�
��	�*
�����3��
>���L
���2�
��@������2���
2
���;3L@�=��$%%E�6���$(F'";$=�$'$�"%��
$� 8��
����7&�7
�4�		���&�8��
�������M
��22���4������4�*
	4���>������2��	�
>
��	�
���2����2��!>�����������>���>��	����
������
���2��	�
�4�*
	4���>���6�	������
2
����$%#"��>�F#%;0=�E//�(%��
'� ���2������?&�?���2
��7B��32��	�
�4�*
	4���>��;385=��������������2���2��	�
>
��	�
�;�73=���������	��4�9�����
��	���	������>����	���	�*
���������
��2��	�
>
��	�
�� �
*�����2����������
2����$%#0�����$/F#";'=�#��
"� ��
��2A��&��
�� &�8�*�1����&���������L&������2A��&� 
�A����&�B������� &�@	�
A���&����2������?&�@��������8
�>2���	���	*�	�>2����+�	4������	�
����	�*�����+�	��4
2
����2��>>�
��4���	���	*�	�
��4�����������	�*
�������2��	�
�4�*
	4���>���

 �
*�����2����������
2����$%#0�����$/F#";'=�#��
0� ��2�� &��
�A�>�B&�3�4�*
�����&� ����2A�3&�8�*�1����&�@������&�@	��1����� &����2������?&�L��*�5��32��	�
�4�*
	4���>��
���
2
���	�2�2�����*�	��	�������
������	�
�2��	����
���	�������	��
�	4���2��	�
�����
���*�� �
*�����2����������
2����$%#0�����$/F#";'=�#��



�

Electrochemotherapy – What is it? What is it used for? What is 

needed? What are alternative IGP approaches? What needs to be 

done to make it applicable for other applications? 
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Abstract 

Electroporation-based cancer treatment approaches are undergoing intensive research in the 

field of drug delivery. Their first biomedical application in the treatment of cancer came in the 

form of electrochemotherapy (ECT). ECT is a local treatment of cancer which combines the use 

of a medical device with pharmaceutical agents to obtain local tumor control in solid cancers. 

Several new clinical studies proposed ECT as a new and complementary therapeutic option for 

controlling cutaneous and subcutaneous metastases. On the other hand, it is also becoming a 

practical method for treatment of internal, deep-seated tumors and tissues. A review on this 

new method, needed instruments, alternative Image Guided Procedures (IGP) approaches and 

future perspectives and recommendations are discussed in this paper.  
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Abbreviations: 
EP: Electroporation, ECT: Electrochemotherapy, IGP: Image Guided Procedures, INSPECT: 
International Network for Sharing Practice in Electrochemotherapy, GIDO: Gruppo Italiano 
Dermatologico Oncologico, SOP: Standard Operating Procedures (SOP), ESOPE:  European Standard 
Operating Procedures for ECT, Rev: Reversible, Irrev: Irreversible, CT: Computed Tomography, 
MRI: Magnetic Resonance Imaging, PET: Positron Emission Tomography, PEMF: Pulsed 
Electromagnetic Field, RFA: Radiofrequency Ablation, MWA: Microwave Ablation, EM: 
Electromagnetic. 
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1. Introduction  
When a tissue is exposed to a sufficiently large 
electric field for an adequate duration, due to 
its geometrical and material properties, 
transmembrane voltage is induced across the 
cell plasma membrane. Then the local defects 
in the cell membrane appear and become 
permeable to agents that otherwise cannot pass 
through it. This phenomenon is commonly 
known as electroporation (EP) [1, 2].  
There are two types of EP: reversible and 
irreversible. The duration of the pulses and 
electric field intensity determine whether the 
structural changes in the cell membrane are 
irreversible, leading to cell death, due to the 
loss of homeostasis, or reversible, allowing 
cells to survive [3].  

The universal effectiveness of EP has made it 
a popular technique for loading cells with 
substances that are otherwise not possible or 
difficult to transfer into the cells. In this 
regard, EP-based technology for biomedical 
applications starts to grow and go through 
investigations in the field of drug delivery and 
gene therapy, like gene electrotransfection, 
non-thermal irreversible electroporation and 
electrochemotherapy (ECT) [2, 4, 5, 6, 7].  
The effectiveness of these kinds of therapies 
depends on two factors: First, the electrical 
characteristics such as amplitude and duration 
of electric pulses, number of pulses and 
repetition, as well as type of electrodes which 
are used. Second, cell and tissues 
characteristics, like shape, size, and 
cytoskeleton structure and membrane 
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composition, that want to perform the EP on it 
[5, 8]. 
ECT is a local and non-thermal tumor ablation 
modality, which combines the administration 
of a poorly permeant cytotoxic agent with the 
local application of electric pulses that induce 
reversible EP, thus improving drug diffusion 
into cells [9, 10, 11, 12]. Through this method, 
the efficacy of chemotherapeutic medications 
increases by the use of electrical pulses which 
provides good local tumor control [13, 14].  
The underlying chemical and physical 
processes associated with the effect of large 
electric fields to cells in tissue are still not 
fully explained. However, the predictions of 
theoretical models and the results of 
experimental studies show that the application 
of an appropriate electric field to the tumor 
leads to the transient opening of aqueous pores 
on the cell membrane which allows the 
passage of drugs, genes, or molecular probes 
[15].  
ECT effectiveness has been approved in a 
large variety of tumors. In this regard, the first 
clinical study was published in 1991 on head 
and neck tumor nodules. It has been used in 
the treatment of subcutaneous and cutaneous 
lesions and metastases from tumors 
independent of histology. Now it is applied for 
treating melanomas, sarcomas, and other types 
of skin cancer, cervix leiomyosarcoma and 
breast cancer. Figure 1 shows a result of an 
actual treatment using ECT. This technique 
can improve the quality of patient’s life as a 
palliative procedure, when all other treatment 
modalities have failed or proved insufficient 
[2, 9, 11, 14]. Furthermore, its development is 
focused onto treatment of bigger as well as 
deep-seated tumors; in internal organs or at 
least 1 cm below the skin. Figure 2 shows the 
potential application of ECT [10].  
In ECT development, a close collaboration, 
experience and knowledge exchange among 
experts in the fields of oncology, biology, 
biophysics, physical chemistry and electrical, 
biomedical engineering and informatics is 
needed [8]. Nowadays, this modality is 
available at some European centers for the 
treatment of patients with cutaneous 
metastases from various tumor histotypes. It 
was estimated that in the year 2011 about 2000 
patients will be treated by ECT. In Europe 
exist also two patient’s databases; the 
International Network for Sharing Practice in 
ECT (INSPECT) database and Italian 

Melanoma Group and Gruppo Italiano 
Dermatologico Oncologico (GIDO) [11, 16]. 
Following a review of ECT procedure in the 
terms of practical implementation and 
technical requirements, new application of 
ECT, alternative Image Guided Procedure 
(IGP) approaches and what needs to be done 
for further application in the future are 
discussed. 

 

Figure 1. Melanoma treatment with ECT. 

 

2. Practical Implementation and Technical 

Requirements 
 

2.1. Principles and treatment Procedure  
ECT is a procedure that combines a membrane 
non-permeant or poorly permeant cytotoxic 
drug having an intracellular target with the use 
of short and intense electric pulses which are 
causing increased membrane permeability [9, 
11]. It is performed using either intratumoral 
or intravenous cytotoxic drugs injection, 
followed by the application of electric pulses 
locally delivered to the target tumor via 
suitable sets of electrodes. Upon the 
application of external electric pulses to cells, 
the electric field causes relocation of charges 
on the cell membrane. This causes the buildup 
of transmembrane voltage (termed induced 
transmembrane voltage, which is 
superimposed to the cells’ normal resting 
transmembrane voltage or resting membrane 
potential). The increase in transmembrane 
voltage follows Schwann’s equation, and in 
areas, where transmembrane voltage exceeds a 
certain voltage, a sufficiently strong electric 
field through the membrane is established [5, 
17]. 
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Figure 2. Potential application of ECT for tumor treatment 

 

This leads to pore formation which allows the 
passage of water, charged molecules, as well 
as larger molecules. They are created rapidly 
and disappear within a few seconds to several 
minutes after exposure to the electric field. 
Although these pores are too small and short-
lived to be observed using conventional or 
electron microscopy, indirect evidence 
supporting their existence comes from 
simulations of lipid bilayers using molecular 
dynamics simulations. Cellular membranes 
can remain permeable, for large and charged 
molecules, for minutes after the external 
electric field delivery stops. The mechanism of 
membrane resealing or repair requires active 
cellular mechanisms and therefore also energy. 
So, a possible explanation of the relatively 
long term permeability of cell membranes is 
chemical alteration of membrane lipids [5, 18]. 

The basic principles for effective treatment 
with ECT are: First, the pharmacological peak 
of the injected cytotoxic drug reaches the 
tumor at the time of application of short and 
intense electric pulses (the range between 
reversible and irreversible 
electropermeabilization threshold values). 
Second, the entire tumor mass is sufficiently 
covered by the electric field (Figure 3) [2, 9, 
11, 17]. On the other hand, the application of 
electric pulses to tissues causes a transient but 
reversible reduction of blood flow. The 80% 
decline in tumor blood flow immediately after 
the application of electric pulses induces drug 
entrapment in the tissue for several hours, 
providing more time for the drug to act. Tumor 
blood flow returns to normal in tumors within 
24 hour after the application of electric pulses; 
whereas in normal tissue the restoration is 
faster, within several hours [2]. 

Electrochemotherapy�

Primary 
tumors�

Non-cutaneous 
metastasis�

Cutaneous 
metastasis 

Head and neck 

Breast cancer 

Melanoma and NMSC 

Brain 

Soft tissue sarcomas 

Liver 

Bone 

Colon-rectum 

Pancreas 

Ovary 

Breast 

�	



�

 

Figure 3. Principle of ECT 

In addition, the used chemotherapeutic agents 
clinically, predominantly affect actively 
dividing cancer cells and to a lesser extent the 
largely non-dividing population of normal 
cells in the surrounding tissue [4]. 
Although ECT efficacy both in human and 
veterinary oncology was well demonstrated, 
differences among treatment protocols, the 
lack of defined operating procedures and the 
use of different pulse generators prevented the 
widespread adoption of ECT in the clinical 
setting for a while [5, 18]. Therefore, there 
was a critical need to have extremely accurate 
procedures for either systemic or local 
cytotoxic drug delivery, followed by the 
application of electric pulses, and also for each 
specific clinical condition [2]. In this regard, 
Standard Operating Procedures (SOP) have 
been developed and validated by the European 
Standard Operating Procedures for ECT 
(ESOPE) study. This reference describes with 
precision the timing, dosage, and value of the 
electric field, as well as the evaluation of the 
treatment response for various diseases [5, 14, 
19]. The SOP decision tree is to help clinical 
staff to make decisions to treat the patient, 
based on the size, number and thickness/ depth 
of nodules to be treated. ECT procedure can be 
performed in 30 minutes both in local or 
general anesthesia, which should be decided 
by the treating surgeon, but few and smaller 
nodules are recommended to be treated in 

local, while others in general anesthesia [5, 
18]. 
 
2.2. Instruments 
ECT is performed with the help of electrical 
pulse generator and different types of 
electrodes. Following these instruments are 
explained in detail: 
 
2.2.1. Electric Pulse Generator 

EP of cells is predominantly induced by pulsed 
electric fields, which are generated with the 
train of square wave electric pulses of 
sufficient amplitude establishing local electric 
field (hundreds of V/cm) [3]. 
An electric pulse generator generates various 
amplitude of electric pulse and then applies it 
to the tumor cells with the help of electrodes, 
in order to let EP phenomenon happens [5, 
19]. In clinical settings, short and intense 
electric pulses, as well as monopolar and 
direct current are used. Also, in order to 
predict electric field distribution in biological 
tissues, numerical modeling is currently the 
only efficient way, as these are characterized 
by inherently nonlinear, non-homogeneous, 
and in some cases, anisotropic dielectric 
properties [4, 5]. 
Base on SOP of ECT, the emitted impulse 
lasts 100μs. The number of impulses varies 
between 1 to 20 and their amplitude between 
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100–1000 volts. Also, the frequency used is 
between 1–5000 Hz [2, 20]. 
 

2.2.2. Types of electrode 

Different sets of electrodes for different 
nodule with different depth, size, and shape 
are available, which are named plate and 
needle electrodes. Different electrode 
configurations enable sufficient electric field 
coverage of the whole tumor mass in order to 
permeabilize as many as possible cells within 
the tumors . Figure 4 illustrates different types 
of electrodes [11, 20]. 
Plate electrodes are applied for the treatment 
of superficial or skin lesions. The depth of 
permeation of the effective electric field is 
somewhat small, and it depends on the 
distance between the electrodes: the greater 
the distance, the deeper the penetration of the 
electric field into the tissue, given that a larger 
voltage needs to be applied between both 
electrodes [2].   
Needle electrodes are of two kinds: needles are 
positioned either in two parallel rows 
(perpendicular array) or in a circular 
(hexagonal) array. In contrast to plate 
electrodes, needle electrodes should be placed 
in throughout the tumor tissue up to the deep 
tumor border (up to 3 cm deep). Hexagonal 
configuration needle electrodes are used in the 
treatment of larger tumors, while linear 
configuration needle electrodes are used in 
treatment of small nodules [2, 5]. 
One important point is that regardless of type 
of the electrode, the electric field is highest 
around the electrode and between the 
electrodes, but becomes less very rapidly 
outside the electrode array (Figure 4). 
Therefore, the whole tumor can be treated in 
an efficient manner by moving and placing 
electrodes nearby for each sequential electric 
pulse application, if the tumor is larger than 
the distance between the electrodes. Because 
of the structural heterogeneity of tissues which 
is including tumors, the electric field that 
should be set in tumors for the 
permeabilisation of cells is hard to determine. 
Thus, it is important to apply the suggested 
pulse amplitude for different types of 
electrodes. This information is provided by the 
manufacturers of clinical electroporators [2, 
16]. 

 

Figure 4. Electric field distribution in and 
around the tumor tissue during the application 
of electric pulses for plate (left) and hexagonal 
needle electrodes. The distribution is indicated 

with the rainbow color scale.  
 

 
2.2.3. An Example 

The Cliniporator™ (IGEA, Carpi, Italy) is 
introduced by (ESOPE) study to perform ECT 
in clinical practice. This device is exclusively 
employed in European Union. Cliniporator™ 
consists of a console unit, a power supply unit 
for supplying the current and an applicator 
(needles) for placement on the skin. This 
device is computer controlled. Additionally, 
this is the only device that offers the control of 
the pulses delivered on a screen, just after the 
delivery of the pulses. Therefore, the 
effectiveness of each individual EP can be 
observed on the monitor to prevent excess 
current for patient safety. The scheme of this 
device is illustrated in figure 5 and 6 [11, 18, 
20]. 

 

Figure 5. The electric pulse delivery unit 
Cliniporator™ 
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Figure 6. A: Linear needle electrodes. B: 

Hexagonal needle electrodes. C: Plate 
electrodes.  D: Finger electrodes with 

perpendicular needles. E: Finger electrodes 
with axial needles. 

 
 
2.3. Cytotoxic Agents 
Suitable candidates for ECT are limited to 
those drugs that are hydrophilic and have lack 
transport systems in the membrane [2]. Hence, 
several chemotherapeutic drugs were tested on 
cells for potential application in combination 
with EP; these include daunorubicin, 
doxorubicin, etoposide, paclitaxel, etoposide, 
actinomycin D, Adriamycin, mitomycin C, 5-
fluorouracil, vinblastine, vincristine, 
gemcitabine, cyclophosphamide, carboplatin, 
cisplatin and bleomycin. However, between all 
candidates only two of these drugs have been 
identified to date for ECT of cancer patients: 
bleomycin and cisplatin [2, 20]. 
Bleomycin can be delivered intravenously 
(15,000 IU/  in a bolus in 30–60 s) or 
locally through intratumoral injection. 
Intratumoral bleomycin should be 
administered in the form of solution (1000 
IU/ml), in a dose of 1000 IU/  in lesions < 
0.5 , 500 IU/  in lesions ≥ 0.5  and 
≤ 1 , and 250 IU/  in lesions > 1 .  

Cisplatin (2 mg/ml) is only administered 
intratumoral. The dose of cisplatin also 
depends on the size of neoplastic lesions. 
Lesions larger than 1  should be treated 
with a dose of 0.5 mg/ , those ≥ 0.5  
and ≤ 1  should be treated with a dose of 1 
mg/ , and for tumors smaller than 0.5 , 
a dose of 2 mg/  should be applied [5]. 
When the drug is administrated systemically, 
electric pulses should be delivered to the 
tumor site during the pharmacokinetic peak, 
which was reported to be between 8 and 28 
minutes in humans; for intratumoral 
application, however, the pulses need to be 
delivered from 1 min to 10 min after drug 
injection [2, 11].  

3. Advantage and Disadvantage of ECT 

3.1. Advantages 
Recent studies have evaluated the 
effectiveness of several ablative skin-directed 
therapies and clearly showed the same, or even 
superior, effectiveness of ECT over 
photodynamic therapy, radiotherapy, 
intralesional therapy, and topical therapy. This 
method is suitable for patients with severe co-
morbidity and/or patients of an advanced age 
who have already exhausted all other 
treatments. On the whole, the quality of life of 
patients is improved by this procedure. The 
procedure is associated with a short hospital 
stay. The side effects are minor and most 
patients do not require analgesics. In most 
cases, there is only a temporary reddening of 
the skin and the injection sites of the 
electrodes. Furthermore, in contrast to 
radiotherapy, repeatability is possible in the 
case of this method. Also, the favorable cost-
benefit ratio makes this method interesting 
[16, 20]. 
�

3.2. Disadvantages 
In the case of using general anesthesia, the 
procedure is associated with common 
anesthesia-related risks. The use of 
intravenous bleomycin can develop pulmonary 
fibrosis, particularly as this treatment is 
administered to patients who have previously 
received radiation therapy and who are old. 
The electrode used during ECT is a disposable 
instrument which is not particularly 
inexpensive. Due to increased tumor 
decomposition in the case of extensive ECT in 
particular, the formation of large ulcers is 
possible. As the use of ECT is palliative and 
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not curative, it is possible that the treatment 
will have to be repeated, when the metastases 
become progressive over time. Also, in earlier 
studies ECT was not recommended in patients 
with cardiac pacemakers and patients on 
anticoagulant therapy for safety reasons [2, 
20]. 
 

4. New Applications of ECT 

New studies in two past years tried to add new 
characteristics to ECT, in order to make it 
more effective rather than the conventional 
form for different cancer treatments. Here, 
short review of these studies is provided: 

4.1. Large Tumors 
In 2014 the prototype of a new grid electrode 
was proposed, which is suitable for treating 
large, tumor-infiltrated skin surfaces as in 
breast cancer patients with chest wall 
metastases after mastectomy. According to the 
tests in different in vitro models, this new 
device allows applying the voltage pulses 
more quickly and homogeneously in 
comparison with standard pulse applicators. 
Also, it can be easily connected to an existing 
and widely adopted electric pulse generator 
(figure 7). Furthermore, this new grid 
electrode showed an improvement in ECT 
application [15]. 
 

 

Figure 7. A prototype of the new grid 
electrode 

 
4.2. Deep-seated Tumors 
Recently many researches have been focused 
on treating non-superficial tumors using ECT, 
like liver and bone metastasis, to treat them 
with the help of minimally invasive 
procedures. The main point is that in these 
situations, procedures are become more 
complex. In a comprehensive review of 
advanced techniques for treating deep-seated 
tumors based on EP in 2015, the current 
challenges in performing these treatments for 

these types of tumors were named as 
following:  
Tissue conductivity determination (necrotic 
regions, vasculature, micro-heterogeneities); 
conductivity changes due to EP (amount and 
dynamics); threshold determination for EP 
(reversible, irreversible) also as a function of 
pulse parameters (duration and number of 
pulses); and the accuracy needed for treatment 
planning, positioning of electrodes, which 
consequently dictates also accuracy and 
robustness of a treatment plan. Hence, it was 
mentioned that a holistic analysis of imaging, 
treatment planning, and clinical feedback can 
make this technology platform available for 
widespread use by clinicians and provide the 
best outcome and benefit for the patient [1].  
In another study in 2014 clinical experiments 
and perspective of use of ECT was 
investigated. The following aspects were 
explained as important points for non-
superficial metastasis: 
1. Treatment needs to be carefully planned 
with dedicated software that indicates where to 
position electrodes and the required EP pulse 
conditions. 
2. Correct spatial positioning of electrodes, 
usually individual long needles, requires skill 
and the support of intraoperative imaging: x-
ray, ultrasound or CT (Computed 
Tomography) imaging. 
3.� In monitoring the effect of ECT for deep 
seated metastases, the use of imaging is 
mandatory. Nevertheless, the healing process 
is different from thermal ablation technologies 
inducing tissue necrosis, thus image 
interpretation and time interval for repeated 
examinations need to be that they are 
performed using CT, MRI (Magnetic 
Resonance Imaging) or CT/PET (Positron 
Emission Tomography).    
4. The treatment of metastases localized to the 
abdomen requires synchronizing the pulse 
deliver to the heart absolute refractory period 
to avoid interference with the heart electrical 
activity [5]. 
In order to help locating the electrode 
precisely, a new technological approach in 
2015 was introduced in treatment of deep-
seated head and neck tumors by ECT with the 
help of both treatment planning and navigation 
system. Long single needle electrodes were 
used to perform the procedure and also a 
treatment plan, which provided the 
information on the optimal configuration of 
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the electrodes to adequately cover the tumor 
with electric field (figure 8). The results 
showed that the navigation system helped the 
surgeons to identify the exact location of the 
tumors, and helped with the positioning of the 
long needle electrodes during their insertion, 
according to treatment plan [6]. 
 

 

Figure 8. Treatment 3-D planning for 
registration and navigation (A) Navigation was 

used to accurately access the planned skin 
entry points and direction of electrodes (B) 
Positioning of navigation system needle and 

first needle electrode (C) and the final 
positioning of all five needle electrodes (D). 

 
 
The effect of ECT of deep-seated tumors 
located close to the heart on functioning of the 
heart was investigated in 2015 for the first 
time. During this study, changes in several 
electrocardiographic signals and heart rate 
variability parameters of 10 patients with 
colorectal liver metastases treated with ECT 
were evaluated. No major heart rhythm 
changes (i.e., induction of extrasystoles, 
ventricular tachycardia or fibrillation) or 
pathological morphological changes (i.e., ST 
segment changes) indicating myocardial 
ischemia were found. Only minor effects of 
intra-abdominal ECT treatment on functioning 
of the heart were found. They were expressed 
as statistically significant but clinically 
irrelevant changes in heart rate and long-term 
heart rate variability parameters and were as 
such not life-threatening to the patients. [6]. 
 

4.3. Pulsed Electromagnetic Field  
For the first time in 2016, ECT was performed 
using Pulsed Electromagnetic Field (PEMF) in 
mouse melanoma in vivo. In this regard, 

noninvasive EP was performed by magnetic 
field pulse generator connected to an 
applicator consisting of round coil. 
Subcutaneous mouse B16F10 melanoma 
tumors were treated with intravenously 
injection of cisplatin (4 mg/kg), PEMF (480 
bipolar pulses, at frequency of 80 Hz, pulse 
duration of 340 μs) or with the combination of 
both therapies (ECT – PEMF + cisplatin). At 
the end the results in mouse melanoma model 
in vivo demonstrate the possible use of PEMF 
induced EP for biomedical applications, such 
as ECT. The main advantages of EP mediated 
by PEMF are contactless and painless 
application, as well as effective EP compared 
to conventional one [3]. 
 
5. Alternative Image Guided Procedure 

(IGP) Approaches 

ECT is of course not the only technique 
available for local treatment of internal 
tumors. These local therapeutic options are 
available, from surgery and radiotherapy as 
prevalent, to thermal ablation techniques, like 
radiofrequency ablation (RFA), microwave 
ablation (MWA), which can be performed 
minimally invasively. Furthermore, 
cryosurgery and laser therapy can be other 
options for local cancer treatment [1, 4, 16].  
A comparison between ECT, RFA and MWA 
is provided in the following:  
These three techniques work with complete 
different principles.  
ECT works based on non-thermal reversible 
EP and combines low permeable cytotoxic 
drug with the application of electric pulses to 
kill the tumors [13]. 
RFA and MWA both are thermal tumor 
ablation techniques, but their heating 
mechanisms are quite different.  In RFA a 
needle electrode is delivered an electrical 
current in the radiofrequency range under 
imaging (Ultrasound, CT and MRI) or surgical 
guidance. This produces heat-based thermal 
cytotoxicity based on a creation of complete 
electrical circuit through the body. The critical 
tissue properties for RFA are electrical 
conductivity and thermal conductivity. On the 
other side, MWA is a special case of dielectric 
heating, where the dielectric material is tissue. 
When an alternating electromagnetic (EM) 
field is applied to an imperfect dielectric 
material, dielectric heating occurs. In tissue, 
heating take place because the EM field forces 
water molecules in the tissue to oscillate. 
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Hence, the best heating effect is achieved in 
tissues with a high content of water (e.g., most 
solid organs) and the worst is observed in fat. 
Another mechanism of MWA function is ionic 
polarization with conversion of kinetic energy 
into heat. A larger, more homogeneous 
ablation zone that is easily predicted is 
achievable and the heat-sink effect is 
attenuated. For MWA, the important 
properties are relative permittivity and 
effective conductivity. It is crucial to note that 
effective conductivity is different than the 
electrical conductivity in RFA. 
Radiofrequency electrical conductivity refers 
to an alternating flow of electrons, while 
effective conductivity encompasses effects 
related to the rotation of dipoles. Hence, RF 
heating requires an electrically conductive 
path while microwaves to not; thus, 
microwaves are capable of propagating 
through materials with low or zero 
conductivity (figure 9) [21, 22].  
The main focus of ECT is to control and treat 
different cutaneous and subcutaneous lesions 
and metastasis. Only in these past few years it 
becomes a practical method for treating 
internal and deep-seated tumors [1]. RFA is 
mainly used to treat tumors in internal organs 
like liver, long, kidney and bone. Then, 
because of some limitation of RFA which 
affects its efficiency, MWA becomes a new 
technique for this kind of tumors [21].  
In the case of temperature, temperature in 
RFA is between 60  to 100  and result in 
almost instant coagulation necrosis (low 
intratumoral temperature). For the MWA, the 
temperature can exceed 150 (high 
intratumoral temperature) [21, 22]. However, 
due to heat sink effect, thermal ablation 
techniques are not recommended in all 
situations. For instance, RFA is not 
recommended in the vicinity of major hepatic 
vessels and leads to frequent tumor 
recurrences. Therefore, ECT provides a non-
thermal approach for treatment of tumors in 
such locations. This is the main advantage of 
ECT in comparison with thermal ablative 
methods [4]. 
The frequency range of ECT is lower than two 
other ablative modalities (1 or 5000 Hz). RFA 
applies medium frequency alternating current 
(350-500 KHz) and MWA uses frequency 
between 900 to 2450 MHz [20, 21]. 
The effectiveness and safety have brought 
ECT into guidelines for the treatment of 

different cutaneous and subcutaneous tumor. 
In the case of internal and deep-seated tumors 
and from the point of view of the clinicians, 
the main challenge of applying ECT is that 
currently this procedure takes too long in 
comparison with other minimally-invasive 
procedures such as RFA or MWA. This is due 
to the requirement of multiple needles 
placement for ECT whereas in RFA and 
MWA, only one probe is inserted [1, 4, 16]. 
Another point is that between these three 
modalities, MWA is the only technique that 
can treat multiple lesions simultaneously [22].  
 

 

 

Figure 9. A: Simulated initial current densities 
of RFA in monopolar (left) and bipolar (right) 

modes. B: Heating pattern around a triaxial 
MWA antenna. 

 

 

6. Make ECT applicable for other 

applications in Future 
ECT is now at the stage of palliative and not 
curative treatment in most indications, or in 
the case other treatments have failed. Also it is 
in its early phase of clinical acceptance, 
currently the focus being on skin tumors and 
metastasis. However, further work is required. 
In this regard, treating deep-seated tumors 
needs more effort, time and resources. First the 
effectiveness of applying ECT in comparison 
with other treatments should be considered. 
Because as it was mentioned before, 
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placement of ECT needles is more 
complicated and time consuming than other 
IGP approaches. On the other side, even 
though the technology of image guided 
transcutaneous insertion of electrodes is 
available, pretreatment planning development 
for ECT is still in its early development. 
Hence, designing new electrodes and needles, 
using imaging modalities and treatment 
planning can be helpful to develop ECT in the 
clinical practices. However, besides of adding 
new features to the conventional form of this 
approach, the usability and price should be 
considered.  
One idea to develop the use of ECT and also 
have a successful tumor treatment is to 
combine this technique with other modalities 
like surgery. Using ECT before the surgery to 
downsize the tumor can facilitate surgical 
interventions. Additionally, ECT would be 
used after surgical removal of tumor to treat 
remaining mass. Furthermore, based on the 
several reports from animal models, another 
combination can be the use of ECT as radio 
sensitizing approach. Therefore, ECT could, 
by increased intratumoral accumulation, 
potentiate radiation response of tumors 
without normal tissue damage [18]. One of the 
novel ideas is also to combine ECT with other 
EP-based methods like immunomodulatory 
effect (immunogene electrotransfer) to 
increase systemic antitumor effectiveness of 
ECT, which is on a great investigation to make 
it applicable for the clinical practices [16].   
ECT is one EP-based method just for cancer 
control. As another idea, one possibility in the 
future might be the use of EP-based therapies 
in order to deliver the medications directly to 
the special organs or parts of the body, which 
are fighting with special diseases apart from 
cancer. For instance in the case of Alzheimer, 
researcher found the specific area in the brain 
which is responsible for this disease. Hence 
they started to plan the treatment and produce 
the drugs. The use of EP-based methods might 
be practical to deliver the more effective but 
less permeable drugs to the brain in the case of 
Alzheimer. Therefore, changing the 
components and chemical structures of the 
drugs in the case of disease with limited 
treatment options will not be a problem in the 
future, because we know how to administrate 
these drugs. This idea will need a 
comprehensive study on requirements to 

modify the instruments, especially for having a 
minimal invasive procedure.     
 
7. Conclusion 

Besides some limitations of ECT, studies 
showed that it is an effective treatment of 
tumor lesions located in the skin or 
subcutaneous tissue, both primary and 
metastatic, regardless of the histological type 
of the tumor or previous treatments. It has also 
shown its effectiveness in the case of treating 
deep-seated tumors. On the other hand, ECT 
offers considerable advantages, like in terms 
of time of hospitalization; it can be performed 
at a day hospital. It is also possible to repeat 
several ECT cycles without precluding other 
types of treatment. It has good cost/benefit 
ratio and no serious adverse events or severe 
toxicity have been related to this technique. 
However, because of novelty of this method, 
more research and investigation are needed to 
develop ECT and make it more applicable for 
different types of cancers, as well as other 
diseases in various areas in the body. 
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Introduction

Components & Medical applications

Drawbacks & Future outlook

Conclusion

Photodynamic Therapy (PDT) is a treatment option which requires three main components: A photosensitizer (PS) which accumulates in the targeted cells, a light source to 

activate the photosensitizer (PS) and oxygen. The combination of these three components can lead to a toxic chemical reaction in the targeted tissue. In theory PDT offers 

the possibility to treat malignant and premalignant diseases in a less invasive method compared to conventional methods like open surgery. 

There are also disadvantages of PDT, like the dependence on penetration depth of visible light into tissue, distribution and monitoring issues of the PS, and difficulties with 
the intraoperative access that make further improvements necessary. Since the penetration depth of visible light is limited in tissue, PDT is often used as a 
complementary treatment in combination with other medical treatments

PDT is used for many years, still it has not found a big breakthrough in one specific medical field. It is widely used in all kind of medical fields and its importance can be 

measured at the high amount of ongoing research. It is also not a standalone treatment, but it complements different medical treatments and is important for palliative 

treatments. At the same time the high flexibility of the PDT treatment opens up possibilities for further developments. PDT will also complement the multimodal and patient 

specific treatment approaches of the near future in medicine. 

Fig. 1: Basic principle of PDT: 1. Injection of PS; 2. Accumulation in 

targeted cells; 3. Irradiation/Therapy 

 PDT – BASIC PRINCIPLE • PDT is well-known medical treatment modality, 

which allows high selectivity and accuracy
• Equipment, especially the light sources and the light 

delivery access, must be adapted to each specific 

application
• Current research fields: new approaches to deliver 

photosensitizer (PS) to the targeted cells, new ways 

to activate the PS and improved methods to guide 

PDT, which make PDT treatment an attractive future 

choice 

Light source

Medical applications

OxygenPhotosensitizer (PS)

Interventional Photodynamic Therapy (PDT)

Applications, current problems and future developments  (Review)

• Based on photodynamic reactions of a photosensitizer 

(PS), activated by a light source, a chemical reaction 

occurs, which can induce severe damage to tissue
• Activation of the PS: electromagnetic radiation, normally 

within the visible light spectrum
• Three different reactions are possible: Type I redox 

reaction creates reactive species like free radicals, type II 

redox reaction generates highly reactive singlet oxygen 

and the third possibility is phosphorescence or 

fluorescence

PS

A: 

Approved

T: Trials

Ideal Characteristics

High 

singlet 

oxygen

Efficient 

light 

absorption 

(nm)

Non-

toxic

Low 

dark 

toxicity

Tissue 

selectivity

Accumulati

on / 

elimination

Photofrin 

(HPD)

A: 

Worldwide
+ 630 ++ -- - --

ALA
A: 

Worldwide
0 635 ++ + 0 -

ALA esters A: Europe + 635 + + + 0

Foscan 

(mTHPC)

A: Europe

T: United 

States

++ 652 - -- - 0

HPPH
T: United 

States
++ 665 + 0 + +

Talaporfin 

(LS11, MACE, 

NPe6)

T: United 

States
+ 660 + 0 -- +

Silicon 

phthalocyanin

e (Pc4)

T: United 

States
0 675 + 0 + +

Padoporfin 

(TOOKAD)

T: United 

States
+ 762 ++ ++

Table 1: Selection of clinically Applied Photosensitizers (PS)

Drawbacks Future outlook

PDT is often used as a complimentary approach to open surgery, chemotherapy and radiation therapy. PDT is established in a wide field of different medical applications, 

including gastroenterology, dermatology, gynecology, ophthalmology, ENT, etc. It can be distinguished between a superficial, an intraoperative, an interstitial and an 

endoscopically access. An example for superficial access can be found in Dermatology, for intraoperative in thoracic Oncology, interstitial in  Neurosurgery and 

endoscopic in lung cancer treatment.

Fig. 2: Examples of light applicator systems [1]: 1. Glass fiber; 2. Light intensity 
profile of glass fiber with attached micro lens; 3. & 4. Diffuse light applicators 

• Three main classes of clinical PDT light 

sources: lasers, LEDs and filtered 

lamps 
• Light source defines area to irradiate 

and penetration depth

• Available oxygen in tissue determines 

effectiveness of PDT treatment 
• lifetime of singlet oxygen is ca. 10 – 320 ns; 

limits diffusion to approximately 10 – 55 nm in 

cells � damage close to the location of the PS; 

enables accurate treatment
• Cell damage mainly in three different ways: 

Apoptosis, necrosis or autophagy-associated cell 

death 

• Overcome depth dependency: Light source: ultrafast 

pulsed laser light for deeper penetration; X-ray 

radiation to stimulate singlet oxygen generation; 

Radionuclides to emit photon directly in tissue to 

activate PS

• Major disadvantage is the dependence of penetration depth of 

visible light into tissue – activation of PS only in superficial tissue 

layers
• Entire monitoring process of a PDT treatment is still largely 

unresolved – accurate dose measurement and monitoring often 

not possible 
• Photosensitivity of the skin with accumulated PS – also sunlight 

can activate PS; precautions have to be met

Fig. 3: Cell death can occur in three different ways: Apoptosis, necrosis or 
autophagy-associated cell death 

• PS: Nanoparticles for better delivery and accumulation; PS can be integrated with drug 

delivery � not only to damage tissue also to deposit medication
• Approaches to integrate PDT treatment into other medical treatments like radiation therapy    

Fig. 4: Cerenkov radiation activated PDT http://
bme.ucdavis.edu/marculab/files/2014/08/cerenkov.jpg 
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Abstract Photodynamic therapy (PDT) is a well-known medical treatment modality. Based on photodynamic 

reactions of a photosensitizer (PS), activated by a light source, a chemical reaction occurs, which can induce severe 

damage to tissue. Although this method is known in modern medicine for more than 100 years, there is still intensive 

research ongoing. PDT is used in many different medical fields, because this treatment method allows high selectivity 

and accuracy. Therefore the equipment, especially the light sources and the light delivery access must be adapted to 

the specific application. Before the invention of glass fibers the PDT treatment was limited to superficial applications. 

With fiber optics, the improvement and new development of light sources and new PS, it became now possible to 

apply this treatment also intracorporeal. But there are also disadvantages of PDT, like the dependence on penetration 

depth of visible light into tissue, distribution and monitoring issues of the PS, and difficulties with the intraoperative 

access that make further improvements necessary. Since the penetration depth of visible light is limited in tissue, PDT 

is often used as a complementary treatment in combination with other medical treatments. Current research fields 

include new approaches to deliver the PS to the targeted cells, new ways to activate the PS and improved methods to 

guide PDT, which make PDT treatment an attractive future choice.       

 
Index Terms—PDT, Photodynamic Therapy; PS, Photosensitizer 

 

I. INTRODUCTION 

hotodynamic Therapy (PDT) uses light to activate a 
photosensitizer (PS) which is accumulated in cells 

of special interest. Light energy is absorbed and can 
lead to the generation of highly reactive oxygen or 
radicals. If the right conditions are available a 
chemical reaction to destroy targeted cells can be 
evoked. The first clinical approaches with this 
therapeutic treatment modality in modern medicine 
can be traced back to the beginning of the twentieth 
century. This review paper gives a brief overview on 
the applications today and the existing drawbacks. It 
will also focus, based on literature review, on ongoing 
developments and future outlooks of PDT. A special 
focus is put on the systems and instruments that are 
employed for the procedures. Today PDT is widely 
used in medical applications, but there are also 
applications in the treatment of noxious insects and 
parasite control. The basic principle is the same, but 
since the requirements are different, this paper focuses 
exclusively on the medical applications. [1] [2]  

II. PDT – BASIC PRINCIPLE 

Photodynamic Therapy (PDT) is a treatment option 
which requires three main components: A 
photosensitizer (PS) which accumulates in the targeted 
cells, a light source to activate the photosensitizer (PS) 
and oxygen. The combination of these three 
components can lead to a toxic chemical reaction in 
the targeted tissue. In theory PDT offers the possibility 
to treat malignant and premalignant diseases in a less 
invasive method compared to conventional methods 

like open surgery.  
First the PS has to be administered to the patient. 

This can be done in a systemic or in a topical 
approach. Systemic means that the PS is injected 
intravenous or is administered oral in the form of a 
drug into the patient, while topical means it is applied 
only at the region of interest. In both cases the PS has 
to accumulate in specific cells. These specific cells are 
often tumor cells. Some PS accumulate in different cell 
organelles, others in membranes or the vascular 
system.  

As described in Fig. 1, after the accumulation, the 
main therapy, the irradiation with a light source, takes 
place. The PS ideally is nontoxic to the human body, 
but it changes its chemical structure by irradiation with 
light. This chemical activation and the following 
chemical reactions lead to highly reactive singlet 
oxygen, which in most cases causes cell death. The 
main parameters to control the therapy are the amount 
of available PS, the time between PS application and 
treatment, molecular oxygen and the irradiation dose.  

    

 
Fig. 1:  Basic principle of PDT: 1. Injection of PS; 2. 
Accumulation in targeted cells; 3. Irradiation/Therapy  
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A. Photosensitizer (PS) 

The activation of the PS is achieved by 
electromagnetic radiation, normally within the visible 
light spectrum. Each PS has a specific absorption 
spectrum. If the PS is irradiated at this specific 
absorption spectrum or at least at a peak of the 
absorption spectrum, the PS can absorb energy and 
therefore change its energy level. The energy level is 
changed by electronic excitation. This can lead in a 
second step to a chemical reaction. The chemical 
reaction can vary for different PS. Basically three 
different reactions are possible: A type I redox reaction 
creates reactive species like free radicals, a type II 
redox reaction generates highly reactive singlet oxygen 
and the third possibility is phosphorescence or 
fluorescence.  Depending on the available oxygen and 
induced energy the result of this chemical reaction is a 
highly reactive radical, in most cases singlet oxygen, 
often combined with fluorescence of the molecule. 
This highly reactive radical interacts with the 
surrounded tissue, which can lead to necrosis or 
apoptosis of the cells. The fluorescence can be used to 

monitor and guide the procedure, but has no toxic 
effect.  

The ideal photosensitizer (PS) has to fulfill certain 
characteristics. First of all a high singlet oxygen 
quantum yield is to achieve to make the treatment as 
efficient as possible, since the singlet oxygen is the 
main cause for destroying the targeted cells.  

Also a high quantum yield of natural fluorescence 
would be beneficial to achieve a visual control of the 
tissue with accumulated PS. A high uptake of the PS in 
the targeted cells with high contrast to the neighboring 
healthy tissue is therefore preferred. With the PS only 
present in the targeted cells, a visual control by 
fluorescence of the targeted cells would be possible, 
and with that the irradiation of the treatment could be 
simplified and monitored.  

An efficient light absorption at longer wavelength is 
advantageous, since the spectral range of light with a 
wavelength in between 700 to 800 nm has the deepest 
penetration into tissue. The PS should also be nontoxic 
with a low dark toxicity, so that it is not harmful to 
patients who are exposed to light. 

 
Table 1: Clinically Applied Photosensitizers [1] [7] [8] [22] [23] (fulfills characteristics: ++,+,0,-,-- :does not fulfill characteristics)  

Photosensitizer Structure 
A: Approved 
T: Trials 

Ideal Characteristics 

high 
singlet 
oxygen 
quantum 
yield 

high 
quantum 
yield of 
natural 
fluorescence 

efficient 
light 
absorption 
at longer 
wavelength 
(nm) 

nontoxic 
low dark 
toxicity 

selective 
uptake in 
targeted 
cells 

short time 
period of 
accumulation 
and 
elimination 

Porfimer sodium 
(Photofrin) (HPD) 

Phorphyrin 
A: 
Worldwide 

+  630 ++ -- - -- 

ALA 
Phorphyrin 
precursor 

A: 
Worldwide 

0 + 635 ++ + 0 - 

ALA esters 
Phorphyrin 
precursor 

A: Europe + ++ 635 + + + 0 

Tempoporfin 
(Foscan) (mTHPC) 

Chlorine 
A: Europe 
T: United 
States 

++  652 - -- - 0 

Verteporfin Chlorine 

A: 
Worldwide 
(AMD) 
T: United 
Kingdom 

+  690  + - ++ 

HPPH Chlorine 
T: United 
States 

++  665 + 0 + + 

SnEt2 (Purlytin) Chlorine 
T: United 
States 

0  660  0 + + 

Talaporfin (LS11, 
MACE, NPe6) 

Chlorine 
T: United 
States 

+ + 660 + 0 -- + 

Ce6-PVP 
(Fotolon), Ce6 
derivatives 
(Radachlorin, 
Photodithazine) 

Chlorine 
T: Belarus, 
Russia 

+  660 +   + 

Silicon 
phthalocyanine 
(Pc4) 

Phthalocyanine 
T: United 
States 

0 + 675 + 0 + + 

Padoporfin 
(TOOKAD) 

Bacteriochlorin 
T: United 
States 

+  762  ++  ++ 

Motexafin lutetium 
(Lutex) 

Texaphyrin 
T: United 
States 

++  732  + 0 ++ 

Abbreviations from [8]: ALA, 5-aminolevulinic acid; AMD, age-related macular degeneration; Ce6-PVP, chlorin e6-polyvinypyrrolidone; HPD, 
hematoporphyrin derivative; HPPH, 2- (1-hexyloxyethyl)-2-devinyl pyropheophorbide-a; MACE, mono-(L)-aspartylchlorin-e6; mTHPC, m-
tetrahydroxyphenylchlorin; nm indicates nanometers; SnEt2, tin ethyl etiopurpurin. 
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This means if the patient is exposed to sunlight and 
the PS is still present in e.g. cells of the skin the 
reactions of PDT will occur as long as the PS is 
available. Therefore also a fast metabolism to 
eliminate the PS from the body after treatment is to 
achieve.  

The PS can be categorized into three broad families 
according to their chemical structure: porphyrin, 
chlorines and dyes. The PS can be further categorized 
into three generations. The first generation, which 
includes the porphyrin hp are present in cells and can 
be produced by the body itself. The second generation 
includes the chlorines and some dyes. The third 
generation includes antibodies that bind selectively to 
an antigen on the targeted cells. This generation of PS 
is still in development.  

The most important and widely used porphyrin is 
hematophorphyrin (hp). First studies with hp were 
executed in 1980. One important and widely used 
derivatives of hp is photofrin. Medical studies from the 
1980s until today support the positive impact of 
photofrin as a PS for PDT applications.  

An important endogenous PS is 5-Aminolevulinic 
acid (5-ALA). Endogenous means that it can be found 
in the body. 5-ALA is enzymatically converted to the 
active PS protoporphyrin IX (PPIX). Normally the 5-
ALA production in the body is controlled via a 
feedback system, but if this PS is administered 
exogenous, which means from outside, this feedback 
control can be bypassed and an accumulation of PPIX 
is possible. For example 5-ALA can be used in the 
treatment of malignant glioblastoma or in bladder 
cancer treatment.  

Chlorines are chlorophyll-like substances and can be 
found in bacteria and algae. Examples are 
bacteriochlorin, chlorin e6 (Ce6) and chlorophyll 
derivatives (CpD). Tempoporfin (mTHPC) is a second 
generation PS based on chlorin and is used in PDT to 
treat squamous cell carcinoma of the head and neck. In 
the European Union, it is also known under the name 
Foscan. 

The most common dyes are phthalocyanines. They 
belong to the second generation PS and have a high 
absorption rate when irradiated with light of 650 – 800 
nm, also a short tissue accumulation can be observed.  

This only gives a brief overview of possible PS, for 
further information the author refers to [1]. Many 
different PS are available and for each application the 
ideal PS has to be chosen. Table 1 gives an overview 
of clinically applied PS and some of their 
characteristics. It also evaluates the PS regarding the 
ideal characteristics. Although the table is not 
complete it shows that PS with completely different 
characteristics are available. [1] - [3] [8] [23] 

B. Light source 

The second important component of a PDT 
treatment is the light source. It is important to choose 
the light source application-specific, since the light 
source defines the efficient activation of the PS. The 
penetration depth of the light and the available 
molecular oxygen is directly related to the induced 
dose of toxicity. 

The three main classes of clinical PDT light sources 
are lasers, LEDs and filtered lamps. LEDs and filtered 
lamps can be used to irradiate wide areas, while lasers 
are used if deeper penetration is necessary. 
Additionally longer wavelengths are preferred, since it 
causes deeper light penetration into tissue. As already 
mentioned the emitted wavelength of the light source 
has to match the absorption spectrum of the PS. 
Therefore often a tradeoff between penetration depth 
(longer wavelength) and maximum absorption rate of 
the PS has to be found.  

Dependent on the application the light access route 
is also different. While in Dermatology light can be 
emitted directly on top of the skin, in intracorporeal 
applications the light or light source has to be brought 
to the application area. It can be distinguished between 
a superficial, an intraoperative, an interstitial and an 
endoscopically access.  

Different light applicator systems can be seen in Fig. 
2. Depending on the application a certain area must be 
illuminated homogenously. Glass fibers enable to 
transmit light, especially laser light, into the body. To 
get a uniform illumination often a micro lens is used at 
the distal tip of the fiber. For longer hollow organs or 
for interstitial applications diffuse light applicators are 
used (see Fig. 2).   

 

 
Fig. 2:  Examples of light applicator systems [1]: 1. Glass fiber; 2. 
Light intensity profile of glass fiber with attached micro lens; 3. & 
4. Diffuse light applicators   
 

Lasers couple light into a glass fiber and are able to 
irradiate small spots with a comparably higher 
penetration depth. The use of LEDs are another and 
cheaper option. In intracorporeal applications the heat 
emission of LEDs can be a problem to healthy tissue 

1 

2 

3 

4 
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however. They can also be coupled into light fiber 
systems, which then make LEDs comparable to laser 
light sources. LEDs cover all visible light wavelengths 
and can be arranged in many different configurations. 
This make LEDs also an important light source for 
wide area irradiation. Filtered lamps have a low 
efficiency compared to other light sources, but are still 
used due to historical and cost reasons. In certain 
applications it makes sense to use a filtered light 
source, for example in endoscopic applications it 
enables to use one light source for illumination during 
inspection of an area with reduced intensity and use 
the same light source with a filter and higher intensity 
to irradiate the area of interest. Also if a filter is used, 
the filter can be adjusted to match to many different 
PS, while a laser or LEDs often only emit one 
wavelength and therefore match only with a low 
number of PS. [1] - [3] [8] 

C. Oxygen 

The available oxygen in the tissue is one of the 
determining factors of the effectiveness of a PDT 
application. Only if enough oxygen is present the toxic 
chemical reaction can take place. The PS is activated 
by the light source to produce reactive oxygen species 
(ROS).  

Two different types of reactions lead to the 
generation of these highly reactive ROS. Type I redox 
reactions involve an electron or hydrogen transfer, 
induced in the PS, to form free radicals. Type II redox 
reactions produces the highly reactive state of oxygen, 
called singlet oxygen. In PDT mainly type II redox 
reactions take place.  

The lifetime of singlet oxygen is between 10 – 320 
ns, which limits the diffusion to approximately 10 – 55 
nm in cells. Therefore the photodynamic damage takes 
place close to the location of the PS. This enables an 
accurate treatment of cells with accumulated PS.  

 The cell damage mainly occurs in three different 
ways. Fig. 3 summarizes the different mechanisms. 
Apoptosis can take place. It is a programmed cell 
death due to damage of singlet oxygen inside the cell. 

 

 
Fig. 3:  Cell death can occur in three different ways: Apoptosis, 
necrosis or autophagy-associated cell death [8] 

During that process cell fragments, so called 
apoptotic bodies are produced, which can be removed 
by phagocytic cells. If the damage is too severe 
necrosis takes place. Necrosis is a traumatic cell death. 
The cell content spills into the interstitium, which can 
lead to further damage. A third method can be 
autophagy-associated cell death. In this case damaged 
cell organelles are basically isolated in a double-
membraned vesicle, called autophagosomes. These 
autophagosomes are then processed in a second step. 
[1] - [3] [8] 

III. PDT – FIELDS OF APPLICATION 

PDT is often used as a complimentary approach to 
open surgery, chemotherapy and radiation therapy. 
PDT is established in a wide field of different medical 
applications, including gastroenterology, dermatology, 
gynecology, ophthalmology, ENT, etc.  

In this chapter different applications are described. 
They were chosen to give an overview of the different 
possible applications and the required instruments. 
Almost all existing medical PDT applications follow 
one of the described methods. The focus therefore is 
on highlighting the differences in these medical 
applications.  

A. Dermatology 

PDT is well established in Dermatology. Many 
different treatments are available, since the skin can be 
irradiated and the PS can be applied very easily from 
the outside on the skin. Fig. 4 shows one possible 
application of PDT in Dermatology. PDT is used here 
to irradiate a lesion which sits in the middle of the 
white tissue on the patients arm. The light source can 
be placed above the lesion.  

 

   
Fig. 4:  Application of PDT in Dermatology [4] 
 

 One example is the treatment of actinic keratoses 
(AK). AK is a premalignant skin condition. The risk of 
untreated AK is the possible transformation to 
cutaneous squamous cell carcinoma (SCC).  

Fig. 5 shows the clinical presentation of AK. Two 
main risk factors for AK are fair skin and history of 
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extensive, cumulative sun exposure. To prevent 
disease progression to SCC, which has metastatic 
potential an early treatment is necessary. Depending 
on the case, PDT is used as an additional treatment to 
surgical treatment, such as cryotherapy or excision. 
For the PDT treatment 5-ALA is most often used as 
the topical PS. The incubation time is anywhere 
between 3 – 4 hours and depends on the specific 
treatment. Depending on the application different light 
sources are used. 

 

 
Fig. 5:  Actinic keratosis (AK) on the frontal scalp of a male 
patient [4] 
 

For example if many lesions are present, it may 
make sense to treat a wider area at once. Therefore a 
light source with a uniform illumination on the whole 
area of treatment is necessary. Fig. 6 shows an 
example of a light source which can be used to 
irradiate the whole skull at once.  

 

 
Fig. 6:  Example of light source to treat actinic keratosis (AK) [4] 

 

If only a small area or individual lesions are present, 
a light source with a smaller spot can be used. For 
smaller spot laser light sources are preferred. To 
ensure a positive outcome the irradiation dose per area 
should be equivalent in each application. The light 
source should emit light with a wavelength of around 
635 nm, since 5-ALA is activated at this wavelength 
and the penetration depth into tissue is considerably 
better compared to light with a shorter wavelength. 
However, in the United States blue light (wavelength: 
ca. 380 – 450 nm) is the only FDA-approved form of 
light for activating 5-ALA. The photochemical effect - 
the activation of 5-ALA - is effective, but blue light 
only penetrates 1 – 2 mm into tissue limiting treatment 
to that distance from the skin surface.  

 Other dermatology PDT treatments are possible, for 
example acne vulgaris, sebaceous gland hyperplasia 
(SGH) and hidradenitis suppurativa. [1] - [7]       

B. Thoracic Oncology 

PDT treatments in thoracic oncology are chosen as 
an example for the intracorporeal treatment method. In 
this field PDT is part of a multidisciplinary cancer 
treatment approach and compliments surgery, 
chemotherapy and radiation therapy. However, in 
some cases, like palliative therapy, PDT is the only 
available treatment option. The most common cancers 
in thoracic oncology are: lung cancer, oesophageal 
cancer, mesothelioma and breast cancer. 

Photosensitivity of the patient can be an issue, since 
PS is mostly applied systemically or higher volumes 
have to be administered. PS can be accumulated in the 
skin of the patient, which leads to photochemical 
reactions when exposed to light. Even sunlight can 
activate the PS. Therefore precautions have to be 
taken, so that no unwanted photo-chemical reactions 
and damage to healthy tissue is provoked.  

Irradiation delivery becomes a special technical 
problem in thoracic applications. For a successful PDT 
treatment a uniform irradiation of intracorporeal 
targeted tissue is necessary. Basically two types of 
irradiation can be distinguished: Diffuse and focused 
irradiation. Diffuse irradiation is used for larger areas, 
while focused irradiation can be used for smaller areas 
and to achieve deeper penetration depth. Diffuse 
irradiation has the disadvantage, that also PS which is 
available in non-targeted tissue is activated and can 
damage healthy tissue. If a bulky lesion has to be 
treated, the light source, often a glass fiber, can be put 
directly into the to be treated structure. To avoid 
breakage of the fragile fiber, a small incision can be 
done, just large enough for the fiber. These fibers are 
mostly diffuse light sources able to irradiate the whole 
bulky structure from the inside. Different additional 
substances such as emulsion can be used, to distribute 
light in cavities. This is used, if it is not possible to 
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irradiate a specific area from a frontal position.  
An advantage of PDT is that the treatment can be 

repeated multiple times. This opens up the possibility 
to treat a larger area in multiple steps and also to reach 
deeper seated tissue by applying multiple treatments. 
Since the irradiation has to be adapted individually on 
each case, PDT also offers opportunities for 
personalized treatment approaches. 

One example for a treatment in thoracic oncology is 
lung cancer, also called bronchial carcinoma. The 
available standard treatments are surgery, radiotherapy 
and chemotherapy. One indication for a PDT treatment 
is for example a patient that is ineligible for surgical 
resection. 

Another indication is, if a tumor blocks an airway 
and therefore a large part of the lung is not ventilated 
anymore, PDT can be used to reduce the size of the 
tumor enabling to open up the airway again.  

PDT is also used after major lung resections to treat 
the tumor bed. This increases the safety margin, since 
remaining tumor cells in the tumor bed can be 
destroyed. In thoracic oncology PS is administered 
intravenous (IV). The most common PS is Photofrin. 
Basically two different approaches are available: An 
endoscopic approach and an open surgery approach. 
The endoscopic approach is described in more detail in 
the next chapter. The open approach makes sense, if 
e.g. an open resection was done prior to the PDT 
treatment. The only disadvantage is that the 
administration of the PS must be planned prior to 
surgery so that an irradiation is effective after the 
tissue resection. Depending on the resection area, most 
of the irradiations are superficial although 
intracorporeal and therefore in general similar to the 
described irradiations in dermatology. For an 
endoscopic approach for e.g. treatments in the 
bronchus system the procedure follows in general the 
described methods in the next chapter. [1] - [7]            

C. Endoscopic Applications 

Endoscopic PDT applications are chosen as an 
example for intracorporeal treatments. Since 
endoscopy follows a minimal invasive approach, 
special requirements for the instruments and treatment 
methods are necessary. Since the available light 
sources are well developed and also many different PS 
are available, it makes sense to find new ways to reach 
regions of interest inside the body in a minimally 
invasive way. Modern endoscopic equipment makes it 
possible to apply PDT intracorporeal, since it brings all 
requirements already within the system. It has a light 
source which is used to illuminate hollow organs. But 
this light source could also be used to irradiate a 
specific area. The camera or image bundle, which 
transmits the image from inside to outside, can be used 
to monitor the treatment. Often, a working channel is 

available to insert instruments, or even laser fibers for 
optimal irradiation. But for minimal invasive 
intracorporeal PDT treatments there is still plenty of 
room for improvements of the used instruments like 
catheters, light fibers, PS deposition methods, etc. The 
main challenges are to provide enough light dose and 
to ensure a uniform irradiation of the targeted tissue.  

Endoscopic PDT applications can be found in 
different medical fields. As indicated in the previous 
chapter treatments in the bronchus can be done 
endoscopically. The major advantage is that the 
treatment area can be reached through natural body 
orifices or very small incisions. Another example is the 
treatment of bladder cancer in urology with PDT. Here 
also a natural body orifice can be used. The 
instruments can be introduced through the urethra. 
This limits the diameter however and defines the 
requirements for the shape of the used instruments. 

 For treatments in the bladder the PS can be 
administered intravenous (IV) or in a solution which is 
directly introduced into the bladder. After 
accumulation of the PS in the targeted cells the 
irradiation takes place. Fig. 7 shows a balloon catheter 
for irradiation of the bladder.  

 

 
Fig. 7:  Balloon catheter for light application [5] 

 
In this case a catheter is used to irradiate the whole 

bladder at the same time. The balloon is used to 
position and to fix the catheter and white light to 
irradiate. The main reason for the white light is that the 
light source of the endoscopic system is used and with 
that no second light source is required. As long as the 
spectrum of the light source contains light with the 
required wavelength and enough intensity to activate 
the PS any light source can be used. To ensure a 
uniform irradiation, particles to diffuse the light in all 
directions are implemented into the distal tip of the 
catheter. [1] - [7]   
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D. Neurosurgery 

The PS in neurosurgical applications has additional 
requirements. It should have a very high selectivity for 
tumor cells, also for tumor cells embedded in normal 
brain tissue. This is to ensure, that all tumor cells can 
be destroyed without damaging the surrounding tissue. 
If the PS is applied systemically, it should also be able 
to cross the blood brain barrier (BBB) since it has to 
reach the tumor cells in the brain. Also high 
fluorescence properties are preferred to have a visual 
control with the endoscopy system for irradiating the 
tumor cells. In these applications also a uniform and 
efficient irradiation is important.  

The main procedure is similar to the already 
described procedures under C. Not a lot of space is 
available however, because one main goal is to save as 
much healthy tissue as possible. Light fibers are 
therefore most often used to irradiate the targeted 
tissue. [1] [4] [13]    

E. Management of bacterial infections 

A non-surgical application of PDT is the treatment 
of bacterial infections. Since drug-resistant bacteria get 
more and more a challenge in clinical routines, new 
approaches have to be found to manage bacterial 
infections. PDT is one of these approaches. This 
application is not part of interventional PDT and is 
therefore only mentioned to give a complete overview 
of medical PDT applications. [1] [4]        

F. Conclusion 

The above described PDT applications already show 
that the requirements for the technical equipment 
change for each application, although the basic 
principle is the same. To achieve the best outcome for 
the patient all these different medical and technical 
aspects have to be considered. In all treatments also 
treatment efficiency, after-care, treatment risks, 
affordability and insurance coverage have to be 
considered and compared with other treatment options.  
One of the main advantages is that PDT can be applied 
multiple times, which makes it also an excellent option 
for palliative treatments. 

Approval for the specific treatments - including PDT 
- is national law and with that treatment protocols can 
differ in each country.   

IV. PDT - DRAWBACKS 

Although PDT is used in many different medical 
fields, there is still not the perfect combination of light 
source and PS. PDT is also used for many years, but 
there is no real breakthrough in one medical area. This 
could be because medical PDT is often only 
supplementary to other medical applications. Also 
some intrinsic drawbacks prevent the usage of current 
PDT methods for a large number of treatments.  

The major disadvantage is the dependence of 
penetration depth of visible light into tissue. This 
creates problems in the delivery of light energy into 
deeper tissue. At this point already complementary 
approaches, like a tool which cuts and irradiates with a 
laser to get to deeper tumors could be developed. This 
would reduce the dependence on penetration depth, but 
it is not a plain PDT treatment anymore.  

Even if light fibers are penetrated into tissue in 
several places and an irradiation would be possible the 
dose calculation and measurement is a problem due to 
individual tissue interaction, diffusion, and the lack of 
PS dosis monitoring.  

More or less the entire monitoring process of a PDT 
treatment is still largely unresolved. If the application 
and the delivery of the PS to the targeted cells could be 
monitored, then the right moment to irradiate could be 
calculated. This would ensure an optimal result of the 
treatment and would make it better comparable to 
other treatments.  

Another drawback is the photosensitivity of the skin 
with accumulated PS. If the PS is not eliminated in a 
short time period it can provoke tissue damage caused 
by sunlight. The patient will be photosensitive after 
treatment until the PS is processed or metabolized. If 
exposed to light symptoms of sunburn can occur. In an 
ideal case the PS should reach only the targeted cells 
in a short time period and be also eliminated from the 
body in a short time period. 

Also the current PS have several drawbacks. Some 
are not water-soluble which makes the administration 
often difficult. Most of the PS have also a significant 
uptake in healthy tissue. During irradiation this leads 
to damage of healthy tissue. And the reason for the 
depth dependency can be found also within the PS 
drawbacks. Since the wavelength for activation of the 
PS is in the visible light range the penetration depth is 
low, due to the low penetration of visible light into 
tissue.  

Drawbacks of the light sources can be found in the 
often low flexibility of the light source. That means for 
different applications it can be possible that different 
light sources are required. Often also the size of the 
light source is a problem and to achieve an accurate, 
sufficient and uniform illumination because of the 
treatment setup. [1] - [7] [13] [17] 

V. PDT – FUTURE OUTLOOK 

The focus of the future outlook is on ongoing 
research and on possible new developments in the 
PDT field. Most of the ideas were collected by 
reviewing the literature, but also ideas from the author 
are presented. 

One major drawback is the depth dependency. A lot 
of research is going on to encounter this issue. Since 
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the light only penetrates a certain distance into the 
tissue either the light sources have to be improved or 
new ways to apply the PDT principle have to be found. 
One solution to improve the light source could be 
ultrafast pulsed laser light. This enables to reach 
deeper tissue, since the intensity of one pulse is very 
high, but the overall induce energy can be controlled 
by the pulse length. [7]  

If the penetration depth is still not sufficient, also 
improvements of the devices to reach the tumor bed 
are possible. Endoscopy could be used to improve 
PDT intracorporeal. Fiberscopes could be used to 
reach deeper seated tumors. Rigid endoscopes could be 
used like a needle to penetrate into the targeted tissue. 
First to find the right spot the image bundle (glass 
fibers) are used to transmit an image from inside to the 
outside and during illumination they can also be used 
to transmit light from the outside to the inside 
additional to the light fibers which are also integrated 
in the fiberscope, to increase the light dose.  

A further development of endoscopic applications 
could be catheter based applications. It may be 
possible to place a catheter under image guidance to 
the area of interest and then insert a light fiber through 
the catheter. This would require a better monitoring of 
dose measurement to ensure, that the irradiation is 
efficient. At the same time ways have to be found to 
evaluate the outcome, since the tumor bed would not 
be directly visible anymore under a catheter based 
treatment approach.    

Another promising approach could be a combination 
of ionizing radiation therapy and PDT. If it would be 
possible to activate the PS with ionizing radiation, the 
depth dependency would vanish, since e.g. X-rays can 
penetrate tissue. The only disadvantage is that the 
patient is irradiated with ionizing radiation. But if this 
is already part of the multimodal treatment approach 
the used radiation therapy could maybe directly be 
used for activating the PS and would only be applied 
very locally. This would require the development of 
new PS which are activated at completely different 
wavelengths outside of the visible light range.  

Another approach is to improve existing PS and also 
to find new approaches to deposit PS. Nanoparticles 
could be used to specifically deposit and activate PS. 
One described approach is to use single walled carbon 
nanotubes. These so called aptamers, which are 
DNA/RNA probes can bind to specific targeted tissue 
and control at the same time the singlet oxygen 
generation. This would improve the tissue contrast and 
allow better targeting of the specific tissue, but the 
depth dependency would still remain the same, since 
the PS in this case is activated by visible light with a 
low penetration depth into tissue. [10] 

The conventional PS could also be replaced by 

nanoparticles. These nanoparticles bear some 
advantages. For example the accumulation in the 
targeted cells can be controlled in some ways. Also 
nanoparticles can be designed to be less toxic than 
conventional PS. At the same time the degradation of 
the PS in the human body can be minimized, while the 
bioavailability and biocompatibility can be increased. 
[11]  

One example of using nanoparticles as a PS are the 
so called fullerenes. These closed cage nanomaterials 
made from carbon atoms can be activated by light. 
They can also bind to other molecules which can 
improve the selectivity to certain tissues. These 
nanoparticles can bind to membranes, DNA, virus, 
bacteria or cancer cells. This would allow a very high 
selectivity for specific applications. These fullerenes 
used as a PS are still in the early stage of development. 
The basically photodynamic reaction is also slightly 
different to conventional PS. The main drawback is 
that the absorption spectrum and therefore the 
activation is the most efficient in the UV region of the 
light, but at this wavelength the penetration depth into 
tissue is very less. [12]  

Another described method is to use X-ray radiation 
to stimulate the singlet oxygen generation during 
radiation with UV light. This research also showed that 
it is possible to use X-ray or γ-ray to activate 
nanoparticle-photosensitizer. If CeF3 is used as a 
nanoparticle X-ray radiation can be used to stimulate 
the nanoparticle, therefore the nanoparticle emits UV 
light. This emitted UV light can then activate the PS. 
This approach has significantly better penetration 
depth, since the nanoparticle is linked to the PS and 
directly emits the light in the targeted cells. [14] 

A similar approach is to use a radionuclide which 
emits a ß-particle. This ß-particle emits after 
annihilation a so called Cerenkov luminescence which 
activates a PS. Fig. 8 describes this method.  

 

 
Fig. 8:  Cerenkov radiation activated PDT 
http://bme.ucdavis.edu/marculab/files/2014/08/cerenkov.jpg 

 
Instead of X-ray or γ-ray a radionuclide is used to 

create visible light. As a PS a nanoparticle-
photosensitizer is used, in this case transferrin-coated 
titanium dioxide (TiO2). This would also enable to 
treat tumors in deeper seated tissue and at the same 
time open up new possibilities for new treatment 
approaches with different treatment modalities 

��



Instruments for Image Guided Procedures – Lecture of Prof. M. Friebe     Review paper 
 

combined. [15] 
In the future also approaches might be possible, 

where PDT is used to deposit drugs in the targeted 
tissue. The nanoparticles could be used to carry drugs 
for e.g. cancer treatment and by activation of the PS 
the nanoparticles do not only support the reaction of 
reactive oxygen, but at the same time also release 
drugs in the targeted tissue which support the cancer 
treatment.  

To improve PS delivery nanoparticles could be used. 
This could lead to a higher selective accumulation of 
the PS only in the targeted cells. Problems are that 
nanoparticles are often rapidly removed from the blood 
circulation. Therefore the delivery is not sufficient 
enough. New development with functionalized lipids 
in the construction of nanoparticles could address this 
issue [16].  

To monitor the PDT treatment also different 
imaging modalities could be used. For example a MRI 
scanner is able to show the BOLD-contrast. BOLD 
stands for Blood-Oxygen-Level-Dependent, which 
allows to detect changes in the blood oxygen level. 
Since PDT consumes oxygen during the 
photochemical reactions also a change in the oxygen 
level of blood can be observed, if the treatment is close 
to or in a vascular system. Therefore in specific 
applications this imaging modality could be used to 
measure the consumption of molecular oxygen and 
monitor, based on this measurement, the effectiveness 
of the PDT treatment. [19]  

In PDT treatments a guidance to ensure a satisfying 
result is missing most of the times. Optical 
spectroscopy could be a solution. [18] 

In skin cancer treatment fluorescence guided PDT 
can also be used to improve the outcome. Fluorescence 
guidance until now was used as a visual feedback, but 
in some cases it makes sense to use image data of 
fluorescence imaging to actual guide the treatment. 
This can also improve the quality assurance, because it 
gives a visual feedback of the tissue with accumulated 
PS. [20] 

Especially in brain tumor resection fluorescence 
image guidance potentially could improve the 
outcome. If a PS can be found with high fluorescence 
properties and a good tissue contrast then it can be 
used as a guidance tool to decide which tissue must be 
resected. In a second step a PDT treatment can be 
applied to irradiate the remaining tumor cells with 
accumulated PS. Here the resection and the PDT 
treatment would be integrated into one treatment, 
where the fluorescence of the PS is used as an image 
guided resection guidance. [21] 

 

VI. CONCLUSION 

PDT is used for many years. Because of its 
adaptable and flexible approach it still has not found a 
big breakthrough in one specific medical field. It is 
widely used in all kind of medical fields and its 
importance can be measured at the high amount of 
ongoing research. It is also not a standalone treatment, 
but it complements different medical treatments and is 
important for palliative treatments. At the same time 
the high flexibility of the PDT treatment opens up 
possibilities for further developments. The methods of 
PDT will definitely change in the future, but the 
ongoing research already describes possible 
developments. PDT will also complement the 
multimodal and patient specific treatment approaches 
of the near future in medicine. This makes PDT 
treatments preferable for a patient specific treatment 
approach. One possible patient specific approach could 
be to reproduce cells from e.g. a biopsy in the 
laboratory and to make preoperative tests to define 
which PS accumulates in the best way in the tumor 
cells to destroy only these specific cells.   

Although many different PS are available and many 
different PS are still investigated and developed, it has 
to be mentioned for a product development, it is 
important to know which PS is licensed in which 
country.  

In the medical field costs are often the main driving 
force for developments, in PDT treatments, besides the 
costs, it would also make sense to define some basic 
procedures and to research which application really 
makes sense for which treatment. There is still the 
question, how an ideal PDT system would look like. 
The problem is that the medical application defines the 
requirements for penetration depth of the light, access 
path and area to illuminate. This defines which light 
source should be used and at the same time how 
accurate the PS must accumulate in targeted cells in 
contrast to healthy tissue. There is not one ideal PDT 
system, but further development could lead to a 
systematic approach which defines a procedure how to 
choose the ideal combination for a specific application. 
Therefore more research to classify the PS due to their 
characteristics and effectiveness in combination with a 
few defined light sources is necessary. Until now the 
treatment options are very wide and undefined, 
therefore a clear classification is missing. The result of 
this research could be a plan to decide the best 
combination for each medical application.  

One reason why there is no clear classification yet 
could be the still missing definition of a widely 
accepted dosimetry measurement system for PDT. To 
compare different approaches, first a method to 
measure the induced dose must be found and also 
clinical trials with a large number of cases are 
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necessary. 
Besides the medical field PDT could also play a 

major role in treatment of infections. Since more and 
more resistant bacteria arise, maybe PDT could help to 
encounter this problem without increasing the resistant 
of the bacteria.  
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Introduction

Dose Management Strategies

Conclusion & Future scope
With the inventions of advanced technological tools for tracking, monitoring and recording of dose information, the healthcare providers needs to productively use these collected data in any meaningful 
way as a quality benchmarking tool. Therefore, the organizations will require enhanced interoperability and IT integration of both staff and patient dose data to accurately capture, track and measure 
information to assess quality for long term. The time is now for manufacturers, regulators and healthcare providers to work together to develop and implement cost-effective, realistic and meaningful 
programs to monitor radiation dose. For hospitals to comply with the new standards introduced by the Joint and European Commissions, support is needed to develop and sustain these programs. 
Therefore, establishing partnerships, including education on best practices to manage dose data, as well as technical support in performance quality for improved dose optimization will become critical 
for the future success of radiation safety programs.

• Interventional x-ray imaging is an essential part of modern day practise 
• Advances in imaging technology has transformed patient care, enabling timely, effective decision making and ultimately saving lives

Reasons to implement Dose management :- 
• Risks associated with x-ray radiations, as the high radiation dose involved may potentially damage the healthy tissues and cells of patients and staff 
• Use of medical imaging techniques like CT & Fluoroscopy has soared in last 2 decades.  
    In fact, interventional radiologists receive more radiation dose than workers in nuclear power plant per year on average. 
• Pressure from several regulatory bodies such as Image gently, Image wisely, EuroSafe imaging against the use of high radiation doses. 
• Introduction of standards such as European commission standards, ICRP and recently introduced Joint Commission rules 2015, 
    have forced hospitals to track, record and improve x-ray dose performance against external benchmarks. 
• Complexity of image guided procedures requiring understanding of every minute detail. 

• Radiation dose-management programs should focus on determining the right test at the right dose in a timely fashion 
• Adhering to appropriate radiation reduction techniques and using protective devices will minimize radiation exposure. 

Fig. Standard dose management techniques in the operating room

         A uniform program of radiation safety — assessment, tools and solutions, education and professional service — is the solution
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ABSTRACT 

A complex interventional X-ray procedure use large amount of radiation. The patients 

undergoing X-ray examinations are subject to a wide range of exposure levels, resulting in high 

radiation doses to patients as well as the staff. Therefore, Interventionalists needs to carefully 

plan each interventional procedure and this procedure planning should integrate radiation dose 

management, with the goal of an efficient and optimal use of radiation. Therefore, the review 

article discusses various strategies of dose management along with the future scope of reduction 

in dose. 

Keywords: X-ray interventions, Dose Management, Radiation Protection 

Abbreviations: CT Computer Tomography, SID source to detector distance, DSA Digital Subtraction 
Angiography, PACS Picture Archiving and Communication System, RIS Radiology Information 
System, ECG Electrocardiogram  

 

1. INTRODUCTION 

Interventional radiology, is an essential part of 
modern day medical practice. Advances in X-
ray imaging technology have had a significant 
impact on the practice of radiology. These 
Advances in imaging technology has 
transformed patient care, enabling timely, 
effective decision-making and ultimately 
saving lives. The benefits, however, do not 
come without risks because these procedures 
use electromagnetic radiation (X-ray) for 
imaging and guidance therefore both the patient 
and medical staff receive radiation exposure. 
The high radiation doses involved in these 
procedures may potentially damage healthy 
cells and tissues of the patients and staff who 
are exposed.[1][2] 

There are two types of biological effects 
resulting from radiation exposure. They are, 
deterministic effects or stochastic effects. 
Deterministic effects results from cell death and 
is expressed in terms of radiation dose to a 
particular region that has a threshold level 
beyond which these effects generally occur. 
Deterministic risks are rarely seen with x-ray 
based examinations, as radiation doses 
typically do not reach the threshold level. The 
main cause of concern when it comes to x-ray 
based examinations are stochastic effects as 
they may result into cancer and genetic effects. 
The probability of stochastic effect depends 

upon the absorbed dose. Therefore there is a 
need for radiation protection.[18] 

Medical imaging techniques are a necessary, as 
sometimes it is lifesaving. However, the use of 
medical imaging with high-dose radiation, 
including CT and fluoroscopy procedures that 
utilize continuous X-ray beams, has soared in 
the last 2 decades. In fact, interventional 
radiologists receive more radiation dose than 
workers in nuclear power plant per year on 
average. Several advocacy organizations, 
including Image Wisely and Image Gently in 
the U.S., and now the EuroSafe Imaging are 
against the hazards of too much radiation. 
Additionally, numerous international guidance 
standards have been developed, such as ICRP 
105 (Radiation Protection in Medicine). The 
EU industry regulation and upcoming European 
Commission standards that was introduced 
recently will also have similar guidelines as that 
of the U.S. Joint Commission rules 2015 on 
patient dose, with expanded requirements for 
clinical decision support. While all of these 
coalitions are promising, there is a need of a 
structured radiation safety programs  to ensure 
patient examinations are justified and dose 
levels are optimized�[3] Therefore all medical 
procedures involving X-ray equipment must be 
carefully managed.  

The International Commission on Radiological 
Protection (ICRP) has formulated three 
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fundamental principles for radiation protection: 
justification, optimization of protection, and 
application of dose limits. In Justification 
principle, for patients, the risk associated with 
the exposure to radiation must always be 
weighed against the clinical benefit of an 
accurate diagnosis or treatment. Justification 
states that, the anticipated clinical benefits 
should exceed all anticipated procedural risks, 
including radiation risk. The second principle 
optimization states that in all facilities and for 
all equipment types, procedures must be in 
place in order to ensure that exposures to 
patients, staff and the public are kept as low as 
reasonably achievable, taking into account 
economic as well as societal factors. The third 
principle is application of dose limits. These 
regulatory dose limits have been established for 
radiation workers and the general public (see 
table 1.), but these limits do not apply to doses 
received by a patient undergoing medical X-ray 
procedures. Therefore, there must always be a 
conscious effort to reduce patient doses to the 
lowest practical level along with optimal 
quality of diagnostic information. An effective 
radiation protection program while maintain a 
high quality medical imaging service should be 
established through cooperation between 
medical professionals and technologists.[2][18] 

 

Table 1. Current regulatory dose limit conditions[12] 

Interventional radiologist are very much aware 
of the damaging effects of these procedures and 
do their utmost to prevent them. They carefully 
plan each interventional procedure which 
includes consulting the referring physician, 
providing detailed explanation of the procedure 
and its benefits and risks to the patient, and 
obtaining informed consent, but it lacks in 
specific aspects of radiation dose management 
for the patient and radiation protection for the 

staff. The recent increased emphasis on 
radiation safety, an essential component of 
safety for these procedure has reaffirmed the 
need for better training and advice on radiation 
dose management. Radiation management 
should become an integral part of routine 
procedure planning, performance, and post 
procedural follow-up.[5] The development of 
comprehensive, radiation dose-management 
programs provides a systematic way for 
hospitals to track, report and monitor radiation 
dose and eliminate unnecessary exposure. This 
will ensure that the right test is performed on 
the right patient with the right dose.[6] 

Complex image-guided procedures require 
extensive expertise and awareness of every 
minute detail. The team which includes 
radiologists, radiologic technologists and 
radiation physicists must make sure that all 
dose management principles should be 
followed and must give radiation safety 
measures the same importance as every other 
safety issue. This in turn will ultimately result 
in shorter procedure times, shorter fluoroscopy 
times, and optimized radiation use.[5] 

2. DOSE MANAGEMENT  

The appropriate use of radiation is an important 
patient safety and quality issue. Radiation dose-
management programs should focus on 
determining the right test at the right dose in a 
timely fashion. Adhering to appropriate 
radiation reduction techniques and using 
protective devices will minimize radiation 
exposure. It can be substantially reduced by 
using proper body or part immobilization, 
motion reduction techniques, appropriate beam 
limitation devices and adequate filtration of the 
x-ray beam and specific area shielding. 
Selection of suitable technical exposure factors 
used in conjunction with either high-speed 
screen film combinations or computer-
generated digital images, correct radiographic 
film-processing techniques or appropriate 
digital image processing, and the elimination of 
repeat radiographic can also contribute 
significantly to limit patient exposure during 
diagnostic x-ray procedures. Figure 1 shows 
some standard dose management techniques. [7] 
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Fig. 1. Standard dose management techniques in the operating room.[9]

 

2.1 Imaging Equipment 

X-ray interventional procedures provide many 
imaging options like fluoroscopy and CT. 
These imaging options should be used wisely, 
so that it provides better imaging of normal and 
abnormal anatomy and better guidance for 
interventions.[5] Accurate imaging and 
guidance in turn can improve the 
interventionalist’s performance and shorten 
procedure time. 

Radiation dose can be quantified in different 
measurements and units. First is the absorbed 
dose which is the intensity of energy absorbed 
by a tissue in body. Its unit of measurement is 
milligray (mGy). Second method is the 
equivalent dose which takes into account the 
amount of damaging properties of different 
types of radiation or it is the impact that the type 
of radiation has on that tissue. And its unit is 
millisievert (mSv). The most important one is 
the effective dose which takes into account the 
absorbed dose to all tissues as well as relative 
impact of the radiation and the sensitivities of 
each tissue. Its unit of measurement is mSv and 
is most useful when it comes to long term risk 
from a procedure as the other two are for short 
term. [2] In the table 2 you can see exposure 

values   for different procedures involving x-
rays.  

 

  

Table 2.  Typical patient surface exposure values for 
various x-ray procedures.[19] 

In case of fluoroscopic procedures, there are 
four units for estimation of radiation dose: peak 
skin dose, reference dose, kerma-area product 
and fluoroscopy time. Peak skin dose is 
measured in grays and it is the highest radiation 
dose at any part of patient’s skin during a 
procedure. But peak skin dose do not provide 
real-time measurements. Reference dose also 
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measure in grays is the air-kerma accumulated 
at a specific point in space relative to the gantry. 
It is the approximation of total dose to skin. 
Kerma-area product (KAP) measured in gray 
per centimeters square (Gy.cm2) is measure of 
total x-ray energy leaving the tube and is widely 
used in Europe to monitor patient dose during 
interventional procedures. Fluoroscopy time is 
the measure of time and does not indicate the 
dose. [18] 

All modern X-ray systems use pulsed 
fluoroscopy where the operators can change the 
pulse rate for a given procedure. Pulsed 
fluoroscopy means delivering bursts of 
radiation at set intervals instead of continuous 
which results into large radiation doses. But 
here it should be noted that the pulse rate should 
be of reduced dose. Positioning of the image 
receptor should be as close as possible to the 
patient and the distance between the patient and 
the x-ray tube should be maximum as possible. 
Change the imaging beam angle, when the 
procedure is of longer duration, so that the 
primary beam entrance site is changed and peak 
skin dose is minimized as there is spreading of 
dose. Also, avoidance of steep angulations will 
decrease effective patient thickness, radiation 
dose rate, scatter radiation, and staff exposure. 
Utilization of collimation will decrease scatter 
radiation. Other standard dose-saving features 
include last image hold and store. Here when 
fluoroscopy is stopped, an image continues to 
be displayed on the monitor. The last image 
hold/save grab feature allows the image to be 
saved, thus reducing the need for another 
exposure. The patient’s dose is decreased 
proportionally, the more frequently this option 
is used. Automatic beam filters based on 
calculated patient thickness and SID 
information provides improved optimization of 
dose and image quality for each clinical case. 
Variable dose mode offers joystick on the 
tableside console, the clinician can choose pre-
programmed fluoroscopy modes. Fluoroscopy 
modes includes standard dose mode and high 
dose mode. In each case standard dose mode 
should be used. The DSA runs, usually 
performed for diagnosis and documentation, are 
responsible for about twice the radiation dose of 
the fluoroscopy-guided portion of the 
procedure. Here the radiation dose can be 
significantly reduced by using techniques like 
storing fluoroscopy loops where the image can 

be stored and reviewed or representative images 
extracted from fluoroscopy loops instead of 
obtaining and storing higher-quality DSA 
images. This approach can be used in addition 
to standard techniques for dose saving, such as 
decreasing the number of DSA images per run 
and performing DSA at a lower dose rate. [5] 
Overall, Different combinations of dose levels,  
pulse rates and image processing parameters 
optimize dose rates and image quality for 
various study protocols. Also notification of 
dose values during the procedure is also 
essential. The staff should monitor and notify 
the operator so that excess dose is not given. 
The notification values are given in table 3. The 
complete summary including some other 
standard dose reduction strategies can be seen 
in table 4.[14][18] 

Table 3. Typical values for first and subsequent 
notifications & substantial radiation dose level [12] 

Table 4. Essentials for patient and occupational dose 
management[5] 
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In case of CT, the radiation dose descriptor is 
CT dose index or CTDI. It integrates the dose 
delivered both within and beyond the scan 
volume. The unit of CTDIvol is mGy. The other 
metric for measurement in CT is dose length 
product (DLP) which takes scan length into 
account. It is product of scan length and 
CTDIvol. Therefore, its unit is mGy.cm.�[11] 

In CT the radiation dose is affected by scanning 
parameters which includes: 

Scanner geometry 

A single or multi detector helical CT scanner 
can have a long or short geometric 
configuration. And going by the definition of 
inverse square law, a short geometric scanner 
has more interaction of radiation with patient as 
compared to long. [11] 

Tube current and potential 

Decreasing the tube current is the most efficient 
way of reducing dose in CT. Reducing dose by 
50% reduces radiation dose by half as it is 
proportional to the number of photons defined 
in an exposure time. Tube potential also causes 
a substantial change in radiation dose as it 
determines the incident x-ray energy. [11] 

Scanning modes 

It is always better to use a single helical scan as 
compared to multiple as multiple scan results 
into some amount of unused radiation which 
extends beyond the imaging region during 
initial and final acquisition. [11] 

Scanning length 

In helical scanner there is general possibility to 
increase the area of coverage beyond the region 
of interest which in turn increases the effective 
dose. Therefore, the examination should be 
restricted within the region of interest. [11] 

Pitch, table speed and collimation 

For a helical scanner, pitch is defined as table 
distance travelled in one 360° gantry rotation 
divided by the total collimated width of the x-
ray beam. Therefore, all three parameters are 
interlinked to each other. For a given 
collimation with faster table speed resulting in 
higher pitch will eventually reduce the dose. [11] 

Gantry rotation time 

It is defined as the time taken by x- ray tube to 
complete one rotation of CT gantry. When the 
speed of rotation increases, the rotation time is 
decreased, in turn decreasing the exposure time 
and ultimately reducing the radiation dose. [11] 

2.2 Dose Recording/Monitoring 

European regulations and guidelines suggest 
that patient doses from interventional 
procedures should be measured and recorded as 
part of the quality assurance programs. The 
likes of CT and fluoroscopic devices should 
provide radiation dose information for use in 
patient medical records or a radiation dose 
registry. With the introduction of Digital 
Imaging and Communication in Medicine 
(DICOM), it is easy to collect and archive 
dosimetric and demographic data from the 
imaging procedures. Modality Performed 
Procedure Step (MPPS) and the Radiation Dose 
Structured Report (RDSR) are some of the 
services provided by DICOM.[5]  

The regulatory also states that all individuals 
working in areas utilizing X-ray imaging needs 
to wear a personal dosimeter to keep a check on 
individual dose level readings. If an 
individual’s dosimeter records an unusually 
high dose, a review of their practice patterns 
may benefit the individual, staff, and patient.[12] 

2.3 Shielding 

It is mandatory to wear protective garments by 
all persons who are in the procedure room when 
the X-ray beam is on.  These garments are 
especially designed to protect the gonads, chest, 
abdomen, as they are very sensitive to radiation. 
The standard apron should be of 0.5-mm 
thickness of lead equivalent which can stop 
approximately 95% of scatter radiation. 
Radiation specific eye protection has been 
found to be effective as well. The glasses must 
fit properly for both protection and comfort, 
provide 0.25-mm lead equivalent protection, 
and have additional side shielding. Fixed 
barriers such as ceiling mounted shielding 
provide additional protection from scattered 
radiation. The part of the patient which is not 
being imaged should be protected by a 
transparent ceiling mounted shield with a 
patient contour cutout. Disposable radiation-
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absorbing patient sterile drapes will also help in 
reducing dose to staff. [12] 

2.4 Training/Education 

New systems have a variety of options and 
control modes, therefore detailed knowledge of 
the system and comprehensive training are 
required in order to ensure dose optimization. 
Medical physicists, physicians, and 
radiographers need to master the specific 
features of individual units of these new 
systems as they act as an interface between 
patients and imaging technology.[5] Therefore, 
education and training are keys to success for 
this ever evolving fast paced technological 
development and special attention must be 
given to it for dose management. [6] 

MEDRAPET (Medical Radiation Protection 
Education & Training) is a project under 
consortium of 6 European professional 
societies that aims to provide radiation 
protection education in Europe. It focuses on 
evaluating the current condition of radiation 
protection education and training of medical 
professionals as well as legislation and 
conducting workshops for training in radiation 
protection by health professional societies and 
national health authorities in Europe and as well 
as development of European guidance 
documents on radiation protection of medical 
professionals . The main aim of the 
MEDRAPET project is recognizing the needs 
in radiation protection training. The results of 
the project will form the basis for the revision 
of the Guidelines on Education and Training in 
Radiation Protection. [17] 

3. TECHNOLOGICAL ADVANCES  

Along with the strategies and technologies 
discussed above there are various other 
technological advances in modern systems 
using x-ray. These advances are in terms of 
hardware, monitoring, workflow and image 
reconstruction algorithms. Following are the 
technologies and advances in the modern x-ray 
systems of leading manufacturers.   

3.1 Advances in Tracking and Monitoring 

Technology 

Toshiba has developed an innovative automatic 
dose tracking system (Fig. 2) that provides 
interventionalists with real-time data on the 

delivery of radiation during interventional 
procedures in the form of a detailed, easy-to-
read color coded human map. This intuitive 
graphic aid highlights, with changing colors, if 
and when a targeted area of radiation 
distribution should be changed to a feature 
'spread the skin dose'. This enables operators to 
instantaneously monitor and minimize patient 
radiation exposure and therefore significantly 
reduce the risk. [8] 

 

Fig. 2. Toshiba's new dose tracking system[8] 

DICOM dose structured reporting are used in 
smart CT systems for recording dose 
information in standardized electronic format 
thus providing diagnostic reference level and 
quality assurance.  

DoseWise Portal 2.0 from Phillip's and 
DoseWatch Explore from GE healthcare are 
similar technologies for dose management. 
These are web-based softwares to track, 
analyze and report practical data including 
patient radiation exposure and store it in one 
central application via web. [9] [13] 

A built-in Dose Check alarm (Fig. 3) can be set 
in CT system to notify operators if an unsafe 
level of exposure is being requested while 
creating a protocol. In addition, the Radiation 
Exposure Monitoring Profile is available in the 
latest software. Its function is to automatically 
record all scanning data to accurately track the 
amount of dose for a particular patient or study. 
[8] 

 

Fig. 3. Built in dose alarm system.[8] 
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3.2 Advances in Workflow 

Artis Zeego system from Siemen's provides 
intelligent dose optimization. It adjusts to each 
individual patient and angulation. Other 
benefits are Automatic Exposure Control 
(AEC) which automatically adjusts the 
following five parameters depending on the C-
arm angulation: tube current, exposure time, 
filteration, focal spot, and tube voltage. This 
maintains an optimal balance between image 
quality and dose – at all angulations. The 
robotic technology enables faster, smoother, 
swifter scanning thus resulting in lower dose. 
[16] SUREExposure 3D from Toshiba also 
provides automatic exposure control that can be 
programmed into every examplan preset. Based 
on the user-specified level of image quality and 
the automatic attenuation measurements 
obtained from the patient scanogram, the tube 
current is automatically adjusted in the X, Y 
and Z planes to maintain image quality at a 
constant level. As a result, SUREExposure 3D 
alone can achieve a dose reduction of up to 40% 
depending on the individual patient and the 
anatomy to be scanned. [8] 

Combining the benefits of helical scanning and 
ECG gated exposure control, SURECardio 
Prospective from Toshiba is able to rapidly 
pulse the x-rays on and off, thus exposing the 
patient only during the cardiac phase or phases 
required for the diagnostic task. In addition to 
achieving a reduction in patient dose of up to 
80%, this proprietary multi-detector scanning 
technique also facilitates rapid, consistent 
acquisitions and shortens exam times. [8] 
ECG gated scanning with slower pitch is 
performed for the heart, then smoothly 
switching to non-gated scanning with a faster 
pitch for the remainder of the chest. Variable 
Helical Pitch can achieve a reduction in 
radiation dose of up to 55% compared to a 
traditional scan. In addition to this, the amount 
of contrast medium can also be immensely 
decreased due to the shorter acquisition time. [8] 

Spot Fluoroscopy allows fluoroscopy to be 
performed within an ROI while holding the last 
image outside the ROI. This reduces the patient 
input dose area and the scatter dose to the 
clinicians, and is particularly beneficial in 
applications requiring prolonged fluoroscopy. 
Spot Fluoroscopy is a unique feature in Toshiba 
with freely adjustable ROI sizes and collimators 

that allows asymmetric collimation for off-
center fluoroscopy� [8] 

3.3 Advances in Hardware 

The MegaCool x-ray tube (Fig. 4) used in CT 
systems by Toshiba, incorporates technology to 
reduce dose right at the x-ray source. It employs 
a proprietary PureFocus design that minimizes 
focal movement and virtually eliminates off-
focal x-rays thereby reducing unnecessary 
radiation to the patient. This innovation features 
a durable copper alloy to absorb recoil electrons 
that may produce unwanted off-focal x-rays. 
Also, at both ends of the anode axis there is 
bearing supports, which adds stability and 
reduce variation in the beam, permitting high-
quality imaging to be performed at much 
quicker speed with minimum additional patient 
dose from the penumbra. [8] 

Fig. 4. Traditional x-ray tube vs Toshiba's 
MegaCool. [8] 

CT systems can utilize Contour adaptive bowtie 
filters to shape the X-ray beam and remove 
lower energy photons before it passes through 
the collimators and reaches the patient. These 
low energy photons only contribute to patient 
dose and not to image signal, therefore dose 
efficiency of the scanner is improved. By 
shaping of the beam, bowtie filters can ensure 
the uniform distribution of photon flux along 
the detector and high image quality. [8] 

The Quantum detector has the ability to obtain 
precisely machined 0.5 mm detector elements 
which enables the use of ultra-thin septa to 
optically isolate the elements resulting in an 
extremely high (greater than 90%) geometrical 
efficiency in the z-axis minimizing patient dose 
requirements� [8]��

Easily removable grid on the flat detector 
makes it possible to visualize small anatomy 
and extremities with great image quality and 
excellent x-ray dose efficiency. [9] 
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Adaptive Dose Shield from Siemens eliminates 
over-radiation pre- and post-spiral to the patient 
.It is unique to the CT as the shield moves 
dynamically into place on the X-ray tube it 
blocks clinical irrelevant dose. The Adaptive 
Dose Shield dynamically opens at the 
beginning of a spiral range and then 
dynamically closes at the end. Therefore, all 
clinically irrelevant dose is eliminated. [16]  

Computer modelling and iterative design of 
gantry can ensure, that it operates with 
negligible vibration and with minimal 
electronic noise. Due to this, the potential for 
signal degradation from within the gantry is 
minimized. Specialized stealth paint can be 
applied to the gantry cover itself which works 
to shield against extraneous EMF interference. 
This practise of eliminating noise from the CT 
system increases the signal to noise ratio of the 
acquired images, allowing lower dose scans to 
be performed routinely. [8] 

3.4 Advances in Image processing 

technology 

Toshiba has developed Boost3D, which 
employs an adaptive 3-dimensional algorithm 
which reduces pattern noise and streak artifacts. 
This reduction in noise and streak artifacts 
caused by photon starvation, the Boost3D 
software eliminates the need to increase the 
dose to obtain images of diagnostic quality. [8] 

AIDR 3D from Toshiba is an advanced iterative 
reconstruction algorithm. It adaptively removes 
photon noise in the 3D raw data domain, 
followed by model-based iterative noise 
reduction in the reconstruction process. AIDR 
is able to eliminate up to 50% of image noise, 
resulting in a dose reduction of up to 75%.[8] 
Similarly, ADMIRE2 (Siemens‘ Advanced 
Modeled Iterative Reconstruction) will 
improve the clinical images through higher 
resolution at organ borders and improved 
delineation of edges. Additionally, ADMIRE 
smoothly integrates iterative reconstruction in 
daily routine. Thick slices are now 
reconstructed at a more natural image 
impression, even from ultra-low dose scans. 
With this, iteratively reconstructed low dose 
datasets can now easily be stored in PACS or 
on film. [16] 

3.5 Training/Education programs  

 

Siemens CT Dose Management Program – 
provides functionalities like CARE Analytics to 
report, document, and analyze dose. 
EduCARE is dedicated training program from 
Siemens that focus on key technologies of CT 
systems and their application in clinical 
practice. Exclusive tutorials, brochures, e-
trainings, and webinars covering a wide range 
of topics related to achieving the right dose. 
Optimize CARE CT is a new consultancy 
program provided by Siemens Customer 
Service. Here, Siemens professionals guide 
users towards optimizing the use of radiation in 
order to reduce dose. [16]   
SIERRA – the Siemens Radiation Reduction 
Alliance Comprised of 15 international experts, 
creates recommendations for clinical practice 
around the globe for dose reduction in CT. The 
main objective of this alliance is to generate 
proposals or ideas for how manufacturers may 
continue to develop their technology and to 
help users better adapt their procedures in order 
to bring about further dose reduction in CT. [16] 

 

4. EFFECT OF NEW TECHNOLOGY 

Introduction of new technology does not 
guarantee lower radiation doses as most 
interventionalists have a limited knowledge of 
the advanced technical features of current 
interventional X-ray systems. Recent 
introduction of Hybrid rooms which 
incorporate multiple imaging modalities and 
treatments, presents additional challenges and 
potential radiation hazards to the patient and 
staff. These rooms are typically staffed with 
large numbers of personnel, including 
surgeons, interventionalists, anesthesiologists, 
nurses, and radiographers. In most cases, only 
some members of the staff can use protective 
shields. Apart from that, these rooms have a 
limited safe space for the numerous operators as 
the operating table cannot be completely 
surrounded by ceiling-suspended or table-
mounted shields. Therefore, having a better 
understanding of these new technologies will 
improve decision making during buying and 
using these systems. [5] 

When sophisticated and expensive equipment 
becomes available in hospitals and imaging 
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centers, there is an inevitable pressure to 
expand applications. This eventually leads to a 
rapid increase in the number of protocols and 
ultimately, to protocol variance and 
complexity. It is essential that all medical staff 
be educated in radiation management, trained in 
the complexities of the modern systems they 
use, and be aware of the imaging protocols and 
operating modes. It is also expected that 
simulation will play an important role in 
training new practitioners and maintenance of 
skills for current practitioners. [15] 

Another big challenge in dose management 
strategy is to track and monitor the dose. It is a 
problem as there is vast amount of data 
generated from imaging equipment throughout 
the organization. Additionally, these equipment 
are in multiple location as well as they are from 
different vendors. Therefore, an effective dose 
strategy has to cover more than just one type of 
equipment or procedure. It must be capable of 
automatically capturing accurate data from 
imaging equipment throughout the 
organization. [13] 
 

5. FUTURE SCOPE & CONCLUSION 

Till recent years, the data collected from 
imaging equipment by hospitals, clinics or 
other healthcare providers were considered to 
be useless as 90% of generated data were 
discarded. [13] 

Regulating bodies such as Image Gently, Image 
wisely, European industry regulation and 
commission standards have forced health 
systems and radiologists to rethink their 
equipment, protocols, and tracking mechanisms 
in order to ensure full reimbursement and 
accreditation. [4] And now monitoring radiation 
levels is of utmost importance for both 
providers and manufacturers, especially after 
The Joint Commission’s new standards� have�

been introduced in July 2015� This has led 
hospitals to establish stricter radiation dose 

management processes and to begin focus on 
designing and implementing this new data into 
existing radiation safety programs.[3] With the 
inventions of advanced technological tools for 
tracking, monitoring and recording of dose 
information, the healthcare providers needs to 
productively use these collected data in any 
meaningful way as a quality benchmarking 
tool. [3] An integrated program of evidence-
based best practices can aid them in capturing, 
tracking, reporting and monitoring radiation 
dose at the patient level, across the 
organization, integrated along with PACS and 
RIS. [13] Therefore, the organizations will 
require enhanced interoperability and IT 
integration of both staff and patient dose data to 
accurately capture, track and measure 
information to assess quality for long term. [3] 

The time is now for manufacturers, regulators 
and healthcare providers to work together to 
develop and implement cost-effective, realistic 
and meaningful programs to monitor radiation 
dose. For hospitals to comply with the new 
standards introduced by the Joint and European 
Commissions, support is needed to develop and 
sustain these programs. Therefore, establishing 
partnerships, including education on best 
practices to manage dose data, as well as 
technical support in performance quality for 
improved dose optimization will become 
critical for the future success of radiation safety 
programs. [3] 

In the year ahead, imaging manufacturers will 
assist in data-driven decisions that are backed 
not only with innovative tools to effectively 
monitor and track radiation dose levels, but also 
with sustainable programs to further educate 
providers and improve radiation dose 
management, ultimately allowing for a safer 
future in diagnostic radiology� [11] A New 
Radiation Dose Philosophy: "Understand, 
Integrate, Educate, Improve" will eventually 
help in reduction of dose in future. [3]

�

. 
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Abstract—Selective internal radiation therapy (SIRT) 

also known as radioembolization is a targeted treatment 

for non-operable liver tumors, which delivers millions of 

radioactive microspheres directly to liver tumors. 

Biocompatible microspheres which are embedded with 

Yttrium-90 deliver beta radiation to the target area, and 

they are also small enough (about 32 microns in 

diameter) to flow through hepatic arteries. The 

treatment is well tolerated with high level of efficacy. 

The main complications are caused by traveling 

microspheres into the gastrointestinal tract, which pass 

from the liver.  Novel approaches must be introduced to 

compensate the limitations in this method. 
 

Index Terms—Selective internal radiation therapy; 

Radioembolization; Yttrium-90; Gastrointestinal tract 

 
Abbreviations—SIRT, Selective internal radiation 

therapy; HCC, Hepatocellular carcinoma; 
90

Y, Yttrium 

90; CRC, colorectal cancer; HDE, Humanitarian device 

exemption; GDA, Duodenal Artery; RGA, Right gastric 

artery; MAA, Macro-aggregated albumin; SPECT, 

Single photon emission computed tomography; Lung 

shunting fraction, LSF ; BSA, Body surface area; WHO, 

World health organization; RECIST, Response 

evaluation criteria in solid tumors;  MRECIST, 

Modified response evaluation criteria in solid tumors; 

EASL, European association for the study of the liver; 

PRS, Post-radioembolization syndrome  

 

I. INTRODUCTION 

  Sixty to eighty percent of patients with a history of                               
colorectal carcinoma, breast cancer, neuroendocrine 
tumors, pancreatic carcinoma and other tumors will in 
the end progress liver metastases [1]. In addition, 
primary liver cancer, especially hepatocellular 
carcinoma (HCC), is one of the most common tumors 
which causes cancer related mortality. Since the liver 
is an essential organ and plays a vital role to manage 
the body chemistry, hepatic tumor has a direct effect 
on survival of patients with primary or secondary liver 
cancer [2]. Although resection of liver metastases can 

 
 

result in long-term survival, only 10-20 % of patients 
with metastatic disease are suitable for resection [3, 4]. 
In addition, there are some limitations for the use of 
external beam radiation for the treatment of liver 
tumors. The most important limitation is that a 
radiation of at-least 70 Gy is needed for the destruction 
of solid liver tumors, while the tolerance of normal 
liver is only about 30 Gy [24].  

During recent years, selective internal radiation 
therapy (SIRT) or radioembolization has been 
developed in the treatment of primary or secondary 
liver cancer. In this method, radioactive particles 
(microspheres) deliver high dose of radiation via the 
hepatic artery, and lodge in the tumor blood vessels, 
where they emit their radiation locally and kill active 
tumor cells [5, 6]. Liver tumors are fed predominately 
from the hepatic artery while the normal liver is 
supplied by the hepatic portal vein [1]. By using this 
preferential blood supply, the tumor can be selectively 
targeted and radiated while healthy tissues are 
relatively unaffected [6]. 

This review paper focuses mainly on the procedures, 
systems and applications of SIRT, and briefly 
describes dosimetry calculation and tumor response to 
this technique. The new concepts, limitations, and the 
future direction for SIRT have also been discussed.  

 

II. PROCEDURES AND METHODES 

A. Search Strategy and Study Selection 

In this paper, the studies are based on database 
searches. The electronic databases such as PubMed, 
ELSEVIER, Springer, IEEE, and Google Scholar are 
used. All articles were in English without any 
restriction on the date of publication. Following key 
terms were used to search for articles: selective 
internal radiation therapy (SIRT), radioembolization, 
intraarterial radiation therapy, Yttrium-90, 
hepatocellular carcinoma, delivery system for 
microspheres.   

B.  Selective Internal Radiation Therapy 

SIRT is a minimally invasive therapy which can be 
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used in treatment of patients with primary or 
secondary liver tumors that are basically unresectable 
by surgery [2]. Based on the published data, this 
technique usually is used for large tumors which blood 
supply predominantly grows activity rim of the tumor. 
The radioactive microspheres distribute to the activity 
growing rim and provide radiation within an average 
range of 2.5 mm; hence, cause the tumor to shrink 
[25].    

�� �����	
�����	��������	������

1. Radioisotope Materials 

 Microspheres consist of very small beads (20-40 μm 
in diameter). Today, commercial microspheres use 
yttrium 90 (90Y), but a variety of radioisotopes can be 
used for embedding microspheres, including: 198Au, 
63Zn, 51Cr, 32P, 153Sm, 140Ba, 46Sc, 113Sn, 125I, 153Gd, 
166Ho, 57Co, and 90Y [8].  
 Yttrium 90, a pure beta emitter, is an ideal intra-
arterial liver-directed agent for the treatment of liver 
cancer due to its unique properties. It has a short tissue 
penetration (mean range of 3 mm in soft tissue), with 
the maximum and mean particle energies of 2.26 MeV 
and 0.94 MeV [7]. This allows delivery of high 
radiation doses to hepatic tumors with minimally 
affecting the non-targeted tissues [14, 15]. Moreover, 
90Y decays to stable 90Zr and has a physical half-life of 
2.67 days (64.2 h); therefore no activity will be 
remained after 1 month [8].  

2. Microspheres Proper 

�� Different materials have been used for the 
microspheres proper: glass, micropolymer, resin, 
starch, and poly lactic acid. But, there are only two 
commercial 90Y microspheres available and use glass 
and resin materials [8]. SIRSpheres® (Sirtex 
MedicalLtd., Lane Cove, Australia) and TheraSphere® 
(MDS Nordion, Ottaw, Canada). The main difference 
between glass spheres and resin spheres is their 
activity, which in glass sphere is much higher (about 
2500 Bq) compared to resin sphere (about 50 Bq) [2]. 
The former, resin microspheres (SIRSpheres®), were 
fully approved by FDA in the USA for use in 
colorectal cancer (CRC) liver metastases. The later, 
glass microspheres (TheraSphere®), is not fully 
approved by FDA but has a humanitarian device 
exemption (HDE) for the treatment of hepatocellular 
carcinoma (HCC) [13]. 

The available data would suggest that the two 
commercial types of microspheres are effective with 
equivalent targeting aims, despite the differences 
between them (table 1). 
����� 

D. Treatment Protocol 

1. Patient Selection 

Decision on performing SIRT is based on 
collaborative decision by the tumor board including 
medical and surgical oncologists, vascular and 
interventional radiologists, and nuclear medicine 
specialists [9]. The criteria for patient selections are: 
age at-least 18 years, liver tumor larger than 2 cm, 
capability to undergo diagnostic angiography and 
visceral catheterization, life expectancy less than 3 
months, pregnancy, and laboratory findings [19].     

2. Pretreatment Evaluation and Staging 

Once a patient has been selected for Intra arterial 
radiation therapy, pre-treatment evaluation should be 
done to ensure that the therapy is successful. This pre-
treatment evaluation is usually performed 1-2 weeks 
before the procedure [17]. 

2.1  Laboratory Test 

Appropriate laboratory test including liver function 
test and tumor markers should be performed to 
ascertain baseline values. Furthermore, for patients 
with cirrhosis the Child-Pugh classification is 
commonly employed which includes test on serum 
bilirubin, serum albumin, encephalopathy, ascites, and 
the prothrombin time (PT)/the international normalized 
ratio [17].  

2.2 Triphasic Liver CT or MRI 

A triphasic liver CT or MRI is usually performed to 
evaluate extent and location of tumor, relative tumor 
hypervascularity, and variant vascular anatomy [17]. 
Also, CT scan is helpful to identify tumor margin, 
central hypervascularity pattern, and hepatopulmonary 
fraction (Figure 1, A and B) [14].  

2.3 Angiography 

An initial angiography is performed to document the 
hepatic arterial anatomy, evaluate the anatomic 
variants, and patency of portal vein [10, 11]. In 

TABLE 1 [20] 
DIFFERENCES BETWEEN 

90Y MICROSPHERES 

Material Resin Glass 

Brand name SIR-Sphere TheraSphere 

Isotope Attached to the 
surface 

Incorporated into glass 
matrix  

Average size (μm) 32.5 25 

 Specific 
gravity(g/ml) 

1.6 3.6 

Activity per sphere 
(Bq) 

50 2500 

   

GI= gastrointestinal, RUQ= right upper quadrant  
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Figure 1: Treatment with Yttrium-90 of infiltrative 
hepatocellular carcinoma. A and B: The pretreatment computed 
tomography (CT) showing infiltrative hepatocellular carcinoma in 
the IV segment; C: The pretreatment angiogram carried out with 
selective catheterization of the left hepatic artery, arising from the 
left gastric artery, confirms the hypervascularization of the venous 
thrombus; D: The pretreatment 99mTc-MAA single photon 
emission computed tomography image that reveal the 
corresponding uptake of MAA by the region of interest [23].  

addition, angiography is necessary for the occlusion of 
extrahepatic arteries that supply the liver, with coil 
embolization. The common extrahepatic arteries that 
may be coil embolized prior to therapy are the Gastro 
Duodenal Artery (GDA) and the Right Gastric Artery 
(RGA) [14]. 

The GDA runs along the posterior aspect of the first 
part of the duodenum, giving rise to the anterosuperior 
pancreaticoduodenal artery, next to the upper part of 
the pancreas and divides into the inferior 
pancreaticoduodenal artery and the gastro-epiploic 
artery, running to the inferior edge of the duodenum. 
This artery is always present and can be identified both 
on CT and arteriography. This is occluded by coiling 
(hydrocoils or metal coils) prior to the treatment 
because reflux of microspheres into the GDA causes a 
risk of pancreatitis and gastroduodenal ulceration [16].   
The second commonly occluded artery is the RGA, 
which arises from the main hepatic artery [14]. 
Catheterization of RGA often can be performed by 
microcatheter (2.1/1.7 or 2.3/2.8 French)-microguides 
(0.014 in) couples, and 1.5 or 2 mm diameter coils. It 
is important to ensure about the occlusion of the most 
proximal part due to presence of dividing branches 
(Figure1, C) [16]. 

2.4 Technetium-99m Labeled (
99m

Tc-MAA) Scan 

 In order to assess the presence of extra hepatic 
shunting, 99mTc-macro-aggregated albumin (MAA) is 
injected, and image of liver, lungs, and abdomen is 

obtained with single photon emission computed 
tomography (SPECT) combined with computed 
tomography (CT) [6]. Because the MAA aggregates 
are of comparable size to the microspheres, their 
distribution after hepatic arterial delivery will be 
similar to that of administered micro-spheres (Figure 
1, D) [13]. The material should not be administrated if 
there was significant shunting to the lungs or other 
organs (Figure 2) [12]. 

 In every patient, calculation of the lung shout is 
performed in order to prevent the deposition of critical 
level of activity in the lungs. By means of Lung 
Shunting Fraction (LSF), it would be possible to 
reduce the total administrated dose of microspheres to 
the liver so that the amount of radiation dose to the 
lungs is reduced [6]. If LSF is less than 10%, reduction 
in dose is not necessary. If it is 10-15%, the dose 
should be reduced by a factor of 20%, and for LSF 15-
20%, the dose should be diminished by the factor of 
40%. For LSF greater than 20%, treatment is not 
successful [17].  

The cumulative absorbed radiation dose to the lungs 
(Gy) can be calculated as follows: 

 
=50 � lung mass ���                            (1)  
 

A=activity infused, n= number of infusions, and total 
lung mass is assumed to be 1 kg. LSF (lung shunting 
fraction) can be calculated from total counts within 
regions of interest over the livers and both lobs, using 
the geometrical mean of the anterior and posterior 
projections [6]. 

2.5 Dose Calculation for Microspheres 

 First approach to quantify the radiation dose 
delivered via radioactive microspheres date back to the 
early 1950s using animal models. An important 
limitation for SIRT is the amount of dose to the liver 
because an excessive dose to the normal liver 
parenchyma may lead to liver failure. The spatial 

Figure 2: Tc-99m Macroaggregated albumin scan. A: Scan
showing some isotope distribution to the duodenum and pancreas.
This was due to pancreaticoduodenal artery that had not been
ligated. Selective internal radiation therapy was not administered.
B: Planar TC-99m scan demonstrating high LSF (76%) [13,17] 
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distribution of the microspheres is crucial which is 
very different for the two types of spheres. For resin 
microspheres, the dose absorbed by the normal liver 
should be kept lower than 40 Gy to minimize the risk 
of liver failure [23]. 

2.5.1 Resin Spheres 

There are two methods to calculate the dose for resin 
spheres. The first method is based on the extent of 
tumor burden which per 25% tumor burden the 
recommended activity is 0.5 GBq. The second method 
utilizes body surface area (BSA, is measured in square 
meters) [18]: 

 
BSA (m2) = 0.20247 × height (m) 0.725 × weight (kg) 
0.425                                                                          (2)      

   

The activity (A) of the resin spheres can be calculated 
as in (3): 
 

A (GBq) = (BSA-0.2) + 
����	 
����� 


����� 
���	 
�����
                   (3) 

 
To obtain the liver volume, CT or MR imaging is 
performed [14].  

2.5.2 Glass Spheres 

The following equation can be used to calculate the 
activity of glass spheres: 

 

A (GBq) =  

 
�
 
� �

��
                                         (4) 

 
A is activity, D is target dose, and M is the target liver 
mass. The dose delivered to the tumor is not known by 
the above formula; hence, by supposing that tumors 
have a higher vascularity than normal parenchyma, the 
prescribed dose is a minimum dose which is absorbed 
by the tumor in order to prevent liver fibrosis [23].   It 
should be noted that intrinsic differences between the 
two types of microspheres such as their different 
numbers and specific activities are responsible for the 
different distribution of the microspheres inside the 
tissues, which is more uniform for resin than for glass 
microspheres [23]. 

3. Administration Set-Up 

The administration of the SIR-Spheres Y-90 
microspheres must be performed by an Interventional 
radiologist. This technique uses Y90 impregnated   
glass or resin microspheres, which are transferred to 
liver tumors by inserting a catheter into the hepatic 
artery on the X-ray guidance (figure 3). The diameters 
of the glass or resin microspheres (20-30 microns 
versus 20-60 microns, respectively) allow them to 
become permanently implanted in the terminal 
arterioles of the tumor [14].  

3.1 Delivery Apparatus 

  

3.1 Delivery Apparatus 

Delivery apparatus is a new system designed by 
SIRTEX company for delivery of SIR-Spheres 90Y 
resin microspheres which provides a safe environment 
for the implant procedure. It consists of a delivery set, 
delivery box, a V-Vial holder, microspheres, and two 
20 ml syringes filled with water for injection (figure 4) 
[3]. The delivery box with the V-Vial holder shields 
the operating room staff from beta radiation emitted by 
microspheres. The delivery set and V-Vial are used for 
the delivery of microspheres [25]. 

 Microspheres can be administrated via the hepatic 
artery by one of two ways: a trans-femoral catheter, or 
an implanted hepatic artery port. If a needle is used to 
puncture an implanted hepatic artery port, the internal 
diameter of the needle should not be less than 0.65mm. 
If a port is used to deliver microspheres, the catheter 
must be placed correctly so that the microspheres go  

 

Delivery Box 

Figure 4: Full delivery set of SIR-Spheres Y-90 resin microspheres 

and administration tools. 

Figure 3: Administration of microspheres. A: catheter passage 
way; B: The catheter is guided through the artery into the liver; C: 
The microspheres are administrated through this catheter. 

Delivery Set 

Liver Tumor 
Catheter 
Tip 
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only to the liver not to any other organs. If a trans-
femoral catheter is used, its internal diameter should be 
large enough to prevent blocking. In most cases, use of 
micro-catheter is preferable [25]. 

The delivery apparatus should be assembled in close 
proximity to the patient. And each line is placed 
correctly in the delivery box. When the apparatus is 
fully assembled, the water from the syringe on the tube 
D is injected which cause the microspheres to agitate 
and pass into tube C and then into tube A that is 
connected to the patient. It is important to inject slowly 
at a rate of not more than 5 mL per minute, in order to 
reduce the possibility of the microspheres refluxing 
back down the hepatic artery and into other organs 
[25].  

3.2 Trans-Femoral Implantation 

 In this method of implantation, the hepatic artery 
catheter is inserted via the femoral artery under X-ray 
guidance. When the catheter has been correctly placed 
in the hepatic artery, the end of the catheter is 
connected to the microspheres delivery set. Then SIR-
Spheres microspheres delivered into the trans-femoral 
catheter. During procedure, the surgeon should 
periodically stop the delivery of microspheres and 
inject contrast agent through tube B and perform 
fluoroscopy. This is an important step to ensure the 
catheter remains correctly and no reflux is occurring 
[25]. 

3.3 Hepatic Artery Port Implantation   

 This method of implantation is used if the port were 
also to be used for other treatment, such as hepatic 
perfusion chemotherapy. This is commonly performed 
for patients with liver metastases and chemotherapy is 
added to enhance the effect of SIR-Spheres 
microspheres. For this method, the hepatic artery 
catheter is placed into the arterial supply of the liver so 
that all the liver is irradiated. Before implantation of 
microspheres, several factors should be noted. These 
may include removal of primary cancer elsewhere, 
removal of the gallbladder or the implantation of the 
port and catheter [25].       

4. Post-Treatment Assessment  

After treatment procedure, patients undergo post-
treatment imaging and laboratory evaluation to assess 
the response to treatment [17]. The time interval for 
post-treatment assessment varies among authors and 
clinical institutions.   

4.1 Post Treatment Imaging 

Post treatment imaging usually shows any change in 
both the appearance of the tumor and the liver 
surrounding (figure 5) [23]. According to the study by 
Riaz, Awais, and Salem, cross-sectional enhanced 

imaging (triphasic CT or MRI) is obtained at 1 month 
following treatment and at 3 month intervals following 
the first post-treatment imaging. This procedure is 
done to evaluate response to treatment, or lack thereof 
[17]. Usually, computed tomography is capable of 
identifying changes in the tumor size and alterations in 
vascularity; however, magnetic resonance imaging, 
especially diffusion-weighted imaging (DW-MRI) 
identify necrosis and cell death [23].  Furthermore, for 
evaluating post-treatment technical success and 
assessing treatment efficacy, Bremsstrahlung 
SPECT/CT and/or PET/CT are being investigated [17]. 
In a study conducted by Gupta et al. has reported a 
case of aberrant delivery of 90Y to the duodenum 
identified on PET/CT which performed after intra 
arterial radiation therapy or radioembolization [18].  

4.2 Post Treatment Laboratory Evaluation    

Laboratory tests are usually performed 1 month 
following treatment which include liver function 
studies, complete blood count and tumor markers 
(alpha-fetoprotein for HCC) [17].     

E.  Tumor Efficacy 

There are four guidelines to assess tumor response 
following therapy, World Health Organization (WHO), 
Response Evaluation Criteria in Solid Tumors 
(RECIST), Modified Response Evaluation Criteria in 
solid tumors (mRECIST), and the European 
Association for the Study of the Liver (EASL) [14].  
The mRECIST which is an amended version of 
RECIST, suggests the concept of viable tumor and 
evaluate the tumor response after therapeutic strategy. 
The EASL guidelines fulfills the limitations of the 
both WHO and RECIST guidelines, which are based 
on systematic resulting in limitation for loco-regional 
therapies such as SIRT [14].   

Rhee and Naik in their study investigated the use of 
diffusion-weighted imaging DWI application in early 
determination of the response or failure of Y-90-SIRT 
in HCC [19].  

Figure 5: Post treatment assessment. A: Pretreatment computed 
tomography (CT) shows a large central hypervascular lesion (black 
arrow); B: CT 3 months after SIRT showing a significant reduction 
in lesion size [10]. 
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III. COMPLICATIONS OF SIRT  

A. Clinical Complications 

Even though the studies have shown that SIRT using 
90Y is a safe and efficient treatment for unresectable 
liver cancers, several complications after therapy may 
occur (table 2) [17]. For instance, patients may 
experience post-radioembolization syndrome (PRS) 
includes fatigue, nausea/vomiting, abdominal 
pain/discomfort, and cachexia [17].  Other 
complications include: hepatic dysfunction, biliary 
sequelae, radiation pneumonities, gastrointestinal (GI) 
complications, acute pancreatitis, thrombocytopenia, 
radiation dermatitis, contrast induced nephrotoxicity, 
allergic reaction to iodinated contrast media and 
vascular injury [14].  

B. Technical Limitations 

Catheterization of the Right Gastric Artery (RGA) is 
the main problem in occlusion of extrahepatic arteries 
because of its narrow diameter, tight proximal angle, 
and a great number of anatomical variants [16]. To 
facilitate catheterization during arteriography, 
multiplanar CT reconstructions are helpful in some 
cases to identify its angle [16]. Current investigations 
suggest several technical options to occlude RGA, but 
they bring other complications such as ischemia 
cholecystitis [16].  

IV. NEW APPROACHES 

 According to literatures description, the first work 
with radioactive microspheres dating back to the 1940s 
for the treatment of lung tumor. In addition, 
application of microspheres with a variety of materials 
and radioisotopes for hepatic malignancies dates back 
several decades. Clinical investigation of SIRT in this 
modern form dates back to the 1980s [21]. The use of 
SIRT has led to the discovery of several novel 
concepts for the liver cancer treatment. 

A. Single Session SIRT 

In a recently published method by Gates VL and 
Marshall KG, SIRT (pre-treatment angiography, Tc-
99m MAA scan, and SIRT) was performed in one 
session which there were no reportable medical events.  
In this method, patients were administrated of Tc-99m 
MAA via a microcatheter in a hepatic artery supplying 
the tumor. Planar scintigraphy was performed after 2 
hours of Tc-99m MAA administration and the lung 
shunt fraction was determined. The final dosimetry 
calculation was done while the patient was being 
transferred back from nuclear medicine to 
interventional radiology.  The most important 
advantage of this new approach is decrease in cost and 
time between initial clinical assessment and SIRT [21]. 

B. Radiation Segmentectomy  

Radiation segmentectomy is defined as 
radioembolization of two or fewer hepatic segments 
which allows for more focused delivery of radiation to 
a much smaller area.  In this novel approach less 
amount of radiation is exposed to normal liver 
parenchyma which increases safety and efficacy of 
SIRT [22].  

V. FUTURE PROSPECTS 

Due to the high dose of radiation that can be safety 
delivered to partial liver volumes, SIRT is a valuable 
treatment technique for those tumors that are not 
suitable for ablation. Furthermore, SIRT has a good 
patient tolerance regarding to abdominal pain, length 
of hospitalization and post-embolization symptoms 
[20].  

 Effectiveness of SIRT, as other types of therapy, 
mostly depends on the cost and availability. SIRT is a 

TABLE 2 [12, 14, 17,] 
SUMMARYR OF POST-90Y SIRT COMPLICATIONS 

Complications Findings Prevent/Treatment 

HEPATIC   

Hepatic 

dysfunction 

Hepatomegaly, 
ascites, jaundice, 
elevated serum 
transminases 

Aggressive therapy to control 
symptoms from abdominal 
ascites  

EXTRAHEPA
C 

  

GI Nausea, vomiting, 
fatigue, abdominal 
pain/discomfort, 
and/or cachexia 

Antiemetics for 
nausea,vomiting; steroids 

Biliary Fever, jaundice, RUQ Coiling cystic artery, 
antibiotics, conservative 
management/ percutaneous 
drainage 

Pancreatic Severe epigastric or 
periumbilical pain 

Conservative treatment 

pulmonary Radiation 
pneumonitis 

Delivery of Y90 to lungs<30 
Gy in one treatment 

Vascular  Vascular injury May prevent by stopping 
blood thinners appropriately 
 

 Diffusion of 
microspheres in 
falciform artery 

May prevent by coiling artery 

Hematology Patient may have 
greater than 25% of 
their lymphocyte 
count decrease   

 

Immunology Allergic reaction to 
iodinated contrast 

Anti-histamine and/or steroids  

   
   
   

   

GI= gastrointestinal, RUQ= right upper quadrant  
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complicated therapy which requires a group of 
different specialists and surgeons. In addition, the high 
cost of radioactive microspheres, pre and post-
treatment laboratory tests and imaging make SIRT a 
relatively expensive therapy. As a result, prospective 
evaluation should be done in this respect [20].   

To limit the shunting dose to lung, GI, or other 
organs, future investigations are needed to improve 
methods for delivery of Y90 microspheres to tumor 
nodules. It may include better mapping of 
microspheres distribution and quantification of 
radiological parameters such as radiation dose and 
specific microspheres activity more accurately [6, 12].    

Due to the radioactivity of this technique and the 
significant consequences of incorrect placement of the 
microspheres, more studies should work on the safety 
and effectiveness of microspheres in pregnant women, 
nursing mothers or children [25]. 

Surgeon and nuclear specialist who administer 
microspheres are absorbing the most radiation dose 
during the procedure. To decrease the radiation 
exposure, distance between staff and radiation source 
should be increased. Furthermore, beta emissions from 
yttrium-90 are absorbed by air; hence, the double 
distance rule reduces the radiation exposure to 25%. 
Use of remote handling equipment is the best way to 
increase the distance. For example, the delivery box 
can be designed such that the surgeon and nuclear 
specialist do not need to leave the monitoring room for 
the injection of microspheres. Instead a remote 
handled actuator controlled by the surgeon would do 
the job.    

 

VI. CONCLUSION 

 Selective internal radiation therapy (SIRT) is an 
effective treatment for either primary liver cancer or 
secondary liver disease. Even though the surgery is the 
preferred option for resectable liver cancer, SIRT can 
be used to shrink large tumors and make them 
resectable. The studies have provided data which 
prove that SIRT has a higher tumor response and less 
post-embolization symptoms in comparison to other 
treatments for liver cancer. The significant 
complications of this method mainly come from the 
inadvertent injection of the microspheres and if it is 
prevented then SIRT would be very safe procedure. 
However, as mentioned by [20], the European 
Organization for research and Treatment of Cancer, 
and the American Association for the Study of Liver 
Diseases do not recommend Y90-SIRT as a standard 
therapy for intermediate or advanced HCC outside the 
clinical trial. SIRT may become widely accepted and 
incorporated into the treatment guidelines [20], if 

further research improves the limitations in this 
technique.  
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Abstract— Bladder cancer is a type of cancer that develops in the 

bladder. This article aims to give an overview of the cancer and 

the treatments available, especially the ones guided by imaging. 

The paper also proposes improvement ideas and gives an insight 

of what the future holds for these treatments. 

Index Terms— minimal invasive surgery, cystectomy, 

laparoscopy, robotic assisted surgery. 

I. INTRODUCTION 

This year, in the US alone, an estimated 76,960 adults (58,950 

men and 18,010 women) will be diagnosed with bladder 

cancer. Among men bladder cancer is the forth most common 

cancer in the US and fifth in Europe [1]. Bladder cancer can 

be tackled using different methods. This paper will give an 

initial introduction to the bladder cancer in general and then 

will explain the image guided surgical procedures available, 

outlining advantages and problems.  

II. BLADDER TUMOR 

The bladder is a hollow organ in the pelvis with flexible and 

muscular walls. Its main function is to store urine before it 

leaves the body. Urine is produced in the kidneys and is 

carried to the bladder through tubes called ureters. When you 

urinate, the bladder contracts, and urine is forced out through a 

tube called urethra. As the image shows the bladder is 

composed by different layers. Most bladder cancers start in the 

innermost lining of the bladder. This layer is called 

transitional epithelium. If a cancer is only developed in this 

layer, it is then called “non invasive”. This type of cancer is  

 

 

the most common and is usually referred to as urothelial 

carcinoma. 

 

 

Fig. 1 – Urothelial Carcinoma [2] 

 

However, cancer will tend to expand to the innermost layers 

and will therefore become harder to treat. This type of cancer 

is called “invasive”. As the cancer keeps growing, it will grow 

outside of the bladder and will eventually affect the nearby 

structures, especially lymph nodes, bones, lungs or liver. 

Lymph nodes are bean sized collections of immune system 

cells [2]. 

III. CANCER STAGES AND TREATMENTS 

 
The stage of a cancer describes how far it has spread. It is a 

crucial factor when considering the most appropriate 

treatment. A staging system is a standard way doctors use to 

Bladder tumor treatment with IGP  
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describe how far the cancer has spread. One of the used 

systems is the TNM. According to this system, each letter (T, 

N and M) have an associated number which describes the 

condition of that specific parameter. T describes how far the 

cancer has spread. N indicates any spread of the patient into 

nearby lymph nodes. M indicates whether the tumor had 

metastased in distant sites such as organs or lymph nodes. 

 

Fig. 2 – Cancer Stages [healthncare.info] 

The T value describes the following conditions:  
 

� Tis: Non invasive flat carcinoma. Cancer is in the 

innermost layer of the bladder lining. It tends to grow 

towards the inside of the bladder.  

Treatment: Transurethral resection of bladder tumor 

(TURBT) and intravesical therapy. TURBT is a 

surgical procedure during which cancerous cells are 

resected from the inner layer of the bladder. It will be 

further explained in the following paragraph. 

Intravesical therapy consists in injecting liquid drug 

into the patient’s bladder trough a catheter. The drug 

will affect the innermost lining without having major 

effects on other organs [3]. 

 

� Ta: Non invasive papillary carcinoma. Cancer is in 

the innermost layer of the bladder lining however, in 

this case, the cancer tends to grow towards the 

outside. 

Treatment: TURBT and intravesical therapy. 

 

� T1: the tumor has spread in the connective tissue 

below the inner lining but it hasn’t grown into the 

muscle layer. 

Treatment: TURBT is initially performed to 

determine the extend of the cancer. If the cancer is 

low grade, then intravesical therapy will follow. If 

the cancer is high grade, a radical or partial 

cystectomy may be performed. Radical cystectomy is 

a surgical procedure during which the entire bladder, 

along with nearby lymph nodes, is removed. It will 

be further explained later on [3]. 

 

� T2: the cancer has spread into the muscle layer.  

Treatment: radical cystectomy is the standard 

therapy. Chemotherapy is often given in order 

prevent cancer from coming back. Chemotherapy is 

the use of drugs, in the form of pills or directly 

injected into the blood stream, to kill cancerous cells 

[3]. 

 

� T3: the tumor has grown in the fatty tissue 

surrounding that covers the external part of the 

bladder. T3a is a tumor that can be seen in the fatty 

tissue only through a microscope, while T3b cancer 

can be seen using the imaging tests or can be felt by 

the surgeon. 

Treatment: cystectomy and chemotherapy are the 

standard treatments [3]. 

 

� T4: cancerous cells have spread outside the bladder, 

into nearby organs or structures. 

Treatment: chemotherapy is the first usually 

treatment. Cystectomy or radiation therapy may 

follow [3]. 

I will now focus on the image guided therapies: TURBT, open 

radical cystectomy, laparoscopic radical cystectomy and 

robotic assisted radical cystectomy. 
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IV. TRANSURETHRAL RESECTION OF BLADDER 

TUMOR 

The transurethral resection of bladder tumor (TURBT) is a 

procedure in which bladder tumor can be removed from the 

bladder wall. A first TURBT has three main goals: 

- To obtain pathological material to understand which 

kind of tumor the patient has. 

- To understand the extent of the tumor. 

- To remove all the visible cancer. 

During this procedure, the patient can be under general 

anesthesia or regional anesthesia. The surgeon inserts a 

resectoscope into the bladder through the urethra. The 

procedure doesn’t require to cut the skin of the patient and 

therefore it’s considered minimally invasive. For this reason it 

is typically performed as a day procedure. The surgeon is able 

to look into the bladder by looking through the scope of the 

resectoscope.  The instrument injects sterile liquid in order to 

expand the bladder. The best resection is performed when the 

bladder is half full [4]. The resectoscope has a wire loop at the 

end that it’s used to remove any abnormal tissue. After the 

removal of the tissue, some tissue at the base of the tumor is 

taken in order to perform a biopsy and ensure the complete 

removal of the cancer. However, the resectoscope is not 

effective for carcinoma in situ [4]. The picture refers to the 

transurethral resection of the prostate, which is performed in a 

similar manner.  The second picture shows what the surgeon 

sees during this procedure. 

 

 

Fig. 3 – Transurethral resection [linkedin.com] 

 
Fig. 4 - Resectoscopic view [youtube.com] 

 

A. Problems faced during TURBT 

 

The risks include: 

 

� Bleeding [5] 

� Infection [5] 

� Bladder perforation [5] 

� Ineffectiveness against non-visible lesions [6] 

� Incomplete resection [6] 

Bleeding is the most common risk because bladder has a 

rich blood supply.  This is particularly good at the end of 

the procedure because it facilitates the recovery, however 

during the procedure the bleeding might disrupt the 

surgeon’s operation . Infections will occasionally occur 

and patients are given antibiotics after the procedure to 

minimize the risk. Bladder perforation occurs in roughly 

1% of the patients and is caused by the necessity to cut 

deeply inside the bladder wall [5].  Small holes heal by 

themselves and quickly. Unfortunately big holes require 

another surgery to be closed. The other three problems are 

responsible for the high recurrence rates of bladder tumor 

[6]. Some of these problems could be minimized by 

improving the instrumentation used in the surgery.  
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B. Resectoscope & its components  

 
Fig. 5 – Resectoscope by Olympus [olympus-europa.com] 

 
Fig. 6 – Resectoscope tip [medicalexpo.com] 

 

The main instrument used in this procedure is the 

resectoscope. It is composed mainly by these parts: 

� Optic: allows the surgeon to look inside the bladder of the 

patient. The lens can have different angles and the optic 

can be rotated in order to obtain a complete visualization 

of the inner lining of the bladder. 

� Working element: it is used by the surgeon to control the 

wire loop that removes the tumor. It can be active or 

passive.  A active working element results in a forward 

movement of the wire loop if the handles are pushed away 

from each other. A passive working element works the 

opposite way. 

� Sheath: covers the working element and houses the tubes 

through which the irrigating solution is injected or 

withdrawn. The working element can be freely rotated 

inside the sheath or can be blocked if the surgeon needs it. 

� Wire loop: it’s element used to remove the cancerous 

cells and coagulate blood. It can have different shapes 

depending on the procedures that is performed using the 

resectoscope. During TURBT for bladder cancer, a 

cutting loop as shown in the picture is most commonly 

used. The wire loop can be monopolar or bipolar. 

Monopolar wire loop is a loop that acts as one end of a 

dipole. The monopolar loop needs another patch to have a 

current flow. The sterile liquid needed for expanding the 

bladder must be hypotonic non-electrolyte. However, this 

kind of liquid is also linked with potentially fatal 

conditions such as hyponatremia, hypokalemia, 

hypocalcemia, and hypoosmolarity [7,8]. The first bipolar 

resectoscope was introduced in 2008 to overcome these 

problems [8]. A bipolar wire loop generates a current 

between the two electrodes of the resectoscope, therefore 

the current flow is restricted to the end of the working 

element, under the visual control of the surgeon. The 

bipolar wire loop also offers the advantage of not having a 

neutral electrode on the patient’s skin, so the risk of 

thermal injuries to distant tissues or organs is reduced [7]. 

Nowadays many medical companies offer bipolar loop 

resectoscopes.   

C. Improvement Potential 

 
1) Optic 
 

The improvement in the optic field are the most promising. 

Photodynamic Diagnosis (PDD) is a technology that is 

evolving since the 1960s, but it is not widely available on the 

market [9]. According to this method, a photosensitive marker 

is injected inside the bladder and it’s absorbed by the healthy 

cells but not by the tumor. If struck with fluorescent light, the 

tumor appears more clearly because of a difference in color 

compared to other tissue. This procedure allows the surgeon to 

clearly visualize the cancerous cells and perform a more 

precise resection and may avoid or lessens problems such as: 

ineffectiveness against non visible lesions and incomplete 

resection and therefore decrease the tumor’s recurrence [10]. 

Despite the advantages, PDD is only available only for 

Olympus resectoscopes [11]. 

Narrow band imaging is also a promising imaging technology 

that was launched the first time in 2005 [12]. It uses two 
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bandwidths, 415 and 540 nm, which are preferably absorbed 

by hemoglobin in hypervascular neoplastic tissue. Despite the 

evidence that this system could prove itself useful to improve 

the detection of cancerous cells [13], still no company, 

according to my research, has provided the market with a 

resectoscope able to use Narrow band imaging technology.  

 

2) Handle 
The resectoscope  is used by the surgeon with one hand. The 

other and is used to press the body of the patient to allow the 

rigid resectoscope to reach places where otherwise the 

resectoscope couldn’t reach [5]. Sometimes however, the 

resectoscope design forces the surgeon to hold uncomfortable 

positions. A handling piece that allows the surgeon to rotate 

the loop without rotating his hand around the instrument 

would be ideal to improve surgeon’s comfort. At the same 

time however, this new design might not deliver the same 

reliability current resectoscopes do. 

V. CYSTECTOMY 

When the tumor is invasive, all or part of the bladder has to be 

removed. It can be done through two different surgeries: 

partial cystectomy or radical cystectomy.  

Partial cystectomy is surgical procedure during which part of 

the bladder is removed. The nearby lymph nodes are also 

removed and examined in order to determine if can cancer has 

spread outside the bladder. 

VI. RADICAL CYSTECTOMY 

Radical cystectomy is a procedure during which the whole 

bladder and the nearby lymph nodes are removed. In men, 

prostate and seminal vesicles are also removed. In women, the 

ovaries, fallopian tubes (tubes that connect the ovaries and 

uterus), the uterus (womb), cervix, and a small portion of the 

vagina are often removed along with the bladder [2].  

Radical cystectomy can be performed through three different 

kinds of procedure: 

- Open surgery 

- Laparoscopic surgery 

- Robot assisted laparoscopic surgery 

 

At the end of radical cystectomy, the patient will require 

another way to store and remove urine. Incontinent diversion, 

continent diversion and neobladder are three possible 

solutions. 

VII. OPEN SURGERY 

This procedure has been performed since the 1950s and it is 

still the gold standard to perform radical cystectomy [14,1]. A 

large incision as shown in the picture is necessary to allow the 

surgeon to perform the resection. 

 

Fig. 7 - Open Surgical incision [davincisurgery.com] 

The main parameters to evaluate open surgery are: mortality, 

morbidity, surgical margin status and number of lymph nodes 

retrieved. Mortality is lower than 4% in the biggest studies 

[15,16].Morbidity and re-exploration rate doesn’t exceed 

respectively 30% [17,15]and 17% [15,17].  

New techniques applied by the surgeon aim to obtain the same 

benefits of a minimal invasive procedure: less need for 

analgesics, reduction in length of hospitalization, early 

recovery, and better cosmesis [14]. However, the large 

umbilical incision will never be avoided and intraoperative 

blood loss is a frequent event even when performed by 

experienced surgeons [1]. The instruments used for this kind 

of surgery are used for many other procedures: retractors, 

scissors, clamps etc. The instruments for open surgery will not 

be analyzed.  

 

VIII. LAPAROSCOPIC SURGERY 

Laparoscopic radical cystectomy (LRC) uses long and thin 

instruments that are inserted into the pelvis of the patient and 

therefore require only small incisions(generally 5 to 6 ports 
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are required [18]). The surgeon controls by hand these 

instruments and views the inside of the pelvis of the patient by 

using a video camera which is inserted inside the patient as 

well. Total surgery time depends by the type of chosen 

reconstruction method but in previous studies it ranges from 

180 min to 12 hrs [18].                     

 

Fig. 8 - Laparoscopic Surgery [wikipedia.org] 

 

Laparoscopic surgery has been performed since the 1990s 

[19]. At first, laparoscopy was used  but the ileal conduit for 

urinary diversion was performed extra corporeally. The first 

complete intracorporeal ileal conduit diversion surgery took 

place in 2000 and two years later a purely laparoscopic 

orthotopic neobladder reconstruction surgery was performed 

[20]. 

A radical cystectomy that is performed without the need of the 

large surgical umbilical incision is called laparoscopic, 

however there are some variations regarding the methods 

applied during the surgery. For this reason, laparoscopic 

surgery can be divided in: 

- purely laparoscopic : the urinary diversion construction is 

performed inside the patient. 

- laparoscopic assisted : extracorporeal reconstruction of the 

urinary bladder. 

Even though great progresses have been made with this kind 

of procedure, laparoscopic surgery is still not the best 

procedure for some patients. Presence of bulky 

lymphadenopathy, locally advanced disease, uncorrected 

coagulopathy and morbid obesity are contraindications for 

LRC [19]. Also, the amount of publications referring to the 

follow up data is lacking or not sufficiently long [18,1]. 

 

A. The advantages of Laparoscopy 

 
- Reduced hemorrhaging [21,1]   

- Lower morbidity [18,1] 

- Lower mortality [18,1] 

- Lower surgical margins [18,1] 

- Reduced postoperative pain [21,1] 

- Faster recovery time [21,1,17] 

- Reduced scars [21,1] 

- Shorter hospital stay [18,1] 

 

B. Problems during LRC 

 
According to the scientific literature the problems include : 

- Long time required for the procedure [18] 

- Steep learning curves [18] 

- Low number of researches analyzing follow -up [18] 

- Worse comprehension of the surgical field [22] 

- Lack of tactile feedback [22] 

- 2D information of the 3D surgical field [22] 

- Poor ergonomic position of the surgeon [23] 

- Limited mobility of straight laparoscopic instruments 

[23] 

 

 

 

C. Instruments used during LRC and improvement 

potential  

In this chapter I describe the most important laparoscopic 
instruments: laparoscope, grasper and needle driver.  
 
1) Laparoscope 
 

A laparoscope generally looks like the one in the picture.  
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Fig. 9– Laparoscope [striker
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2) Grasper 
 

Fig. 10 - 
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The external part is coated with an 

layer(polymer) to protect the patient from
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Fig. 11 - Grasper handle designs [ope
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Improvement  Potential 
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3) Needle Driver 
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The needle jaw can have four configurations: straight (in line 

with the shaft), curved left(45°), curved right and self-

righting[26]. Self righting needle is especially designed to 

force the needle to stay in a certain position, independently 

from the orientation the needle was pinched. More recently 

articulating tips have entered the market. They allow a greater 

maneuverability, however surgeon needs more time to be 

proficient in its handling.  

The needle jaw must deliver a firm grip on the needle but at 

the same time don’t deform the body of it. It is generally 

composed of tungsten carbide, but additional coating can be 

applied to improve grip [27]. 

The shaft is long and narrow and it is composed of surgical 

steel on the inside and a non conductive polymer on the 

outside. Length can vary, however 30 to 35 cm is considered 

the standard [27]. 

Unlike other laparoscopic instruments, the handle of a needle 

driver has a straight axial design, providing a more natural 

handling of the instrument [27]. Since the surgeon must open 

and close the tip many times, the handle is spring loaded: the 

grip is opened when squeezing and closed when at rest. A 

ratcheted mechanism in the handle allows the locking of the 

tip. This way the surgeon only needs to concentrate on the 

movement of the needle and not on the force applied at the tip 

of the instrument. An easy release mechanism is also very 

important as the tip must be continuously opened and closed. 

 

Improvement  Potential 

The current needle drivers are carefully engineered to be 

reliable during the surgical procedure and I think no further 

research could improve it. The handling of the instrument 

however, is still not optimal. This could be detrimental to the 

learning curve of young surgeons, extend the operation time 

and make surgery more prone to errors. For these reasons, a 

more intuitive control of the laparoscopic instruments such as 

the one provided by the “DaVinci” system is, I think, the 

future of minimally invasive procedures.  The major drawback 

that limits the expansion of this system is its price [29], but I 

will further explain robotic assisted surgery in a following 

chapter. 

IX. Robotic Assisted Laparoscopic Surgery 

 
Fig. 13 - DaVinci  Surgical System [intuitivesurgical.com] 

Robotic assisted laparoscopic surgery (RALS) was developed 

at the end of the past century from the need to overcome the 

problems with conventional laparoscopic procedures. The only 

company that produces the robot needed to perform this kind 

of procedure, Intuitive Surgical, has received the approval 

from the Food and Drug Administration for its use in surgical 

procedures in 2000 [29]. This procedure involves the use of a 

robot especially engineered to perform cardiac surgery, which 

then evolved to perform also laparoscopic surgery. The robot 

is remotely controlled by the surgeon, that sits in a 

comfortable position. The robot is composed by multiple arms 

which are introduced into the patient’s abdominal region. Each 

arm performs different tasks like during a laparoscopic 

surgery. However, the instruments are not directly controlled 

by the surgeon. The surgeon is seated away from the patient 

and , using his/her hands, controls the instruments in a much 

more natural way [29]. 

Despite its advantages, this technology is not spreading as fast 

as early reviews of this system have predicted [30]. Lack of 

clinical evidence proving the benefits of RALS and poor 

returns for hospitals that invested on this system, contributed 

also to the slow spread of this technique [31]. In the next 

paragraph I summarized advantages and drawbacks with 

respect to standard laparoscopic surgery.  

 

A. RALS Advantages  

- 3D vision of the surgical field [23] 

- Higher fluidity of instrument’s movement [23] 

- Stable camera platform [23] 
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- Lower the time in the hospital [32] 

- Surgeon’s comfortable position [23] 

B. RALS Problem 

- Costs [29] 

- Assembly time [23] 

- Dimensions and weight of the system [23] 

- Lack of tensile feedback [23] 

- Large diameter of the instruments [23] 

- Lack of data regarding the benefits [29] 

- Long operative times [33] 

X. FUTURE DEVELOPMENT 

 
The DaVinci system entered the market 16 years ago and, up 

to this day, no other company has provided the medical market 

with a similar system. This lack of competition has been 

detrimental for the growth of this technology in many aspects: 

cost, technological progress and therefore the spread of this 

method. However, many Intuitive Surgical’s early patents 

were filed 20 years ago [34], and therefore many other 

companies are expected to enter the market with new set ups. 

Google and Johnson&Johnson recently created “Verb 

Surgical” with the aim to create a robotic system that could be 

used in surgical procedures. Transenterix is another company 

that promises to challenge Intuitive Surgical with a robot 

similar to the DaVinci system.  

Overall robotic systems are expected to grow and represents, 

in my opinion, the future of many surgical operations, 

especially in the laparoscopic field. The well established 

current laparoscopic procedure don’t represent the future of 

laparoscopic surgery, however the robotic systems will take 

time to become the standard method, also because of its high 

costs. Therefore, I think, traditional laparoscopic technology 

will keep improving to satisfy the needs of clinics that don’t 

have the necessary economical resources to fully embrace 

RALS.  
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Abstract— Minimally invasive surgeries under image guidance 

are becoming popular in the recent years. The development of 

interventional MRI is a boon to these surgeries. The term 

interventional MRI covers a broad spectrum of procedures, 

ranging from biopsies to complex surgeries requiring 

performance of multiple tasks. The procedures can be done 

either as open surgery or percutaneous. This paper gives a review 

about the basic principle of MR imaging, MR safety, MR systems 

and various clinical applications of MRI.   
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I. INTRODUCTION 

agnetic resonance imaging has emerged as a prime 
imaging modality in the recent years. In the past it was 

mainly used for diagnostic purposes. Now the use of MRI has 
shifted greatly from rather than a diagnostic device to an 
interventional device. Interventional MRI (IMRI) is used for 
diagnostic as well as for therapeutic purposes. Interventional 
MRI can enhance the scope and potential of minimally 
invasive therapies, interventional radiology ad surgery [1]. 
Interventional MRI comprises all the procedures that are done 
under the guidance of MRI, whether it is an open surgery or a 
minimally invasive surgery. The introduction of IMRI has led 
to the development of new scanners, faster imaging sequences 
and software, and development of new tools that can be used 
in MR environment [1]. 

Image guided surgeries are gaining popularity in the recent 
days. The various imaging modalities used are MRI, 
Fluoroscopy, Computed Tomography (CT), Ultrasound, 
Positron Emission Tomography (PET) or a combination of 
these modalities. Image guidance is the key concept in modern 
and future surgery and it leads to better control and hence 
better treatment results. Better patient compliance and lower 
costs are another advantage since these procedures are mainly 
minimally invasive.  

The use of MRI for interventional procedures can be 
attributed to the introduction of high field and wide bore MR 
systems [2]. High field MRI provides more signal compared to 
low field open systems. The radio frequency pulses, static 
magnetic field and gradient magnetic field characterize MR 
interventions [2]. MRI is a valuable imaging modality for 
intervention planning, target definition and closed loop control 
of acoustic energy deposition [3]. Interventional MRI is used 
for real-time dynamic procedural guidance and intra-
procedural imaging during therapeutic or diagnostic 
procedures such as tissue biopsy, surgery, endovascular 
procedures, ablation therapy and device placement.   

 
Interventional MR imaging is a real time process. Unlike 

diagnostic MR imaging which takes long scan time and offline  
image reconstruction and processing, interventional MR 
imaging demands much faster image acquisition, 
reconstruction and processing. It also requires interactive 
parameter control and simultaneous visualization of tissue and 
interventional devices [4].  

 
Advantages of MRI 

 

MRI has many advantages compared to other imaging 
modalities that are used for intervention. One of the most 
important aspects for image guided intervention is good soft 
tissue contrast and thus the ability to distinguish between 
different tissue types. Although CT provides good soft tissue 
contrast compared to X-Ray, MRI has better contrast among 
all [1]. This feature of MRI is further enhanced by the multi 
planar imaging capability and the high vascular conspicuity 
inherent to MRI. This high diagnostic performance of MRI 
renders it the suitable tool to guide certain diagnostic and 
therapeutic interventions [5]. MRI uses magnetic field for 
imaging and thus it is free from ionizing radiation. So 
interventional MRI complies with ALARA (as low as 
reasonable achievable) principle which indicates to keep the 
ionizing radiation to the patient and staff as low as possible 
and thus it can be used for small children and pregnant 
women. MRI also provides good temporal and spatial 
resolution. With or without the help of contrast medium, high 
intrinsic contrast can be achieved in tissue. Another advantage 
of using MRI is the temperature sensitivity which helps in 
evaluating temperature changes in tissue [1]. 

 
Contraindications of MRI 

 

The contraindications of MRI are mainly due to the 
presence of magnetic field. While designing a device for use 
in MR environment, special considerations should be taken 
into account. Common material such as steel is incompatible 
for use in magnetic environment. Other non-ferromagnetic 
materials although they are MR compatible, can cause 
imaging artifacts. As a result of these, standard operating room 
equipment and surgical instruments cannot be used in MR 
room [6]. The instruments used should be MR compatible as 
well as MR safe. Other than these, patients with any metallic 
implants or pacemaker cannot enter the MR room due to the 
presence of magnetic field. MRI is also not suitable for 
patients with claustrophobia. Yet another disadvantage 
associated with MRI is its high cost. One major reason which 
constraints the use MRI for interventional procedures is the 
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limited patient access. Doctors have much difficulty in 
operating patients within this limited space 

 

II. MR IMAGING 

Magnetic Resonance Imaging uses the magnetic properties 
of body to produce an image. This is possible because of the 
abundant presence of water in the body. Water is composed of 
two molecules of hydrogen and one molecule of oxygen. The 
change in alignment of hydrogen is used for the imaging. The 
hydrogen nucleus spins on its own axis like earth. Usually 
they spin within the body randomly. Once it is placed in an 
external magnetic field, it will align itself in the direction of 
magnetic field and precess about the magnetic field with a 
frequency proportional to the magnetic field strength (Fig 1). 
This behavior is known as Larmor precession. Larmor 
frequency is given by the equation: 

 
                                  (1) 

 
 is the gyromagnetic ratio which is 42.6MHz/T for 

hydrogen and  is the magnetic field.  
When additional energy in the form of radio frequency 

pulse which is perpendicular to the magnetic field is applied, 
the net magnetic moment will deflect from B  . When this 
pulse is withdrawn, the magnetic moment will return to its 
original state which causes emission of a signal. The signal 
thus emitted is used to create MR images. Different tissues 
relax at different rate when RF pulse is switched off. This is 
measured in two ways. The time taken for the magnetic vector 
to return to its resting state is called T1 relaxation and the time 
needed for the axial spin to return to its resting state is called 
T2 relaxation [7]. 

 

 
 

Fig 1: a) Randomly aligned hydrogen molecules in the absence of magnetic 
field. b) Molecules aligned in the direction of B0 

III. MR SYSTEMS 

MR systems are classified into open and closed bore 
systems. Closed bore systems generate the magnetic field by 
passing current through a solenoid kept at superconducting 
temperatures (Fig 2b). In open bore systems, there is an air 
gap between two magnetic poles (Fig 2a). They use permanent 
magnets or electromagnets for magnetization. In closed bore 
systems, the coils are kept in liquid helium to create a 
homogeneous filed of 1T or higher. The open bore systems 
generally operate in field strengths ranging from 0.2T to 0.7T. 

So typically closed bore systems are high field MRI and open 
bore systems are low field MRI. 

Imaging with high field MRI provides better image quality 
and faster imaging. It also allows functional imaging, 
spectroscopy and thermal monitoring. Restricted patient 
access is a problem with these kinds of systems. In low field 
MRI, it provides better access with the patient. So these types 
of systems are better suited for interventions than closed ones. 
The image quality in low filed systems is low, but it is quite 
sufficient for interventional use [1].  

Another model which provides access to patient is double 
donut configuration. It is designed by Signa SP system 
(General Electric Medical Systems, Milwaukee, Wis) for 
interventional applications (Fig 2c). This design allows access 
of the patient from the sides and top at the isocenter of the 
imaging system. The improvement in access to the patient is 
achieved by decreasing field strength at the isocenter as 
compared to the field generated by each individual 
superconducting half, and compromises magnetic field 
homogeneity [8]. 

 

 
 

Fig 2: Different MR systems. a) Open bore b) Closed bore c) Double Donut 
configuration 

IV. MRI SAFETY 

The use of MRI scanner for interventional purposes 
possesses challenges in ensuring safety to both patient and 
staff. The hazards caused by MRI include damage caused by 
ferromagnetic particles, radiofrequency heating of equipment, 
electromagnetic interference between the scanner and other 
electronic equipment, and acoustic noise levels which can 
affect the communication between staffs or damage their 

��



  

hearing ability. These have to be taken care of by not 
compromising the effectiveness of interventional procedure 
[9]. 

Three types of magnetic field are present in the MRI room 
and damages are caused by them [10] 

1. The static magnetic field 
2. Gradient magnetic field 
3. Radiofrequency magnetic field 

Effect of Static Magnetic Field 

 
The two main effect caused by static magnetic field is 

attraction of ferromagnetic material and biological changes. 
Devices such as surgical implants made of ferromagnetic 
materials will be attracted towards the magnet and cause 
damages. Other devices such as pacemaker can completely 
stop working in the magnetic field. So care should be taken so 
that no ferromagnetic materials and patient with any implants 
are brought inside the MRI room. It is reported that in organs 
such as retina, pineal gland, and some cells in paranasal 
sinuses may be affected due to static magnetic field [10]. 

 
Effects of Gradient Magnetic Field 

 
The main damage caused by these is biological changes and 

acoustic noise. Time varying magnetic fields can induce 
electric currents in the tissues which can affect the normal 
function of nerve cells and muscle fibers.  The noise produced 
by gradient coils can affect the communication between the 
staff and may damage their hearing if precautions are not 
taken. 

 
Effect of RF Field 

 
Radiofrequency pulses can interact with tissues and foreign 

bodies and cause heating in the human body.  
 
According to American College of Radiology (ACR), in 

order to take precautions against these damages and to 
maintain safety, the MRI room is divided into four zones: [11] 
(Fig 3) 

 
Zone 1: These are the areas that can be accessed by the 

public. This is located outside the MR environment. 
 
Zone 2: This is the interface between zone 1 and zone 3 and 

4. Here although the public are allowed, they are under the 
supervision of MR personnel. 
 
Zone 3: In this zone, the access is strictly restricted. Here the 
free access by MR personnel or ferromagnetic material or 
implants can lead to serious injuries or death. 
 
Zone 4: This is where the MR scanner is located. Zone 4 is 
included within the zone 3.  
 

Other than these measures, the staff operating the MRI 
should be given proper training. Also the patients should be 

screened completely for ferromagnetic materials or implants 
before allowing them to enter the MR room.  
 

 
 

Fig 3: Different zones in MR room according to ACR 

V. CLINICAL APPLICATIONS 

Prostate Cancer 

 

Prostate cancer is the most frequently diagnosed cancer and 
second major cause of cancer death in men. Cryosurgery, high 
intensity focused ultrasound and laser induced thermal therapy 
is used as treatment options for prostate cancer. All these types 
of treatments require image guidance. MRI is the most 
sensitive and specific treatment for prostate cancer compared 
to ultrasound or CT. MRI guided cryosurgery is technically 
feasible but contrast enhanced MRI is more suitable to predict 
tissue damage after cryosurgery [12]. Temperature mapping 
below 0 degree is not feasible in current MR systems but ice 
ball formation in cryosurgery is visible in real time in MRI. In 
laser ablation, the fiber used does not cause any disturbance in 
electromagnetic field and thus no image artifacts occur.  Due 
to inherent high spatial and temporal resolution, MRI guided 
laser ablation is a promising technique for prostate cancer 
treatment. MRI guided focused ultrasound is another 
technique which is highly promising for prostate cancer 
treatment [12]. Researchers have developed an MRI 
compatible robot system for MRI guided needle intervention 
in the prostate. It was found that the needle targeting accuracy 
of the system is sufficient for sampling clinically significant 
prostate cancer [13]. 

 
MRI Guided Spine Injections 

 

Spine injections are usually given as treatments for people 
suffering from low back pain. These are traditionally given 
under X-ray fluoroscopy or CT guidance. But these have the 
disadvantage of using ionizing radiation. In MR guided spine 
injections, MR imaging is used to visualize spinal targets and 
needle placement, monitor the injected drugs, and detect 
spread to potentially nearby structures. The visualization of 
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injectants was done with the help of T1 or T2 weighted MR 
imaging. Passive visualization was used for localization and 
display of needle tip on MR images. Magnetic resonance 
fluoroscopy, similar to CT fluoroscopy, which provides 
continuous acquisition and display of MR images, was used 
for interactive determination of the skin entry site, interactive 
needle placement and for real time monitoring of injections. 
Following are the six steps for MR imaging guided injections: 

 
1. Focused MR imaging of the target region for 

anatomical evaluation and planning of the needle 
path. 

2. MR fluoroscopy for a suitable skin entry point. 
3. Needle placement navigated by MR fluoroscopy.  
4. Confirmation of adequacy of location of needle tip 

using TSE MR imaging. 
5. Monitoring of injection by MR fluoroscopy or 

intermittent MR imaging. 
6. Final MR imaging for the visualization of the 

injectant, spatial relationship to the target structure, 
and detection of potential spread to adjacent 
structures [2]. 

MR Guided Biopsy 

 

Biopsy is the most frequent clinical interventional 
application of MRI. This is because of the replacement of 
surgical biopsies by less invasive and effective image guided 
percutaneous biopsies. Now a day, surgical biopsies are used 
only in cases where the pathology is at a difficult anatomical 
position and is thus inaccessible through image guided 
procedures due to difficulty in visualization of lesion or 
surrounding structures. Because of the high soft tissue contrast 
of MRI, it can be used to provide unique visualization of both 
anatomy and physiology (Fig 4). In musculoskeletal systems, 
MRI can be used to detect bone lesions which are not visible 
in any other imaging modalities due to its high sensitivity. MR 
guided percutaneous biopsies are safe, accurate and feasible 
procedures. There are no significant complications associated 
with these procedures. It can be used to perform biopsies 
which are not feasible with other imaging modalities [1].   
 

 
 

Fig 4: MRI guided biopsy 
 

MR Arthrography 

 

Joint interventions are used for joint disorders with pain, 
inflammation or effusion.  Magnetic Resonance guided 
interventions of large and small joints are practically possible 
with several advantages compared to standard techniques. The 
excellent soft tissue contrast and multi planar are the 
advantages of MRI in joint interventions. With the help of 
multi planar capacity, areas with complex anatomy can be 
approached by adapting the right imaging plane. Magnetic 
resonance guidance allows all in one MR arthrography with 
performance of image guided joint punctures and the 
following imaging for arthrography in the same unit. MR 
arthrography provides more detailed information of hip and 
shoulder compared to non-contrast MRI and indirect 
arthrography. Intra articular corticosteroid injection, which is 
used for joint treatments, showed variable effects when 
different techniques were used [14]. The accuracy of injection 
with better pain relief and functional improvement was found 
while using image guidance. For joint interventions, MR 
guidance offers precise targeting. This is important to increase 
effectiveness of injections, to prevent damage of surrounding 
tissues, to overcome anatomic difficulties by obesity or 
disease process. 
 

MRI Guided Thermal Therapy 

 

Similar to MR guided biopsies, it can be used for thermal 
therapies such as laser ablation (Fig 5), cryoablation, 
radiofrequency ablation (RFA) and microwave ablation. MRI 
can be used to guide the probes to the lesion, monitor the 
tissue temperature and delineate ablated tissue. With the help 
of temperature monitoring, user can make sure that ablation 
zone covers the targeted lesion and adjacent structures are not 
affected. MRI guided laser interstitial thermal therapy (LITT) 
is a minimally invasive procedure that destroys cells using the 
thermal energy delivered by laser light. It is found to be 
feasible and safe in primary and recurrent gliomas [15]. It can 
also be used for treatment of prostate cancer and liver cancer. 
The use of MR thermometry as feedback enables the use of 
MRI guided LITT for safe treatment of critical organs such as 
brain.  

 

 
 

Fig 5: MRI guided laser ablation 
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Radiofrequency ablation is another application which 
induces thermal injury by percutaneous application of an 
electromagnetic field. It is usually done under CT or 
ultrasound guidance, but developments are done in the field of 
MRI guided RFA. In MRI guided LITT, images are acquired 
simultaneously with ablation, whereas in RFA radiofrequency 
interferes with imaging and hence it requires switching 
between imaging and application of radiofrequency energy. In 
cryoablation, tissues are freezed to achieve a lethal effect. On 
conventional MRI sequences, frozen tissue appears as a signal 
void due to short transverse relaxation time, which creates 
high contrast between frozen and unfrozen tissue that is 
superior to that of CT or ultrasound [15]. Temperature 
mapping inside the frozen tissue is needed because of the 
importance of achieving a lethal temperature in the tumor and 
different organs showing different temperature profiles during 
freezing. 

 
Cardiovascular Interventions 

 

MRI can be used in endo-myocardial biopsy and many 
other cardiovascular interventional procedures. Cardio-
vascular magnetic resonance (CMR) combines excellent soft 
tissue contrast, multi planar views, and dynamic imaging of 
cardiac function without ionizing radiation exposure. In endo- 
myocardial biopsy, MRI significantly improves the diagnostic 
yield even for smaller specimen volumes compared to X-ray 
fluoroscopic guidance. This process could be of particular 
value in disease that affect myocardium in a non-uniform 
distribution [16]. In case of occluded vessels, where contrast 
cannot enter the lumen for other imaging modalities, CMR can 
help to depict the mural contour of occluded vessel and thus 
help avoid perforation [17]. In case of children it is of great 
help as it will prevent them from being exposed to unwanted 
radiation.  

 

Breast Biopsy 

 
Breast MRI has a very high sensitivity and a variable 

specificity for detection of breast cancer [18]. An MRI guided 
biopsy is recommended when lesions detected on previous 
MR scans is not visible or palpable on other imaging 
modalities [19]. MRI guided vacuum assisted breast biopsies 
is a quick, safe and accurate alternative to surgical biopsy. 
Although this provides many advantages, it is an extremely 
challenging process. The standard practice for MRI-guided 
breast biopsies involves freehand intervention, with limited 
mechanisms to ensure coaxial alignment between anesthesia 
and biopsy tool insertion and no control over the final position 
of the needle tip. The application of robotic technology to 
biopsy procedures can significantly increase positional 
accuracy and operator proficiency [19]. Researchers have 
invented an image guided automated robot (IGAR) which can 
perform breast biopsy under image guidance. It demonstrates 
MRI compatibility and maintains safe operation, adequate 
shielding, high image quality, and accurate robotic control 
[19]. Another improvement in this field is the introduction of 
vacuum assisted breast guidance by using open 1.0T MRI 
technology which will be useful for obese people and for 
people with claustrophobia [20]. 

MRI Guided Focused Ultrasound 

 

Focused ultrasound is the non-invasive focal delivery of 
energy into soft tissues. MRI guided focused ultrasound 
allows the elimination and modification of tissues for 
therapeutic purposes while the energy is delivered under MRI 
guidance [21]. The thermal feedback provided by the MRI 
allows intervention monitoring by immediate evaluation of 
temperature in the target volume and thus helping to minimize 
the damage done to adjacent tissues [3]. This method is used 
for treatment of uterine fibroids (Fig 6) and various tumors. 
Another application of this method is treatment of intra-
ventricular hemorrhage in infants. Usually it is treated by 
cerebral shunt replacement or invasive brain surgery. By using 
MRI guided focused ultrasound, brain of pediatric patients can 
be treated in non-invasive manner. Scientists have developed a 
MR conditional robot with 5 DOF which can be used to 
perform this surgery [6]. A major constraint in using MRgFUS 
is the organ motion. As the organ motion increases, the 
intervention time increases and thus with currently available 
technologies, MRgFUS is clearly infeasible for treating 
moving abdominal organs [3]. 

 
 

Fig 6: MRI guided focused ultrasound for uterine fibroid treatment 
 

Other Applications 

 

MRI is used widely for the musculoskeletal soft tissue 
interventions. The high soft tissue contrast of MRI promotes 
its application in this field. MRI is used to provide minimally 
invasive treatments for lesions that are not approachable by 
traditional radiology methods. It has various applications such 
as percutaneous biopsy, percutaneous cyst aspiration, and 
percutaneous tumor ablation [5].Another application of 
interventional MRI is in the field of neuroradiology. It can be 
used for the aspiration and biopsy. The spatial resolution, 
tissue contrast and multi planar capabilities of MR are useful 
for these applications [8]. The application of this technology 
to pediatric neurosurgery allows real-time assessment of the 
anatomical consequences of surgical and anesthetic 
interventions, accountability of brain shifts, precise 
intraoperative localization of pathology, confirmation of the 
exact site of biopsy or completeness of lesion removal, and 
immediate identification of some intraoperative and early 
postoperative complications [22]. Yet another application of 
MRI is for catheter tracking. With the help of catheter 
tracking, many endovascular interventions can be done. Some 
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applications of catheter tracking are cardiac electrophysiology, 
angioplasty, and stenting of renal arteries, carotid arteries and 
aortic aneurysms [23]. In addition to these developments, 
studies are being conducted for creation of MR conditional 
robot which can be helpful in various fields.  

 

VI. CONCLUSION 

 
MRI is becoming a primary imaging modality for image 

guided procedures. Although it has many contraindications, it 
is a safe tool for use in many cases. It has a lot of applications 
in medical field ranging from open surgery to minimally 
invasive procedures. Many developments are taking place in 
the field of interventional MRI. One of the major 
developments is the introduction of MR compatible robots. 
Robots are being developed to assist doctors in various 
procedures. The robots used should be highly accurate in 
operation and should not deteriorate the quality of images 
acquired. 

One of the major limitations of high field interventional 
MRI is the limited patient access. New systems have to be 
developed which provides better access to the patients. This 
could be done either by widening the bore of the MRI or by 
creating a new patient table which provides better patient 
access. This will be really helpful for patients with 
claustrophobia and also for doctors to do the interventional 
procedures comfortably. Research has to be done in these 
areas to make it possible.  
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ABSTRACT 

Bone metastases is the most common type of cancer that causes debilitating pain which in turn 

results in a poor quality of life for a patient. Palliative treatments are the ones which are done to 

relieve the symptoms (primary goal) or sometimes even cure the symptoms. Conventional 

procedures like chemotherapy and radiotherapy can be used with a palliative intent but it has its 

own limitations regarding the damage to the healthy cell and exposure to radiation respectively. 

Minimally invasive procedures are being preferred over conventional techniques because of their 

gains like accuracy, efficacy, minimal risk and improved quality of life. The main aim of this 

review article is to summarize various types of minimally invasive procedures available for 

patients with bone metastases with a palliative intent and new evolving treatment which may be 

available in the near future. 

Keywords: Metastases, Minimally invasive, Palliative, Thermal ablation 

Abbreviation: CT computed tomography, MR magnetic resonance, RFA radiofrequency ablation, 
MWA microwave ablation, LITT laser interstitial thermal therapy, HIFU high intensity focused 
ultrasound, TAE transcatheter arterial embolization 

 

 

1. INTRODUCTION 

 

Tumours are abnormal cells which group 
together to form a lump or a growth. They can 
be classified as benign tumour (non-cancerous), 
premalignant tumour (may develop into a 
cancer) and malignant tumour (cancerous). 
Malignant tumour is made up of cancer cells 
which continue to multiply destructively and 
grow in size, resulting the tumours to invade 
into nearby tissues and organs, which can cause 
damage. [1] Cancer is often named after the part 
of the human body where it first started to grow. 
This is known as the primary site or the primary 
cancer. When the cells from the primary cancer 
spreads to the other part of the body, they 
undergo mitosis and form a new type of cancer 
called a secondary cancer or metastases. [2] 

Bone is one of the usual metastatic area for a 
cancer patient and bone metastases is a 
complication and the most common type of 
pain related to cancer. Bone metastases occur 
when cancer cells enters the blood stream, 
travel to the bone marrow, undergo mitosis and 
then grow new blood vessels to obtain oxygen 
and food, which in turn results in the cancer 
cells to grow more rapidly and spread.  It results 
in decreased quality of life in patients due to 
acute pain, restricted movement, and 
pathological fracture. Pain is one of the most 
recurring and most feared consequences of 
cancer that debilitates the quality of life. It is 
seen that more than 70% of patients with 
advanced cancer report pain at some stage of 
their disease and about 75% of those sufferers 
describe their pain as moderate to very severe. 
[3] 
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Conventional treatment of metastatic bone 
tumour includes chemotherapy, radiation 
therapy, surgery to reduce pain and prevent 
bone destruction, the use of bisphosphonate and 
denosumab. Radiation therapy is the most 
frequently used mode of treatment. [4] When a 
cancer is recurring after one kind of treatment, 
there is a possible that another mode of 
treatment may be successful, or at least shrink 
it. But the cancer tends to become resistant to 
all treatment, it is then important to weigh the 
possible benefits of a new treatment against the 
possible downsides. No matter what kind of 
treatment patient decides to go with, one has to 
make sure that the treatment is given to relieve 
the symptoms. This type of treatment is called 
palliative treatment. Palliative care helps 
relieve symptoms, but is not expected to cure 
the disease. It can be given along with cancer 
treatment, or can even be cancer treatment. [5] 
Minimally invasive procedures is preferred 
over conventional methods due to its high 
efficacy, fast recovery time, lower rate of 
trauma and minimal risk of complications. 

In this paper, we are going to discuss some of 
the interventional treatments available as a 
palliative treatment for bone metastases and 
suggest future direction for better management 
of patients with metastatic bone tumour. 

2. PALLIATIVE TREAMENT OF BONE 

METASTASES 

Conventional Treatment for cancer is either 
done systemically with chemotherapy or can be 
locally performed with surgery and 
radiotherapy. With the evolution in the field of 
minimally invasive procedures, new tools and 
innovative methods are made available for the 
treatment of cancer. [6] Three main factors must 
be taken into account prior to any image-guided 
interventions that is to be performed. 1) 
Adequate imaging of the affected site is 
essential for planning the procedure. Because 
plain radiographs are rarely adequate, cross-
sectional imaging with computed tomography 
(CT) or magnetic resonance (MR) imaging is 
necessary for evaluating the extent of disease 
and the proximity of the lesion to vital 
structures. 2) The location and severity of the 
pain must be determined by physical 
examination and validated pain scales 

respectively. 3) The patient's use of opioid 
analgesics must be inventoried as it can be 
translated into a morphine-equivalent dose for 
outcome analysis and future comparisons. [3]

 

 2.1 Thermal ablation techniques 

Due to the vulnerability of cancerous cells to 
extremely high temperatures, the use of 
different techniques to treat metastatic disease 
are available. [7] Several image-guided thermal 
ablation techniques have become evident as 
minimally invasive and productive therapeutic 
options in the management of painful bone 
metastases. Different types of ablative 
technologies have been used for the treatment 
of bone metastases which include 
radiofrequency ablation (RFA), cryoablation, 
microwave ablation, laser ablation, and focused 
ultrasound. [8] 

2.1.1 Percutaneous Radiofrequency Ablation 

Percutaneous RFA has gained acceptance over 
the past decade as the primary treatment for 
extra spinal osteoid osteomas, replacing the 
once-popular practice of removing these lesions 
surgically. Over the past few years RFA has 
been applied to treatment of painful bone 
metastases, with promising early results. RFA 
is reserved for patients with painful osteolytic 
bone metastases who are not suitable candidates 
for or have not benefited from other standard 
forms of therapy. [3]

 

Image guidance is an important factor for the 
success of this treatment as it contributes at 
every stage of the procedure. Computed 
tomography (CT) is used for image guidance. 
During the pre-procedure stage it used to 
evaluate the configuration and volume of the 
tumour, to select size of the electrode tip and for 
planning a safe path to the lesion. During the 
procedure, it is used to guide the needle and 
make sure that the non-insulated active tip of 
the electrode are localised. During the post-
procedure stage, it is used for the confirmation 
of the success of the procedure and for patient 
follow up. Due to good anatomical resolution of 
bone tissue and faster image acquisition time 
CT is preferred over other imaging modalities. 
[6] 

Certain indications must be satisfied to consider 
a patient as a suitable candidate for RFA 
treatment. The patient's pain must be correlated 
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to one or two site of metastatic disease in bone 
and it must be moderate to severe focal pain, 
rating 4 or higher on a pain scale from 0 to 10. 
Osteolytic, osteoblastic lesion and soft tissue 
metastases are complaint to percutaneous 
ablation techniques. A bone biopsy device or 
drill may be required in the case of osteoblastic 
lesion to establish an access tract for the 
ablation probe. A few contraindications to 
ablation technique include that the tumours that 
are less than 1cm away from the spinal cord, 
motor nerves, arteries, bowel and bladder 
cannot be treated by RFA. In case of Lesions 
present in weight bearing bones, they can only 
be treated if there is no risk of an impending 
fracture. Patients who have undergone prior 
surgical stabilization with metallic hardware 
and have recurrence of tumour at the surgical 
site are not eligible for RFA. Large 
hypervascular bone metastases are not suitable 
for RFA. [3] [8] 

Radiofrequency ablation of a cancerous bone 
tissue depends on its electrical conductivity. A 
device setup is made up of a RF generator 
which consists of an alternating energy of high 
frequency radiowaves (450 to 600 kHz). It is 
further connected to the electrode or the probe 
and the grounding pads (monopolar). A 
complete electrical circuit is created through the 
body. The RF current passes through the tissue 
because of the presence of excess ionic fluid. 
Since tissue is not a perfect conductor, it 
provides resistance against the RF current 
which causes heating of the tissue eventually 
leading to apoptosis. Two different operating 
modes are available for RF current application 
i.e. monopolar or bipolar modes. Monopolar 
mode consists of a single electrode which is 
used to deliver current at the site of the tumour, 
while ground pads acts as a surface electrode to 
complete the electrical circuit through the body. 
In bipolar mode, current flows between the two 
electrodes. Grounding pads are not required. [9] 

[6]  

During the RFA procedure, the patient is under 
conscious sedation or local or in some case 
general anaesthesia. Insulated biopsy needle is 
inserted to the site to provide a path and give 
coaxial placement of the electrode. RFA 
electrodes metal electrodes ranging from 14 to 
17 gauge is inserted through the cannula to the 
lytic component of the bone metastases. 
Electrodes can be straight or having an 

expandable array design with varying active tip 
length 0.7-3cm. Selection of the type of 
electrode and the size of the active depend on 
the size of the tumour to be ablated. On accurate 
insertion of the electrode, the cannula is 
withdrawn back so that it is not in contact with 
the active tip of the electrode. A high frequency 
alternating current is applied through the 
electrode which raises the temperature within 
the tissue to 60 to 100°C leading to immediate 
cell death. Ablations are usually performed for 
5-10mins depending on the size of the tumour 
and overlapping RFA ablations are performed 
at bone-tumour interface for pain palliation 
process. RF electrodes follow various strategies 
to restrict reaching high temperatures by 
including internal cooling with chilled water or 
diffusion of water along the electrode tines 
before, during or after the ablation. On 
completion of the procedure, RF electrode is 
withdrawn and a dressing is applied to the 
skin.[3] [8] [6] [10]  

 

 
 

Fig.1. A) CT scan showing tumour in the distal femoral 
epiphysis B) Biopsy needle within tumour C) Electrode 
within the tumour D) Image after RFA and cementation [6] 

 
RFA in bone tumour is mainly intended to use 
for palliative care to reduce the pain, improve 
functionality and quality of life for patients with 
painful bone metastases. But rarely, RFA can 
be used as a curative procedure for patients with 
single metastases restricted in size. 
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 2.1.2 Percutaneous Cryoablation 

On the contrary to RFA, Cryoablation uses 
extremely low temperatures to kill the tumours. 
It is one of the oldest thermal ablation technique 
with a high success rate of treatment for 
neoplasms in different organs. Early 
cryoablation procedures were restricted to 
intraoperative use as only large diameter and 
uninsulated probes were available. In this case 
liquid nitrogen was directly applied to the 
surgical field. Due to the advancement and 
development of miniaturised cryoprobes, 
percutaneous cryoablation was made feasible. 
Computed tomography CT, MR imaging and 
ultrasound can be used as an imaging modality 
for this procedure. But in the case of bone 
metastases CT is preferential over other 
modalities. Although real time monitoring is 
not possible, its fast image acquisition is 
sufficient for this process. [11] [12] 

 

Fig.2. A) Contrast enhanced CT image shows metastatic 
esophageal sarcoma at the scapula B) Ultrasound image 
shows cryoprobe placement into the metastases C) 
Unenhanced CT image shows ice ball encompassing the 
metastases [10] 

Cryoablation follows the principle of freezing 
the tissue to critically low temperatures which 
leads to injury in the cell by crystallization of 
water molecules and also by intrusion of the 
microcirculation of the tissue being treated. [12]

 

Certain indications must be satisfied to consider 
a patient as a suitable candidate for RFA 
treatment. The patient's pain must be correlated 
to one or two site of metastatic disease in bone 
and it must be moderate to severe focal pain, 
rating 4 or higher on a pain scale from 0 to 10. 

Osteolytic, osteoblastic lesion and soft tissue 
metastases are complaint to percutaneous 
ablation techniques. A bone biopsy device or 
drill may be required in the case of osteoblastic 
lesion to establish an access tract for the 
ablation probe. A few contraindications to 
ablation technique include that the tumours that 
are less than 1cm away from the spinal cord, 
motor nerves, arteries, bowel and bladder 
cannot be treated by this method. [3] [8]  

Patient is under conscious sedation or local 
anaesthesia (in some cases general anaesthesia) 
may be used for this procedure. In certain cases, 
a biopsy needle is essential to create an access 
path for the cryoprobe to reach the lesion. 
Cryoprobe, usually in the range of 11 to 17 
gauge and 1.2 to 2.4mm [10] in diameter is 
inserted into the target tissue. Needle is 
withdrawn from the active tip of the cryoprobe 
so as to avoid the unnecessary transmission of 
ice to various locations. Then, room 
temperature argon gas is delivered through the 
cryoprobe. Due to the rapid expansion of the 
high pressure gas as it flows through the distal 
tip of the cryoprobe, the temperature drops 
down around -100°C in a few seconds. An ice 
ball of 3.5cm in size is generated. Multiple 
cryoprobes (upto 25) may be used 
simultaneously to generate larger ice balls 
which depends on the size of the target tumour. 
In the case of multiple cryoprobes, the distance 
between them within tumour should be 
approximately 2cm and 1cm away from the 
tumour margin. Helium gas is then passed 
through the cryoprobe to attain the thawing 
effect. Repeated freeze and thaw technique is 
necessary to avoid unnecessary cell death 
between temperatures 0 to -20°C. In the first 
freezing phase, the ice crystals are formed 
outside the cell. When thawing phase 
commences, the water formed diffuses inside 
the cell due to the difference in the osmotic 
gradient across the cell membrane. Duration of 
this phase directly determines the extent of cell 
damage caused. The presence of water within 
the cell causes the formation of ice crystals 
within the cell during the second freezing phase 
eventually leading to rupture of the cell 
membrane and cell death. [13]

 The freeze- thaw- 
freeze was performed for 10min-8mins-10mins 
respectively. [14] The variations in these times 
depend on the state of the lesion covered by ice 
and its presence to the critical nearby structures. 
Apoptosis occurs at a temperature of -40°C or 
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lower, which is in turn at a depth of 3 mm from 
the edge of the ice ball margin.  Cryoprobes are 
finally thawed for few minutes until they attain 
a temperature of approximately 25°C before 
removing them from the patient and a dressing 
is applied to the skin. [8] [10] [7]

 

2.1.3 Microwave Ablation 

Microwave ablation (MWA) uses the same 
principle as RFA i.e. deploying high 
temperatures to kill the tissue. However, MWA 
uses a different mechanism to attain cytotoxic 
temperatures. Tissues in the human body are 
dielectric materials. An alternating 
electromagnetic (EM) field is applied to these 
tissues resulting in dielectric heating. Since the 
water molecule present in the tissues are polar 
by nature, they tend to oscillate rapidly out of 
phase with the applied EM field. During this 
process when the water molecule oscillates 
back and forth, they absorb some of the EM 
energy and thus converting them to heat energy. 
Tissues with high percentage of water molecule 
absorb more EM energy, resulting more heating 
and vice versa. Hence the EM microwaves heat 
the tissue by disturbing the water molecules 
which leads to the production of friction and 
heat, in turn leading to cell death. [15] [9] 

 

Fig.3. Tissue properties at RF and microwave frequencies 
at 37°C [9] 

Percutaneous microwave ablation is performed 
under conscious sedation or local anaesthesia 
and general anaesthesia in some cases. Both, 
Ultrasound and CT can be used for image 
guidance but CT is the most preferred choice of 
imaging modality used for the localization of 
the tumours. The setup consists of a microwave 
generator which delivers energy in the 
frequency range of 915MHz-2.45GHz. A thin 

microwave antenna ranging from 14-11 gauge 
is inserted into the tumour. In some cases, a 
biopsy needle is necessary to pierce through the 
bone and provide a coaxial access path for the 
microwave antenna. The cannula is further 
withdrawn from the active non insulated part of 
the antenna in order to avoid unnecessary 
dissipation of heat and burns. A single antenna 
can treat tumours less than 3.5cm in diameter. 
For treating tumours larger than 3.5cm in size 
multiple antenna can be used simultaneously, 
each connected to its own generator. An 
electromagnetic microwave is emitted from the 
exposed non insulated part of the antenna thus 
killing the tissue. It is possible to achieve high 
intra tumour temperature, larger ablation zone 
and faster procedure time using percutaneous 
microwave ablations. No grounding pad is 
required during this process as it does not 
depend on electrical current. On completion of 
the tumour the antenna is withdrawn and a 
dressing is applied on the skin. [16] [17] [15] [9] 

Microwave ablation even though it’s proved to 
be effective, not many clinical study has been 
performed. Based on a study by Claudio 
Pusceddu  et al microwave ablation is proved to 
be minimally invasive, safe, effective and well 
tolerated by patients. As per the study, during 
the 3 month clinical follow up, out of 18 
patients 13 of them where symptom free. 4 of 
the patients were symptomatic with 
considerably lower pain score. Only 1 patient 
experienced reoccurrence of symptoms. 
However the study demonstrates the palliative 
effects of microwave ablation but it was limited 
by the short life expectancy of the patients. 
Further studies with longer follow up period is 
necessary to replicate the results and prove its 
efficacy. [17] 

2.1.4 Laser Ablation 

Laser ablation is also known as laser 
photocoagulation or laser interstitial thermal 
therapy (LITT). It uses the highly coherent, 
monochromatic light to induce heat energy in 
the tissue which leads to denaturation of 
proteins further killing it. Neodymium yttrium 
aluminium garnet (Nd:YAG) type of laser is 
often used for this procedure with a wavelength 
of 1,064nm. Whole procedure can be done 
under intermittent and real time image guidance 
of magnetic resonance (MR) imaging. [18] 
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Percutaneous Laser ablation is performed under 
conscious sedation or local anaesthesia (general 
anaesthesia may be used in some cases). Low 
power (2W) light energy is directed through a 
thin quartz fiberoptic with disperse tip which is 
usually 400 μm in diameter. Each fiber is 
expected to ablate ~1.6cm diameter of tissue in 
the bone. For ablation of larger volumes of the 
tissue, multiple fibers may be used which is 
placed 2cm apart from each other in the lesion. 
If the lesion is surrounded by a thick cortical 
bone, a bone drill needle (18gauge) is inserted 
to create an access path through which the fiber 
is inserted coaxially. The needle is withdrawn 
to expose the active tip of the fiber. Once in 
place the laser is activated at low power for 
about 6mins to 10mins depending on the size of 
the target. Target temperature thresholds 
(thermometry) can be placed on the vital 
structures like vertebra, neural elements, 
paraspinal tissues or pelvis to provide real time 
feedback. When the temperature reaches the 
threshold temperature, the target temperature 
threshold sends a feedback causing the laser to 
shut down automatically thus protecting the 
vital structures. Overlapping ablations may be 
necessary if the target is large in size. [13] [19] 

Laser ablations shows high success rate and the 
extent of pain after the procedure is 
considerably reduced thus improving the 
quality of life. It is proven to be safer option to 
treat cases such as metastases present in the 
spine over other thermal ablation technique. 
Even though the result is promising, further 
research is required to prove its efficacy.  

2.1.5 High Intensity Focused Ultrasound 

High intensity focused ultrasound (HIFU) is a 
type of non-invasive thermal ablation 
technique. It uses the principle of heating a 
tissue between 65°C and 85°C by focusing high 
intensity ultrasound energy on to the target 
tissue. Either MR imaging or Ultrasound can 
used as an image guiding modality.  MR guided 
focused ultrasound (MRgFUS) has an 
advantage over treatment guided by ultrasound 
like better soft tissue imaging which gives us 
good demarcation between two tissues and the 
possibility to monitor the heat produced 
accurately during the procedure. Criteria for 
HIFU include that the tumour must be visible 
on the MR imaging, must not be blocked by 
bowel and scarring and target bone should be 

minimum 1cm away from the bone. It can be 
used for the treatment of ilium, pelvis, sternum, 
limbs, ribs, shoulders and posterior part of the 
lower lumbar spine. Persons with metallic 
implants, unstable or stabilized bone and 
extensive scarring cannot be treated. [20] 

 

 

 

 

Fig.3. Ultrasound treating tumour inside the MR scanner 

[30] 

 
 

HIFU is performed with the patient lying inside 
the MR imaging scanner. Usually conscious 
sedation or local anaesthesia. After accurate 
planning of the treatment based on preoperative 
images the patient was positioned accordingly 
in reference to the ultrasound. Initially only low 
power sonifications were performed to ensure 
accuracy. Contrast enhance MR imaging scans 
were performed to ensure ablation zone and that 
there was no damage to other tissues. [21] 

According to a study by Chuanxing Li et al, 
using ultrasound as image guidance, it is seen 
that a patients experienced fever, swelling in the 
target area, burns and numbness. All symptoms 
were normalized within a week. HIFU can used 
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as treatment option for palliative care and in 
adjuvant to chemotherapy as well. [22] 

 

2.2 Cementoplasty 

Spinal metastases are seen in patients with 
advanced stages of cancer. It leads to 
abnormalities in the posterior margins of the 
vertebral body causing fracture, which in turn 
causes pain and decreases the quality of life. 
Vertebroplasty and kyphoplasty are minimally 
invasive procedures used to treat fractures and 
relieve the symptoms. [23] 

 

2.2.1 Vertebroplasty 

Vertebroplasty takes place with local anesthesia 
or conscious sedation, under the guidance of x-
ray fluoroscopy. A biopsy needle (11-13 gauge) 
is inserted into the fractured vertebra 
percutaneously and x-ray images are taken to 
ensure accurate positioning. Bone biopsy can 
be performed coaxially with a needle. 
Polymethylmethacrylate (PMMA) cement is 
inserted into the fractured site via the hollow 
needle, which hardens in 5-10 mins providing 
an internal cast like support to stabilize the 
vertebra. Needle is removed and the incision on 
the skin is covered with a bandage. [24] 

 
2.2.2 Kyphoplasty 

Kyphoplasty is used to restore the height of the 
vertebra in addition to relieve pain. It is also 
performed under the guidance of x-ray 
fluoroscopy. Patient, under general anesthesia 
or conscious sedation is pierced with biopsy (8 
gauge) needle, which is inserted into the 
fractured vertebra. Bone biopsy can be 
performed coaxially with a needle. A balloon is 
inserted via the needle which is then inflated on 
reaching the fractured site to create a cavity for 
the cement and restore the normal height of the 
vertebra. Balloon is deflated and removed. 
Polymethylmethacrylate (PMMA) cement is 
inserted into the cavity, which hardens in 5-10 
mins, stabilizing the vertebra. Needle is 
removed and the incision on the skin is covered 
with a bandage. Kyphoplasty is 5-10 times 
more expensive compared to vertebroplasty. [24] 

 
Vertebroplasty and kyphoplasty shows similar 
rate of pain reduction and increase in quality of 
life. Both the procedures pose the same 
complications like pain around the injection 
site, allergic reaction to the cement and 

infection. Leakage of the cement into the 
epidural space and neural foramina leading to 
spinal cord compression or nerve root 
compression, pulmonary embolism and venous 
embolism is feared to be the main issue. These 
procedures can be performed after thermal 
ablation technique to stabilize the bone in case 
of impending fracture and these combination of 
procedures is widely being used with a 
palliative intent to treat painful bone 
metastases. [29] 

 

 
 
 
Fig.4. A) CT scan shows lytic lesion in the femoral neck 
B) Electrode in place C) CT scan during cementation D) 
Image after ablation and cementation [6] 
 
 

2.3 Transcatheter Arterial Embolization 

 Transcatheter arterial embolization (TAE) 
procedure is used to treat hypervascular bone 
tumour which pose risk of excessive bleeding 
during any procedure. X-ray fluoroscopy is 
used for image guidance and angiograph is 
performed to study the nature of the vessels 
feeding the tumour. Artery is catheterized. 
Catheter is selected based on the size of the 
vessel and can vary from 4-6F catheter. 
Microcatheter of 2.7F is inserted coaxially 
through the larger catheter to reduce the risk of 
false embolization. [25] Selective embolization 
agents can be delivered to occlude the vessels. 
Permanent solid particles like polyvinyl alcohol 
(PVA) is used to block arteries supplying the 
tumour and temporary solid particles like 
gelfoam is used to block proximal feeding 
arteries. Generally only conscious sedation is 
used during the procedure, but in case of 
patients with severe unbearable pain general 
anaesthesia may be required. A study was 
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conducted by Kassamali RH et al on 33 patients 
with bone metastases. They were treated with 
TAE, TAE combined with radiotherapy and 
radiotherapy alone. Study showed that TAE 
alone resulted in immediate pain relief. 
However 75% of these patients experienced 
symptomatic reoccurrence in comparison to 
20% of those who were treated with combined 
TAE and radiotherapy. [24] Preoperative 
transcatheter arterial embolization can be 
performed in combination with other treatment 
thereby reducing the risk of bleeding from the 
tumour site. [3] [25] 

 
 
Fig.5. A) MR image shows hypervascular metastases of 
the left pubic ramus B) Angiogram of the common iliac 
artery shows hypervascular mass supplied by the obturator 
branch of the internal iliac artery C) Post TAE angiogram 
of the common iliac artery showing D) and E) Axial, non-
contrast enhanced CT images showing RFA [8] 

 
3. FUTURE OUTLOOK 

 
Research is on progress to aid the development 
of more effective treatment for cancer in the 
future and interventions have a major role in it.  
Several procedures are currently in research 
phase which deals with innovative approach to 
betterment of cancer management. 
 
3.1 Magnetic Chemotherapy 

  

Magnetic nanoparticle, which acts as an 
intermediate of heat is combined with cancer 
killing drugs in the same nanoformulation 
which can be used for the application of 
hyperthermia in combination with 
chemotherapy. This is can be used as an 
effective tool in the treatment of cancer. The 
blood vessels feeding the tumour is infused 
with the combination of drug-magnetic 
nanoparticles with the help of a catheter. A 

patient is positioned with the tumour site 
directly under the presence of a rare earth 
magnet so that the magnet attracts the 
combination of drug-magnetic nanoparticles 
out from the blood vessels and lodge them on to 
the tumour. This helps in achieving localised 
treatment of the cancer while avoiding damages 
to the healthy tissue and other symptoms as in 
the case of conventional chemotherapy. [27] 
 
3.2 Gene therapy 

  
Gene therapy is an essential tool of the future 
which is expected to provide new innovative 
approach to the treatment of cancer which aids 
the survival of cancer patients. Patient’s 
immune system can be altered with cancer 
killing genes in vitro and can be returned to the 
body where they can fight cancer more 
effectively. Or a cancer cell itself is removed 
from the patient and is altered genetically in 
such a way that the patient’s immune system 
holds a strong defence mechanism against it. In 
this case genetically altered cells acts as a 
cancer vaccine. Another way of approach 
would be to introduce a gene in to the tumour 
which makes them more vulnerable to 
chemotherapy and other cancer killing agents 
and making bone marrow and other organs 
resilient to chemotherapy. With the variety of 
approaches available in gene therapy, 
introducing the genetically altered cells is an 
issue. Interventions play a vital role to 
overcome this obstacle with the help of image 
guidance to guide catheters and other tools. 
Gene therapy even though in its early blooming 
stage, creates a hope that an effective treatment 
of cancer can be achieved in the near future. [28]

 

     
     Fig.6. Different approaches of gene therapy [28] 
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4. CONCLUSION 
Due to the ongoing evolution in the treatment 
methods of cancer, the survival rate of the 
patients suffering from bone metastases is 
increasing. A variety of treatment options are 
available but the selection criteria should be 
based on the nature of the disease and the 
systemic condition of the patient. Minimally 
invasive procedures have gained recognition 
and are being preferred over conventional 
methods due to its advantages like high 
efficacy, fast recovery time, lower rate of 
trauma and minimal risk of complications. In 
case of benign tumours its use for curative 
purpose however it is mostly intend for the 
palliative treatment for painful bone metastases. 
[23] 

The primary goal of palliative treatment of 
painful bone metastases is the symptomatic 
pain relief which is achieved by ablating the 
interface between the tumour and pain sensitive 
periosteum. RFA is most commonly used 
thermal ablative technique for treatment of 
bone cancer. Cryoablation can also be 
performed which shows the similar result and 
offers advantages like using low temperatures 
to ablate the tumour and the ability to monitor 
the ice ball formation with help of image 
guidance like CT or MR imaging to avoid 
damage to tissue present in the vicinity. [13] 

Other thermal ablation technique microwave 
ablation, laser ablation and HIFU also shows 
significant reduction in pain and improve the 
quality of life. Bone consolidation in case of 
weight bearing bone may be necessary which 
can be achieved by cementoplasty.  It is a quick, 
cost-effective procedure that can be performed 
in combination with other procedures. 
Preoperative Transcatheter arterial 
embolization can also be performed in 
combination to avoid excessive bleeding from 
the tumour site where hypervascular structures 
are concerned.  

 
A better understanding of available procedure 
is necessary to obtain the optimum results. 
Collaboration of different treatments is often 
required for complex cases, but preference 
should always be given to one with the lower 
risk of complication. Also, knowledge about 
thermal protection techniques is necessary to 
avoid complications when performing thermal 
ablation in the vicinity of the neural structures. 

With the evolution of new techniques like 
magnetic chemotherapy and gene therapy at the 
horizon, there is a possibility for developing 
new treatment methods to cure or improve the 
quality of life of people suffering from the 
dreadful disease, so called cancer. 
�
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Abstract— Exponential technologies are making its way in 

Healthcare since past few years. This disruption and 

transformation is bringing innovation which can change 

entirely healthcare system. While these innovations have 

produced some stunning results, they have been relatively 

narrowly focused and mostly incremental in nature. We are 

in the middle of a medical revolution driven by exponential 

technology: Artificial Intelligence (AI), Sensors, Robotics, 3D 

Printing, mHealth and Diagnostic Scanners. This review 

paper is mainly focused on exponential technology 

advancement of healthcare in recent years and outcome in 

upcoming years. It is important to promote technology 

development because some of developing countries as well as 

third world countries are facing problem with delivering some 

of basic medical care. So, the future of exponential technology 

in the medical will be promptly very useful to make the world 

to access basic needs. On the other hand, Challenges like 

security, privacy and high quality delivery to this new 

innovation is a critical issue. However, the future of 

healthcare is ready to make changes with considering 

challenges within technological innovations. 

 
Keywords—Exponential technology; Artificial Intelligence; 

Robotics; Wearable sensors; mHealth; Diagnostic Scanner 

1. INTRODUCTION 

Staying healthy and getting appropriate medical 
care is certainly one of the most important issues in our 
society. In a certain way, enormous investments are made 
to improve the delivery of the health management system. 
Among the different ways to optimize healthcare, 
technology plays an important role. As a human being we 
thinks linearly in terms of what we experience, that is how 
our minds are wired. “Thirty linear steps is thirty steps, 
but thirty exponential steps is a billion” [1].So, some of 
medical technologies are/will accelerating to exponential 
rate. It will not only help to increase the quality, 
effectiveness and efficiency of health related procedures, 

but it will enable new ways to practice medicine. In the 
coming years, the so-called ‘age wave’ (Fig 1) will also 
magnify the problem, if no solutions to reducing 
incidence or costs are found. Apparently, the success of 
medicine is to a large extent based on technology driven 
innovation. In the past few decades we have increasingly 
seen breakthrough improvements in medicine that were 
induced or supported by new technologies, and that were 
unthinkable without them, leading to better and often 
revolutionary new ways to detect or solve health 
problems. 

 

 
Fig 1Population aged 60 -79 years and aged 80 or over by development group, 

2000, 2015, 2030, 2050 [23]. 
 
 The concept of AI in medicine has enable the 

capacity to store and process data in an intelligent manner, 
and translate that information into functional tools. 
Advances in imaging technology, with the invention of 
computed tomography (CT) or magnetic resonance 
imaging (MRI) about three decades ago, have certainly 
marked disruptive change for many procedures in 
diagnosis and therapy. Smart sensors are for accurate 
detections and early warning of health conditions for 
users in interactions with different living scenario. 
Upcoming future in healthcare, with Robotics in surgery 
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room and rehabilitation center, can lead us into new 
frontier. 3D printing, also known as additive 
manufacturing, provides the freedom to produce custom-
made medical products and equipment. mHealth is 
becoming a popular option in underserved areas where 
there is a large population and widespread mobile phone 
usage. Which can be helpful in developing countries, 
where physicians cannot be accessed easily.  

With all the benefits of innovations in healthcare, 
risks also come with along it. A group of experts discuss 
what those dangers are and how to deal with them. 
Despite these risks, it seems the healthcare industry has 
accepted the fact that technological reformation is 
coming. In order to prepare and remain as safe as possible, 
there are steps that providers and manufacturers can take. 
It is the general intention of this paper to present a 
collection of innovative and valuable contributions to 
healthcare technology that can grow exponentially. The 
topics were selected to cover different application areas 
ranging from hospital to home, and to create different 
views on how technology influences critical aspects of 
patient care. 

 2. EXPONENTIAL TECHNOLOGIES IN 

HEALTHCARE 

“Technologies that doubles in power or 
processing speed every year, while their cost halves.” Fig 
2 shows how the exponential growth disrupt in 
accordance with time. 
 

 
Fig 2 Linear vs. Exponential growth  

 

Some of the exponential technologies in 
healthcare that are showing their way of development are 
discussed further in a broad way: 
 
2.1 ARTIFICIAL INTELLIGENCE: 

Artificial Intelligence is defined as the science 
and engineering of creating intelligent computer systems 
that are able to perform tasks without receiving 
instructions directly from humans. AI can support a wide 

range of applications and services including automated 
diagnosis, personalized medicine, patient monitoring, 
location based medical services, emergency response and 
management, access to medical data, and home 
monitoring. The objective of computer-assisted decision 
making in medicine aims to allow the medical experts to 
use the computer as a tool in the decision process. In 
general, the term intelligent electronic healthcare systems 
refers to automated systems that process medical data 
such as clinical   examination or medical images and 
provide estimated diagnoses. The estimations are often 
based on the analysis of details that avoid the human 
visibility as well as large amounts of medical history that 
humans cannot possibly consider or analyzing non-visual 
characteristics of medical data. Although such systems 
typically do not reach 100% success, which means that 
they cannot substitute the working physician. However, 
IBM Watson is a one of its kind of example. Many 
scientist and researchers believe that it will redesign the 
healthcare system [4]. Fig 2 describes the example of use 
of AI in the fully integrated medical system to improve 
the delivery of services. 
 

 
Fig. 2 A fully integrated medical AI application [3] 

 
The most examinations or important processes in 

the development and operation of Medical Decision 
Support Systems are (i) the Acquisition of information 
regarding the diagnosis classes and (ii) the actual 
classification of a given case to a diagnosis. The two steps 
are actually closely related to each other, as the type of 
classifier chosen in most cases also indicates the training 
methodology to use [2]. The most well-known and widely 
applied approaches can be briefly summarized and 
categorized as follows: 
� The examined case is compared directly to other cases 

and similarities are used in order to provide a most 
probable diagnosis. 

� Different types of classifiers are trained based on 
available health records, so that the underlying data 
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patterns are automatically identified and utilized in 
order to provide more reliable classification of future 
data. 

� Information extracted automatically from medical 
history, or provided manually by human experts, is 
organized so that diagnosis estimation is provided in 
a dialogical manner through a series of 
question/answer sessions. 

� Multiple simple classifiers are combined in order to 
minimize the error margin. 

� Information provide by human experts in the form of 
simple rules is utilized by a fuzzy systems in order to 
evaluate the case in hand. 

In conclusion, there are various use of AI in 
clinician practice such as: Generating alerts and 
reminders, Diagnostic assistance, Therapy critiquing and 
planning, Image recognitions and interpretation, which 
can help to improve the future assistance for patients as 
well as for physicians. 

2.2 WEARABLE SENSORS AND SYSTEMS: 
The increase of aging population, the shift from 

the classical “hospital centered healthcare” to “patient 
centered health,” and the remarkable advances in science 
and technology has started an evolution in personalized 
biomedical devices for healthcare applications. A 
personalized biomedical device is typically wearable, 
portable, implantable, or swallowable based on the need 
for individual patients. Personal biomedical devices can 
be divided into two major categories: non-intrusive and 
intrusive. Nonintrusive devices normally fit onto the 
patient body with some additional outfit. Intrusive devices 
are those going into the body that may stay for certain 
duration [6]. It will help the delivering of healthcare 
services to the patient in a timely, precise and cost-
effective manner. The types of devices, just to name a 
few, range from sensors, robotic sensing systems, and 
haptic devices. 

There are many research prototype and 
commercial products available in healthcare. The typical 
example includes smart watches like Apple watch series 
2 and Moto 360, Tech Fabric like Samsung smart clothing 
which monitors biometric data, Fitness and health 
trackers like Fitbit Charge 2 and Garmin Vivosmart HR 
for automatic activity and sleep tracking etc [7]. In 
general, wearable sensors and systems takes the following 
main functions in terms of health monitoring:  
� To measure a real-time bio-signal for local 

processing, 
� To alert the medical emergency system if vital signs 

drop below certain threshold,  

� Monitoring symptoms to facilitate medication 
measurement, 

� Assessing the outcomes of therapeutic interventions 
for maximize patient benefits. 

 

2.2.1 WEARABLE SENSORS: 
Sensor gathers data from the wearer and pass on 

the information to a processing unit. The design of sensors 
to detect wearer’s motion and the sense of touching works 
on the basic principle of mechatronics. Fig 3 shows the 
sensors with passive monitoring, interfacing it with local 
input and communication networks can be beneficial for 
connecting the wearer [8]. One area of great promise is 
the integration of diagnostic and therapeutic systems into 
theranostic devices. Recently a multifunctional wearable 
device has been developed that records muscle activity 
and is integrated with a controlled transdermal delivery 
system for releasing nanoparticles [9]. 
 

 
Fig 3.The view of wearable sensor’s role in healthcare [8] 

 

 

 

2.2.2 WEARABLE HAPTIC DEVICES: 
On the medical front, wearable haptic devices 

have tremendous impact as a tool in assisting 
rehabilitations. Markow et al. [10] put forward an 
interesting system as the Mobile Music Touch (MMT) for 
hand rehabilitation. It is a lightweight, wireless haptic 
glove design for passive haptic learning. Preliminary tests 
show that the system is capable of assessing the 
improvement in patients with tetraplegia. Tele-
rehabilitation is much needed for post-stroke patients 
where they can perform exercises at the comfort of their 
home. 
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2.2.3 INGESTIBLE MEDICAL CAPSULE: 
These devices could be swallowed by patient and 

offer non-invasive alternatives compared to traditional 
endoscopy or surgery for diagnosis or treatment of 
gastrointestinal disorders. Wireless capsule endoscope is 
a good example of such devices. The future advancement 
of wireless capsule can replace traditional procedures by 
active locomotion, body fluids/tissue sampling, and drug 
delivery. 
 
2.3 ROBOTICS: 

The definition of Robot is as a “Reprogrammable 
machine”, Researchers predicted that it will replace 
human workers in near future and next application of 
robots is medical and healthcare field. Nowadays, surgery 
is changing its way of conventional way to minimally 
invasive procedures, which provides fast recovery, low 
risk of pain and infection, and less psychological pressure, 
and hence are used widely in various field of medical. 
However, the technique is more difficult due to limited 
working space, the difficulty of using image-guide 
equipment as CT and MRI in interventional procedures 
and require much more time and effort to achieve relevant 
skill for doctors. Robotics can provide solutions for these 
limitations as well as manual procedure through 
integration of electromechanical devices. For example the 
Da Vinci surgical system by Intuitive Surgical in the U.S., 
which is a predominantly used system at present, is a 
laparoscopic surgical robot with 7 degrees of freedom, 
and allows the doctors to perform detailed laparoscopic 
surgery through dexterous movements of surgical 
instruments with high degree of freedom and stereo 
endoscope system with high resolution [11].  

Fig 4 shows different categories and important 
keywords relating to Medical Robots [12]. Therefore, 
Robotics systems can effectively facilitate the procedure 
augmenting the dexterity and more accurate medical 
imaging information handling for the clinician. On the 
basis of categories the Robots can be explained as 
follows: 
1) Robotics for patient safety 

As mentioned above, due to difficulties related to 
minimally invasive surgery, Robotics can help a lot in 
healthcare. Medical simulation with robotics can make 
patient safety up to its level because in surgery the sense 
of the touch has been reduces. Researchers and medical 
simulation industries working on the development of 
versatile force feedback, cost effective tactile feedback 
etc., which can make the upcoming future of the Robotics 
very reliable. On other hand, despite the Success of Da 
Vinci,  there  are  many  procedures  awaiting   advanced  

 
Fig 4 Major categories of Healthcare Robots [12] 

 
technologies. This development will change the future of 
the hospitals as well as operating rooms. 
2) Rehabilitation and Assistive Robots 

To meet the demands of aging society, number of 
therapist is less compared to patients. Robotic 
rehabilitation is expected to support a therapist, allowing 
more intensive and repetitive training, and to assess 
patient’s recovery quantitatively, measuring changes in 
movement kinematics and forces. Many kinds of robotic 
rehabilitation systems have been developed but not 
clinically evaluated thoroughly. 

Thus, aging society which would be a big part of 
population in upcoming future, will be benefited by this 
technologies to overcome the shortage of clinicians and 
therapists. 
 
2.4 3D PRINTING: 

Personalized and precision medicine is the future 
of the current medical innovations. 3D printing or rapid 
prototyping has intersected both medicine to enable both 
purposes. Today image guided surgeries become 
integrated in a therapeutic team together with different 
surgical specialist. However, we are limited by the use of 
flat screens for the visualization of three-dimensional 
imaging data. An emerging technique, referred to as 3D 
printing or rapid prototyping, overcomes this limitation 
by producing three-dimensional objects [14]. 
 
2.4.1 GENERATION OF 3D OBJECTS 
 Source data acquired from an imaging modality 
which is visualized in two dimensions. With post 
processing tools and algorithms, it is possible to produce 
multiplanar reformations and three-dimensional views of 
the anatomy. The process chain involved from image 
acquisition to production of a three-dimensional rapid 
prototype model consists of three steps: “Image 
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acquisition”, “Image post-processing” and “3D printing” 
[15]. 
 

 
Fig 5 The process chain involved from image acquisition to production of a 

rapid prototype model [15] 

 

2.4.2 MEDICAL APPLICATION 3D OBJECTS: 
In last decades, rapid prototyping has been used 

in a variety of medical application like individual patient 
care in surgical planning, implant and tissue designing, 
medical research and medical education and training. 
Nowadays, FDA approved drug manufacturing using 3D 
printing technology for epilepsy by APRECIA 
pharmaceuticals is available in the US [16]. 

With help of 3D printed objects, we can reduce 
operation time, cost of tissue or organ implants, and 
increase the availability of simple organs like kidneys, ear 
with increased capability compare to natural organ or 
tissue. Although, the main advantage stated by many 
authors are reduced surgery time, improved outcomes, 
less radiation exposure and handle complex surgeries 
with less experienced surgeons [17]. The breakthrough of 
rapid prototype will change the future for patients with 
disabilities due to organ malfunction. 
 
2.5 mHEALTH (TELEMEDICINE): 

Information technology is integral to people’s life 
deeply, and will be evolving and expanding continuously. 
People who are unable to go to the hospital to see doctors 
could also enjoy healthcare with medical service at home 
by taking advantage of the technology. With remote 
monitoring devices and wireless sensor networks, doctors 
and carers can check the status of patients at anytime, 
anywhere. Information technology has certainly advanced 
healthcare systems in the way that patient data is stored 
and retrieved. As a result, health information services on 
administration including paperwork and workload of 
health professionals have been largely reduced [25]. 

 It is challenging to ensure the delivery of 
healthcare services to everyone who needs the service, 
especially people who live in remote and rural regions. 
Many research projects are ongoing, especially in 
developing countries such as Iran and Malaysia, with an 
aim to extend healthcare systems to rural areas away from 
modern cities. Telemedicine and telemonitoring 
technology is not only used to help in emergency 
situations, but also with patients who have chronic 
diseases. When patients are unwell to travel but do need 
medical services, telemedicine provides great advantages 
to them. Some patients, especially the elderly, feel more 
comfortable to stay at home rather than hospital. 
Telemonitoring can then provide health services to them. 
The state-of-the-art applications used in telemedicine and 
the systems that are designed for telemedicine, such as 
smart home or remote monitoring using robots, smart 
phones, or wireless sensors that can be placed in the 
patient’s home. Fig 6 shows the future of the telehealth 
for patients for intensive care [18]. 
 

 
Fig 6 The future of Telehealth interconnected with hospital to home for 

intensive care [18] 
 With special applications, smart phones can also 
be used to assist in capturing unusual sounds, for example, 
crying for help, or the user’s movement from one place to 
another to detect wandering of aged people at early stage. 
Researchers have pointed out role will be played by 
telemedicine in the future healthcare industry [24]: 
� Smart systems that are designed to prevent risks 

associated with specific diseases (e.g. chronic 
illnesses). 

� Develop and improve technologies that monitor and 
assist elderly and disabled people.�

� Focus on how to manage emergency situations�

In general, Telemedicine will improve health care 
cost, improve access to care, more productive workforce, 
and better patient experience. 
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2.6 DIAGNOSTIC SCANNER: 
The power of exponential growth is more evident 

in computational speed as suggested by “Moore’s Law”- 
as predicted in 1965, computational speed doubles on an 
annual basis [19]. This also applied on today’s state-of-
the-art CT scan, which completes scan in 30 seconds with 
2400 slices in 20 GB, and in five years CT scanners would 
be able to obtain 1 terabyte of information per scan.�We 
are now in the era of real-time functional MRI (fMRI), 
enabling researchers and new companies (like Omneuron) 
to delve into the brain and address issues, personalize 
drug regimens, enable real-time biofeedback, and show 
efficacy in the treatment of ailments from chronic pain to 
addiction [20]. 

Hybrid imaging, the combination of two 
modalities (positron emission tomography with CT scan: 
PET-CT), and the addition of molecular imaging has 
enhanced, for example, the location and qualities of a 
particular tumor.� Increasingly improved CT scan and 
layered MRI reconstruction enables a resolution, not only 
for diagnosis but also down to the neuronal level, for 
understanding of normal and diseased pathways and 
insights into possibilities for reverse engineering neural 
circuitry. This convergence has led to far higher levels of 
precision, but also presents a challenge in terms of the 
ability to store, read, and interpret the images and extract 
in a useful way the massive amount of digitized data 
contained within. In addition, scanners are getting smaller 
and are more mobile. For example, relatively portable CT 

and MRI scanners down to hand-held ultrasounds (at less 
than a $5K price point) entered the clinical arena [21]. 

The speed, resolution, and access to imaging data 
are now enabling the redesign of major traditional 
medical procedures. With the addition of artificial 
intelligence (AI) algorithms, a higher degree of sensitivity 
and specificity is being gained for the detection of 
pathologic lesions that may have been missed by standard 
radiologist reading. A Stanford University spinout 
called Heart Flow is leveraging image data through high-
speed CT scan and cloud-based data analysis. Using 
computationally intensive cloud-based fluid dynamic 
calculations, their technology can measure and indicate to 
the cardiologist the rate at which blood is flowing before 
and after a coronary artery lesion, and determine which 
patients require invasive cardiac-diagnostic procedures 
(including placement of coronary stents) and which 
patients do not. This technology has the potential to save 
money, prevent almost half of the unnecessary 
angiograms performed each year, and improve patient 
outcomes at lower overall cost. 

We could say, in the future, the diagnostic 
scanner will play an important role in early diagnostic of 
coming threats to the patients.  

3.FUTURE TRENDS IN HEALTHCARE 

How will medical care look like in a few decades 
from now? The physician and the hospital concentrate 
much more on prevention and aftercare, instead of having 
their focus on the acute phase of medical care. As the 
exponential technology are hitting the door of medical 
industry, the change in future of the healthcare is obvious. 
The sum of technology which are discussed in this paper 
will have higher impact on the revolution in the medicine. 
 

 
Fig 7 Interconnected technologies will shift the care from hospital platform to 

home platform [22] 
 

The risk profile of the patient for acute or chronic 
disease is assessed by life style, family history, and 
genetic predictions with help of wearable sensors. All this 
data are stored with the help of electronic patient record. 
Artificial Intelligence will help to predict the data with 
comparing similar data from another patient and will give 
approximate accurate diagnosis.  The patient carries this 
information in his/her smart card with a large memory. 
The patient, depending on his/her risk profile, is regularly 
screened for the possible onset of acute disease or to 
follow the course of a chronic disease. If the onset of a 
disease has been detected by molecular diagnosis, the 
extent and the location of the disease is assessed by 
molecular imaging using a contrast agent specifically 
targeted to the disease. If surgical intervention is needed, 
this is done using an image-guided minimal-invasive 
procedure by Robotics. 

Pharmaceutical treatment is individually adapted 
to the patient in terms of the pharmaceutical. The dose in 
which the drug is delivered depends on a feedback system 
based on continuous measurement of the drug 
concentration at the targeted site in the body and the effect 
it has there. If relevant, the drug is only delivered at the 
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site where it is needed (‘local drug delivery’), e.g. by 
focused ultrasound and Ingestible capsule. Patients with 
organ or tissue malfunction can be benefited by the 
innovation in 3D printing which will reduces cost to 
transplant of simple organs like Kidneys. Telemedicine 
will change the healthcare in developing countries and 
third world countries with the help to access to 
experienced surgeons. Personal healthcare systems allow 
elderly people with chronic disease to stay at home 
instead of regularly visiting or staying at a care center. 
This can also helpful to improve fitness of people like 
young and old people. Fig 7 shows the future shift from 
general care to personal care with interaction of 
technologies. In general, we would be able to see totally 
new healthcare trendss in the  future. 

4.FUTURE CHALLENGES 

There are several challenges due to new 
innovative technologies. Some of the challenges are 
discussed as below [22]: 
 
4.1 SECURITY: 

Security is a primary concern in healthcare 
applications since they often deal with confidential and 
sensitive patient health data. To build a compliant 
telehealth application, specific encryption algorithms and 
data security standards need to be followed. Additionally, 
service needs to be completely secure with 
comprehensive data protection, access control, business 
continuity rules and procedures in place. Even if the 
information is protected, the attacker may blindly modify 
this encrypted information turning the information into 
counterfeit false data and deceive the recipient into 
believing that they come from a different originator. 
Medical industry should consider this threats. 
 
4.2 DATA PRIVACY AND REGULATION: 

There are a number of privacy laws and 
regulations that surround patient document rights, in 
particular how providers share information.  Inevitably, 
such regulatory measures put a burden on data fluidity and 
make it more difficult to adopt new technologies that 
involve data.  For the communication of patient 
information through the communication channel should 
be properly secured to protect patient confidentiality. The 
regulations aren’t just one size fits all, data protection and 
legislation differs greatly between countries. 
 
4.3 SIMPLE USER EXPERIENCE: 

User experience is of utmost importance when 
organizations are considering changing or adding new 
technology or working methods. This suggests that many 

healthcare professionals are reluctant to change their 
existing methods and systems that they’re accustomed to. 
Much like clinicians, doctors and nurses, patients have 
tended to be slow adopters of new healthcare services as 
well. In order for the medical community and their 
patients to use it, the technology needs to be user friendly 
and fit seamlessly into familiar workflows. 
 
4.4 HIGH PERFORMANCE AND HIGH QUALITY 

SOLUTIONS: 

Vinod Khosal, founder of Khosla Ventures, had 
share his view at conference in exponential medicine 
2016 that “Nowadays death cause due to fault in medical 
technologies is more than the road accident in USA”. So, 
Application performance and quality of service are 
essential for launching new solutions for the healthcare 
industry.�
 With the appropriate solutions to this challenges, 
we can make sure upcoming technologies in a more 
secure way, which will not improve the patient care but 
also make the healthcare delivery more feasible. 
 

5.CONCLUSION 

This paper has just touched up on some important 
new trends in healthcare technology which is showing 
exponential trends. Each of these new technologies is 
developed to bring more comfort to the patient and 
improve the efficiency and cost of diagnostics and 
treatment. Informatics has made a big impact on 
healthcare over the last decade and will continue to do so. 
Telemedicine, wearable-sensors and 3D Printing will 
shift the medical care to personalized care, while 
Artificial intelligence, Robotics and Diagnostic scanner 
development will offer better and faster diagnosis whilst 
lowering cost. Although, there are some challenges with 
these developments, the future will be bright as 
exponential technology is coming in sight. 
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I. INTRODUCTION 

During the past century, technologies have progressed 
rapidly and have had an impact on medicine to an extent 
unseen before. Talking about the evolution in imaging 
modalities, the first x-ray computed tomography (CT) 
scanner was introduced in the early 1970s, initially for 
brain imaging and then later for whole body. Following 
CT, clinical magnetic resonance (MR) was introduced, 
which is an important technique because it does not 
require the use of ionizing radiation. These two 
techniques, CT and MR, are being used for the imaging 
of human anatomy. However, in diagnosing and staging 
disease or monitoring response to therapy, anatomical 
imaging is not enough. Functional or metabolic changes 
can occur without any change in anatomy. Functional 
imaging techniques, by using radioactive tracers and 
gamma camera, was introduced in late 1940s. The first 
human tomographic images with positron-emitting 
isotopes were presented in 1972, followed by the single 

photon emission tomography (SPECT) a year or so later 
based on the work of the early 1960s. [1] 

With the development of imaging modalities and 
devices, number of image-guided minimal invasive 
procedures increased. In most of the cases, both 
anatomical as well as functional images are required to 
sufficiently diagnose the dieses and monitor the 
procedure. As single imaging modality can only give 
either anatomical or functional detail, need for using 
combination of two or more imaging modalities during 
intervention emerged. “The fusion of two or more 
imaging technologies into a single, new form of imaging 
is called ‘Hybrid Imaging’.” This new form of imaging is 
synergistic - more powerful than the sum of its parts. [2]   

Two principal approaches can be used for the image 
fusion: software and hardware. The software approach 
aligns two image sets after they had been acquired on 
different scanners at different times. Using software 
approach any two or more imaging modality data can be 
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Abstract 

In last decade, there has been steep increase in the number of procedures carried out using minimally invasive 

approaches, as devices and techniques developed. Precise and efficient navigation of medical devices is very 

important for minimally invasive procedures. Hybrid systems, which combine real-time acquisition with cross-

sectional and/or functional data, are the best suited for precise monitoring of interventional procedures and

several such systems are available in market. Hybrid imaging techniques combine anatomical [ultrasound,

computed tomography (CT), and/or magnetic resonance imaging (MRI)] and molecular [single photon 

emission CT(SPECT) and positron emission tomography(PET)] imaging modalities. Depending on the 

application, different combinations of these imaging modalities can be used for greater advantage. In this 

documentation, a review on Hybrid Imaging modalities, their advantages and limitations, and finally outlooks 

and recommendations are discussed. 
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fused. Software approach is difficult to apply of body 
parts accept brain because of complex alignment 
procedure. In contrast, hardware approach is a 
combination of 2 (or more) modalities within a single 
device that acquires the different images either 
simultaneously or sequentially without moving the patient 
from the bed. This approach eliminates differences in 
patient positioning and minimizes misalignment due to 
involuntary internal organ motion. The advantages of this 
hardware based hybrid imaging are diverse. First, a single 
examination would provide comprehensive information 
on the state of a disease. Here, functional information 
would be gathered and displayed in an anatomical 
context. Second, patients would be invited for only one, 
instead of two or multiple examinations. Third, costs for 
hybrid imaging devices may initially be high, but 
hospitals would benefit from purchasing a single device 
rather than two independent devices. Fourth, the 
combination of complementary imaging techniques can 
yield synergy effects for the acquisition and processing of 
image data. [3] 

Given the rapid evolution of hybrid technology over the 
past decade, it is worthwhile reviewing the role of these 
modalities in image guided procedures and evaluating 
prospects. In the next sessions of this article, software 
approach, hardware approach including various hybrid 
imaging modalities with their applications in Image 
guided procedures, their limitations and prospects are 
discussed.  

II. THE SOFTWARE APPROACH 

The main purpose of the paper is to review Hybrid 
imaging modalities. But it is useful to do brief review of 
the Software fusion, which has been proved highly 
successful in some applications. In software-fusion 
method, two image sets are fused either by identifying 

common landmarks or fiducials that can then be aligned 
or by optimizing a metric based on image intensity values. 
In either method, the complexity of the subsequent 
transformation is defined by the number of possible 
degrees of freedom between the two image volumes. [1] 

Any medical image fusion methods have two main 
stages: (a) Image registration & (b) fusion of relevant 
features from the registered images. Image registration 
requires a method to correct the spatial misalignment 
between the different image data sets that often involve 
compensation of variability resulting from scale changes, 
rotations, and translations. The registration becomes 
difficult in the presence of inter-image noise, missing 
features and outliers in the images. On the other hand, the 
fusion of the features involves the identification and 
selection of the features with a focus on relevance of the 
features for a given clinical assessment purpose. Medical 
image fusion methods include Morphological Methods, 
Knowledge based methods, Wavelet based methods, 
Neural Network based methods, Fuzzy Logic based 
methods, and some other methods. [4] The summary of the 
medical image fusion methods, the modalities that these 
methods are applied and the applications in medical 
imaging studies are presented in the Table 1 in [4]. Also, 

Figure 2 Examples of multi-modal medical image fusion. 
combination of modality 1 with modality 2 using specific image 
fusion techniques results in improved feature visibility as shown 

Figure 1 From invasive to non-invasive imaging. It took more 
than 500 years to establish non-invasive imaging from the pencil 
drawings of Da Vinci to routine tomographic imaging. Fifty years 
were needed to introduce hybrid imaging.  
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there are several navigation systems (EM tracking, optical 
tracking) which can be used during interventions based on 
software approach. [5]   

There are wide range of applications of software-based 
medical image fusion in image guided procedures. The 
image guided brain interventions based on image fusion 
are Image guided neuro-surgery, Verification of 
implanted catheter and Brain tumor biopsy. [4] MR and x-
ray are fused for these applications. [6] The image fusion 
applications targeted on prostate include localization of 
the prostate for 3D conformal radiation therapy, thermal 
ablation of the prostate cancer and prostate 
brachytherapy. MR and TRUS (trans-rectal ultrasound) 
can be fused for prostate biopsies. Liver is another vital 
organ which needs precise navigation while doing the 
laparoscopy on it. Fusion of CT images and Endoscopy 
images are done during laparoscopy. [4] Trans-catheter 
Structural Heart Interventions is also done using software 
based hybrid image-guidance. [7] Other applications of 
software based hybrid imaging are percutaneous 
nonvascular procedures, vascular procedures, and 
bronchoscopy. [5]  

Limitations of software approach are as follows. 
Alignment of images acquired by 2 separate modalities on 
2 different scanners is very complex procedure even if the 
temporal difference between scans is very small, 
especially when the regions of body outside the brain are 
involved. [3] The most difficult application of software 
approach is imaging of head and neck regions, where 
nonlinear mismatches can occur as the result of different 
positions of the arms or head.  The abdominal and thoracic 
regions are also difficult to image using software 
approach as there is constant respiratory and bowel 
movements. Also, patient movements can cause 
difficulties in imaging. Patient must undergo into two 
examination instead of one. [8] A detailed review of 
software fusion methods can be found in [4] and [8], in 
which specific aspects of medical image fusion are 
presented with several image fusion methods and their 
applications.  

III. HARDWARE APPROACH 

In this section, three hybrid imaging modalities with their 
history, development, challenges and applications are 
discussed.  

1. SPECT/CT 

History and Development  

In the late 1980s, researchers started developing 
method to combine functional and anatomical imaging in 
a single system. The first such system was proposed by 

Mirshanov [9]. In this system, separate scintillation and 
semiconductor detector were used to scan the patient 
simultaneously with radionuclide and x-ray imaging. The 
resulting emission and transmission data were then 
recorded with a common image buffer. This system was 
not translated into practice, though it was the first that 
proposed hybrid system with which an x-ray was 
integrated directly to produce the transmission data as a 
part of functional imaging study. [10]  

Another early design for hybrid imaging system was 
“Transmission/emission and registered imaging (TERI) 
computed tomography scanners” by Kaplan. [11] This 
work proposed simultaneous acquisition of CT 
transmission and SPECT emission data using imaging 
detectors to get maps of attenuation coefficient to 
compensate the SPECT data for attenuation and to 
maintain spatial resolution between two image data sets. 

[12]   

The development of experimental SPECT/CT systems 
was started by Hasegawa et al at the University of 
California, San Francisco (UCSF) in the late 1980s and 
early 1990s. This team developed a radionuclide imaging 
system that incorporated a low-power x-ray generator. 
They used a collimated array of high-purity germanium 
(HPGe) detectors to record photons from both external x-
ray source and the internal radionuclide distribution. The 
recorded photons were then processed with photon-
counting electronics to differentiate the x-ray data and 
radionuclide data. This system proved the technical 
feasibility of simultaneously acquiring the x-ray and 
radionuclide image data using an HPGe detector array 
with high performance photon-counting electronics. [12] 

In the mid-1990s, Hasegawa et al also developed the 
“modern” SPECT/CT system at USCF. In this system, the 
SPECT and CT sub-systems can be placed in-line for 
imaging and integrated with a common patient table and 
computer system. This group integrated a GE XR/T 
SPECT and GE 9800 Quick CT systems with an extended 
table that could be positioned for either CT or SPECT 
imaging without removing the patient from the system. 
The system design allowed the CT and SPECT data to be 
acquired sequentially with the CT data reconstructed in 
the CT scanner with a conventional filtered back-
projection algorithm, then transferred to an external host 
computer via magnetic tape. The resultant data from 
reconstruction and post-processing were used to create 
three different image sets: the x-ray CT data; the 
radionuclide emission data; and a fused image with 
colored radionuclide data displayed over a co-registered 
grayscale CT image. [12,13] 
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In 1996, a combined SPECT/CT design was presented 
by Blankespoor and co-workers including a clinical 
SPECT gamma camera in tandem with clinical single-
slice CT. The images were co-registered by considering 
the axial displacement between the SPECT and CT 
imaging fields. First, the patient was imagined with CT 
after injection of the dye and an uptake period, and then 
with SPECT. The SPECT attenuation correlation factors 
ware generated using CT data. This device was used to 
perform small number of clinical studies. Since then, 
SPECT/CT has advanced rapidly and many commercial 
designs are available today. The Infinia Hawkeye series 
(GE healthcare) offers SPECT imaging fused with low 
resolution anatomy. The latest design, Infinia Hawkeye 4 
system has ability to perform cardiac and bone SPECT 
scans at half dose. Also, it has ability to acquire whole-
body bone scans at half time and half dose. [12,13] 

In 2004 the Symbia T2 (Siemens Medical Solutions), 
the first combined clinical SPECT/CT was launched 
including a dual-slice CT and a dual-head Symbia 
scintillation camera. This is the first fully-clinical 
commercial CT system. This design is also available with 
6-slice and 16-slice CT system. Philips BrightView XCT 
SPECT/CT system has flat panel based volume CT 
technology. The maximum rotation speed of this system 
for 360° is 12 sec. GE healthcare NM/CT 670 pro 
SPECT/CT system is available with a 16-slice CT which 
has a maximum rotation time of 0.5s i.e. Single breath-
hold scans with high image quality. [12,13] 

Challenges  

The main challenge in implementing SPECT/CT 
system is higher equipment cost, especially if system has 
16- or 64-detector row CT unit.  Some other challenges in 
implementing SPECT/CT are room renovation; increased 
power, cooling and space requirements; lead shielding; 

and high SPECT/CT camera weight. The non-
multidetector system can minimize some of these issues.  

Another challenge with SPECT/CT is artefacts. During 
acquisition of CT and SPECT images, patient movements 
will lead to mis-registration, which not only affects 
anatomic localization but also generates an incorrect 
attenuation map, which leads to defects on the attenuation 
corrected images. To overcome this problem, in addition 
to routine quality control for both SPECT and CT, a co-
registration program and associated quality control 
phantom must be used in SPECT/CT on a regular basis to 
ensure correct alignment between the SPECT and CT 
scanners. Training of Nuclear medicine technologists and 
physicians involved with both SPECT and CT is also a 
problem. CT physicians who regularly interpret results of 
CT studies may require additional training in evaluating 
the SPECT component of the study and vice versa. [14] 

Applications 

There are many applications of hybrid SPECT/CT, 
especially in oncology and cardiology. SPECT/CT is 
being used mainly for diagnosis purpose. In cardiology, 
myocardial perfusion imaging is main application of 
SPECT/CT. Also, SPECT/CT can potentially improve the 
current practice of evaluation of coronary artery 
calcification and coronary angiography. [14] SPECT/CT is 
also useful in bypass grant definition and localization in 
Coronary bypass graft. In oncology, SPECT/CT has 
applications in brain cancer, breast cancer, colorectal 
cancer, thyroid cancer, esophageal cancer, lung cancer, 
neuroendocrine tumor, prostate cancer, sympathetic 
nervous system tumors. Most of these applications are 
diagnostic and anatomical localization. [11] Radionuclide 
sentinel lymph node imaging using SPECT/CT has an 
important role in both surgical and radiation interventions 
of prostate cancer. [15,16] Monitoring brachytherapy is also 
one of the important application of SPECT/CT in prostate 
cancer. There are many other applications of SPECT/CT 
such as planar bone scintigraphy, localization of 
infections, evaluation of therapeutic efficacy for 
pancreatic chemotherapy. [10]  

 

2. PET/CT 

History and Development 

In 1990s, Townsend and co-workers proposed the 
combined PET-CT system. Along with the image 
alignment the expected benefit of a hybrid PET/CT 
hardware was to derive the PET attenuation correction 
factors from the CT images. The first PET/CT prototype 
became functional in 1998, which was designed and 
developed by CTI PET systems in Knoxville, Tenn., USA 
(now Siemens Healthcare) and was clinically evaluated at 

Figure 3 state-of-the-art SPECT/CT systems with some of their 
parameters  
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University of Pittsburgh. The design incorporated a 
rotating ECAT ART PET system (CTI PET Systems, 
Knoxville, Tennessee) and a single-slice spiral CT 
(Somatom AR. SP; Siemens Medical Solutions, 
Germany). It took 1h or more for this prototype to take 
image of the Torso. Instead of a lengthy conventional PET 
transmission acquisition, use of quickly acquired low-
noise CT data reduced the total duration of the 
examination. [17] 

The first commercial PET/CT appeared in market was 
the Discovery LS (GE healthcare) in 2001. After a few 
months, this was followed by the Biograph (Siemens 
medical solutions), and then later by the Gemini (Philips 
medical systems). Over the years, with the advances with 
PET and CT instrumentation the PET/CT designs have 
also evolved. Today, over 20 different PET/CT designs 
are available from six vendors worldwide. All PET/CT 
systems allows whole-body, multi-bed imaging within 
single examination, using the CT for attenuation and 
scatter correction of PET data. [18] In some PET/CT 
designs, to facilitate the use of the scanner for radiation 
therapy planning and to accommodate the large size of 
patients, the patient port is kept 70 cm in diameter. [17] 

Challenges 

The main challenge is artefacts which are of two types. 
(i) mis-registration which is caused by respiration, cardiac 
motion, patient motion, bowel movements, and bladder 
distention. (ii) Attenuation-correction artefact which is 
caused by metallic objects (e.g. dental implants, 
orthopedic prosthesis) and contrast media. The limited 
availability of new tracers is the major challenge 
especially in oncological imaging with PET/CT. Also, 
role of PET/CT for cardiac applications is yet to be 
determined. [18,19] 

Applications  

The clinical applications of PET/CT are mostly 
oncology. The accuracy of staging and restaging with 
PET/CT is better than CT or PET separately. [18] PET/CT 
guided biopsy can facilitate early diagnosis and staging of 
tumors. [19] PET/CT is accurate in initial diagnosis, 
staging and restaging in lung cancer, thyroid carcinoma, 
tumors in head and neck, esophageal cancer, breast 
cancer, colorectal cancer, lymphoma, and melanoma. [17] 
Juliano J. Cerci and co-workers performed PET/CT 
guided biopsy of liver lesions on a group of patients and 
based on that they concluded that PET/CT-guided biopsy 
is feasible. [21] Based on the PET/CT guided percutaneous 
fine needle aspiration cytology/biopsy, performed by MJ 
Govindarajan and co-workers, it was concluded that 
PET/CT guided biopsies may help in difficult situations, 
particularly in the cases where it is important to know 
which part of the tumor is active or which lesion is active 
with patient with widespread lesions. [22] Radiation 
therapy planning is also an important application of 
PET/CT. Because of misalignment issues due to cardiac 
and respiratory motion, cardiac PET/CT has not many 
applications yet. But, if strong clinical demand exists it 

Table 1 [20] 

CT and PET Parameters in Current PET/CT Designs 

Figure 4 (a) Selected PET/CT designs offered by GE Healthcare, 
Philips Healthcare Systems, Siemens Healthcare Solutions, 
Toshiba, Hitachi and Mediso. (b) Selected system design 
parameters for the PET/CT systems in (a) 

	
�



 

can be expected that the issues like misalignment will be 
resolved. [18]   

3. CT/ANGIOGRAPHY 

History and Development  

The first hybrid CT/angiography was developed by 
Professor Y. Arai (Director of the National Cancer 
Center, Tokyo, Japan) in 1992. In this system, a CT 
scanner and an angiography unit were arranged in line 
using a common patient table. This allows CT, 
angiography, and conventional fluoroscopy to be 
performed on the same table without moving the patient, 
thus omitting the risk of catheter and needle dislocation 
or compromising sterile conditions. [23] There are many 
CT/angiography designs are available today from several 
vendors including MIYABI Angio-CT from Siemens 
healthcare and Angio-CT from Toshiba Medical.      

There are some advantages of Hybrid CT/angiography 
system over C-arm cone beam CT. First, it has high-
contrast resolution. Whereas, low-contrast resolution is 
critical problem for cone beam C-arm CT. Second, it has 
Large field of view compared to C-arm CT. The field of 
view of cone beam C-arm CT is limited to 20-25cm, 
thereby in patients with a large body size or multiple 
tumors, the whole liver cannot be scanned. While, 
CT/angiography system has maximum field of view of 
50cm. Third, hybrid CT/angiography has minimal 
artefacts in contrast with c-arm cone beam CT (motion 
artefacts, metal artefact). Forth, and the important 
advantage of a CT/angiography system is that under the 

real-time CT-fluoroscopy guidance, the needle puncture 
can be conducted. By contrast, the needle is inserted using 
conventional fluoroscopy guidance while using C-arm 
cone beam CT. [23] 

There are also some disadvantages of hybrid 
CT/angiography. First, the radiation doses of patients are 
1.2-1.7 times higher in hybrid CT/angiography compared 
to C-arm cone beam CT. Second, it has narrow workspace 
in gantry, which makes it impossible to perform a needle 
puncture. Also, the cost of hybrid CT/angiography is 
higher than c-arm cone beam CT. [23] 

Applications  

Hybrid CT/angiography system has various 
applications as follows. CT/angiography is beneficial for 
liver-tumor diagnosis. CT/angiography system can 
conduct CT hepatic arteriography (CTHA) and CT 
arterio-portography (CTAP). The combination of CTHA 
and CTAP is most sensitive modality for detection of 
hepatocellular carcinoma (HCC). An interventional 
CT/angiography system is helpful for Intra-arterial tumor 
therapy, such as trans-arterial chemoembolization for 
hepatocellular carcinoma, and trans-arterial 
chemoembolization for various malignant tumors. Other 
important applications of CT/angiography are tumor 
ablation, and percutaneous drainage. [23] 

IV. OUTLOOK 

SPECT/CT 

SPECT and SPECT/CT is continuously evolving with the 
advances in the detector technology. Recent 
developments in detector technology, which includes 
silicon photodiode or solid-state materials, has the 

Figure 5 PET/CT guided needle intervention into highly 
metabolic area inside the lesion 

Figure 6 MIYABI Angio-CT from Siemens healthcare State-of-
the-art image guidance for a broad spectrum of minimally-invasive 
interventions 
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potential of improvement in spatial resolution and energy 
resolution, with compact size and higher stability, 
compared to conventional photomultiplier tube 
technology. These solid-state and semiconductor 
detectors have wide scope in imaging of heart, breast, and 
other small organs. Recently, dedicated nuclear 
cardiology cameras have been developed by Spectrum 
Dynamics, Ltd. (Caesarea, Israel) and by Cardiarc, Inc. 
(Canton, MI). These cameras are 5 times faster than 
conventional system in acquiring cardiac image. GE 
healthcare has also developed the SPECT camera with 
similar performance. These new instruments can 
significantly decrease the total scan time of SPECT 
component of SPECT/CT. [10]  

PET/CT  

With introduction of LSO (lutetium oxyorthosilicate) and 
GSO (gadolinium silicate) detectors in PET/CT, 
coincidence time windows became shorter and lower-
energy thresholds became higher compared with BGO 
(Bismuth germanium oxide) -based PET/CT. The 
sensitivity of PET/CT can be improved by the addition of 
more detectors in system. Also, by making crystal 
detector smaller, spatial resolution can be improved 
which can increase the lesion detectability of the system. 
[10] Recent developments in electro-magnetic needle 
tracking and navigation system can be used to perform 
real-time PET/CT guided biopsy procedures. The 
preoperative CT images can be registered with PET/CT 
images to enable real time PET/CT guidance. This 
technique has ability to perform procedures which are not 
feasible with standard single-modality image guidance. 
[19]  

PET/MRI 

The hybrid PET/MRI system was under the preclinical 
development since long time. Recently it became 
available for clinical use. PET/MRI offers various 

features of MRI including fMRI, dynamic contrast-
enhanced imaging, excellent soft-tissue contrast, and 
diffusion-weighted imaging with PET data. The data 
acquired by PET/MRI was compared with software-fused 
MRI and PET to evaluate clinical performance of 
PET/MRI. The first clinical hybrid PET/MRI system, 
Brain PET (by Siemens), was developed for brain 
imaging in which 3 T MRI was integrated with PET. 
Recently, the 3 main imaging system vendors (GE, 
Siemens, and Philips) have introduced different 
approaches for PET/MRI. GE and Philips Healthcare 
implemented the sequential approach in their PET/MRI. 
The GE approach uses two separate systems in two 
separate but adjacent rooms that can be used either 
separately for PET or MRI examinations or be used to 
travel a common mobile patient-bed from one scanner 
room to other scanner room. In this approach, patient 
motion artefact between two scan can be a problem. 
PET/CT can be used instead of PET, this is called as tri-
modality approach. The Philips approach is also similar 
which uses the Ingenuity time-of-flight PET scanner and 
a 3 T MRI located next to each other with a patient bed 
that can be rotated 180° to transfer patient from one 
scanner to another. This system uses a MR-based 
attenuation correction approach. This system also has 
some technical issues like patient motion artefacts and 
limitation in acquiring data parallelly. Siemens uses 
simultaneous acquisition approach which has integrated 
single gantry system with the 3 T MRI within which PET 
detector ring is placed. This approach has some technical 
challenges including design and implementation of MRI-
compatible PET photodetectors and techniques for 
maintaining magnetic field inhomogeneity and MR-based 
attenuation correction of PET data. [24]  

There are many challenges in PET/MRI which are yet to 
be overcome. Some of these challenges are identification 
of clinical applications, clinic workflow, artefact 

Figure 7: Schematic cross-sectional views of potential designs for combined PET/MR imaging systems: (a) tandem design with two imagers 
mounted back-to-back to allow sequential rather than simultaneous acquisition, (b) insert design with PET imager (P) inserted between 
radiofrequency coil (R) and gradient set (G) of MR imager, and (c) fully integrated design with two imagers in same gantry. Radiofrequency 
coil, gradient set, PET imager, and patient bed (B) are shown for all configurations 
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handling, regulatory requirements, risks and safety 
considerations, training and credentialing needs for image 
interpretation, comparative effectiveness, and cost-utility. 
[24] 

US/MRI 

Hybrid US/MRI system, which allows ultrasound (US) 
image and magnetic resonance (MR) data to be acquired 
simultaneously, has been developed recently. In this 
system, B-mode and Doppler US are performed, using a 
clinical 1-4MHz US transducer with 8-meter cable, inside 
the bore of clinical 1.5T MRI scanner. Due to US imaging 
susceptibility artefacts and RF noise are generated into 
MR images. RF noise can be minimized by using 
transducer shielded by aluminum foil. MR-safe US 
imaging transducer can be mounted at least 4cm from the 
target region of interest to overcome the susceptibility 
artefacts. This system was tested on cryo-gel phantoms 
and its use has been demonstrated in rats in vivo. Based 
on the experiments performed by Victoria Sherwood and 
co-workers in [25], it is concluded that further work is 
required to make tissues visible on MR-US images 
before, during, and after HIFU (High intensity focused 
ultrasound) and such system shows potential as a useful 
tool for clinical HIFU guidance and monitoring by 
combining soft tissue contrast by MRI with the real-time 
visualization of cavitation bubbles and blood flow using 
B-mode and Doppler ultrasound. [25]      

V. CONCLUSION 

Since last 2 decades, there has been constant advancement 
in field of imaging and interventional radiology. Hybrid 
systems evolved a lot since they introduced. Software 
based hybrid imaging is being used in various image 
guided procedures since long time. Hardware based 
hybrid imaging has wide range of applications in 
diagnostic radiology. It also has potential applications in 
image guided procedures. The role of hybrid imaging in 
image guided procedures are yet to be defined. With the 
development of individual systems, hybrid systems also 
evolve. Combination of functional and anatomical data 
can be very helpful during interventions. Depending on 
the application, different combination of imaging 
modalities can be used. To make hybrid system feasible 
in image guided procedures, some challenges should be 
overcome. In a nutshell, this technology enhances the 
quality of diagnostic as well as interventional imaging, 
which ultimately improves quality of treatment.   
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The MS can be inserted through a
single incision site, either at the time of
surgery or under ultrasound guidance
in a separate procedure.

•

•

•

•

Fig2- A single insertion 4 lumen balloon
brachytherapy applicator [2]

Fig1- The device is placed inside the breast surgical cavity and inflated [1]

A balloon tipped catheter is inserted
into the resection cavity and inflated
to a diameter of 4 to 5 cm.

The inflated balloon shapes and
compresses the tissue adjacent to the
cavity into a nearly spherical shell
surrounding the balloon.

Dose to overlying skin is the main
dose-limiting factor for MammoSite
treatment.

[1] http://www.eyephysics.com/palmos/MammoSite
[2] http://www.hologic.com/products/intervention-and-treatment/breast-brachytherapy/mammosite-targeted-radiation-therapy-system
[3]
[4] Tedgren, Åsa Carlsson, Mathieu Plamondon, and Luc Beaulieu. "The collapsed cone algorithm for 192Ir dosimetry using phantom-size adaptive multiple-scatter point kernels." Physics in medicine and biology 60.13 (2015): 5313.
[5]
[6] Excellent Long-term Breast Preservation Rate after Accelerated Partial Breast Irradiation Using a Balloon Device, Mann et al, 2016, doi: 10.1016/j.clbc.2016.02.010

Advantages:
•Spares healthy tissue and organs from the effects of radiation
•Allows treatment to be completed in just 5 days instead of 5-7 weeks
•Better quality of life outcomes were reported for patients prescribed with
Mammosite when compared to women treated with WBRT
•Feasible and dosimetrically advantageous as compared to an electron
boost.

Improvements to Mammosite device should be fulfilled foreseeing the simplicity of insertion and treatment delivery associated with Mammosite. And advance
approximating the dose distributions, providing increased dosimetric control, the ability to maximize target coverage, reduce dose to skin and rib and reduce the need for
dosimetric compromise.

Disadvantages:
•Poor cavity conformance
•Inadequate skin distance limits the use of this approach
•Possible treatment-related toxicities included: Breast seromas, Seroma
formation, use of hormonal therapy, breast infection, and A/B cup size
were associated with fat necrosis

Removal reasons:
•Inadequate skin distance
•poor cavity conformance
•positive margins
•microinvasion on final
pathology
•physician decision
•poor cavity conformance
•positive node.

Dose distributions for a MammoSite 192 Ir HDR
implant [4]

Local recurrence:
Using the MammoSite balloon in a carefully selected group of
patients has demonstrated 5-year local recurrence results
comparable to results achieved with conventional WBRT.
The suggested risk factors related to local recurrence are: age 40
years or younger, symptomatic detection, cribiform or
solid/comedo architecture, nonspecified or close/involved
margins, local excision without radiotherapy, high nuclear grade
and presence of necrosis.

Dosimetry: A typical clinical protocol for the MammoSite prescribes a dose of 340 cGy b.i.d.
at a distance of 1 cm from the surface of the balloon.

Outcome:
The applicator performed well clinically in almost all
the reviewed articles.
Several studies evaluated the value of Mammosite,
and now follow-up data of up to 7 years are already
available. These reports suggest that Mammosite is
comparable to whole-breast irradiation in terms of
safety and efficacy. [6]



Review of balloon radiation in breast cancer treatment:

Advantages, disadvantages and future outlook

Maryam Sadeghi, Department of Electrical Engineering, Otto von Guericke University

Abstract
Background: For properly selected patients with early stage breast cancer, accelerated partial breast

irradiation (APBI) is an alternative treatment method to the conventional whole breast irradiation. The

MammoSite radiotherapy system is an option to overcome the longer schedules associated with external

beam radiation therapy. The device is placed inside the breast surgical cavity and inflated with a

combination of saline and radiographic contrast to completely fill the cavity. The treatment schedule for

the MammoSite is 34 Gy delivered in 10 fractions at 1.0 cm from the balloon surface with a minimum of

6 hours between fractions on the same day.

Material and methods: This review article presents the advantages, disadvantages, uncertainties and

clinical outcomes associated with the MammoSite brachytherapy.

Results: Potential advantages of Mammosite are: high localized dose, minimum delay between surgery

and RT, catheter moves with breast, improved local control, no exposure to staff, likely side-effects

reduction and potential cost/time saving. The optimal cosmetic results depend on the balloon-to skin

distance. Good-to-excellent cosmetic results are achieved for patients with balloon-skin spacing of 7 mm.

The available data on the local control achieved with the Mammosite were comparable with other

accelerated partial breast irradiation techniques. The contrast medium inside the balloon causes dose

reduction at the prescription point.

Conclusion: Initial clinical results have shown that the MammoSite device could be used as a sole

radiation treatment for selected patients with early stage breast cancer providing minimal recurrence rates,

minimal complication rates and excellent cosmesis. The future aspects of the device is also discussed in

the study.

Key Words: Mammosite, Accelerated partial breast irradiation, brachytherapy, Balloon radiation

Introduction:

Breast conservation therapy is an alternative

to mastectomy for patients with Stage I and

II breast cancer. The current standard of care

for breast conservation therapy includes a

post-lumpectomy course of whole-breast

external beam radiotherapy, which typically

requires 5–7 weeks to complete. The

purpose of radiotherapy is to prevent

recurrence by eliminating residual foci of

cancer that remains in the surrounding breast

tissue. (1) The treatment trend is shifting

away from whole breast radiation towards

partial breast radiation for women with early

breast cancer. (2, 3) to overcome the

presented by a 5-7 week treatment course

required for external beam radiation. Partial

breast irradiation (PBI) is used by

several institutions to treat patients with

early breast cancers. (3. 4)

The MammoSite (MS) brachytherapy

catheter is the first balloon-based

brachytherapy device developed for PBI in

the USA and is commercially available,

since 2002. It is a dual lumen catheter with a

spherical inflatable silicone balloon, which

is placed in the lumpectomy cavity. The

central lumen has a port, which is connected

to a loaded high-dose-rate (HDR) Iridium-

192 source in the center (Fig. 1, 2). (4, 5, 6)
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The balloon is inflated with 30–70 mL of

sterile saline or a mixture of saline and

radiographic contrast agent until it fills the

lumpectomy cavity. The catheter is removed

on the fifth day at the end of the

MammoSite treatment. (1, 7)

This technique has been rapidly adopted in

both academic centers and in the

community, due to its simpler and more

accessible technique with more than 20,000

patients treated using this device. (4, 5)

Fig. 1. MammoSite balloon applicator with two

connectors. One port is for the injection and the other

is for passage of the Ir-192 source.

Fig.2.

Mammosite structue

Dosage:

A typical clinical protocol for the

MammoSite includes a dose of 340 cGy

b.i.d. at a distance of 1 cm from the surface

of the balloon, with a minimum of 6 hours

between fractions over 5-7 days. (1, 4, 6, 7,

8, 9, 10, 11, 12, 13, 14, 15, 16, 17, 18)

Treatment with Mammosite applicator

provides dosimetrically acceptable plans

when used appropriately, but during the

radiation organs including the skin and ribs

adjacent to the lumpectomy cavity, the lungs

and the heart receive more radiation. (1, 4, 6,

8, 9) Therefore radiation dose to these

structures should be monitored and reduced

if possible.

Dickler et al found that the mean maximal

skin dose per fraction in the excellent

cosmetic outcome group was 354.8 cGy and

the mean maximal skin dose per fraction in

the good cosmetic outcome group was 422.3

cGy. Therefore skin distance can be

considered a surrogate for skin dose. (4)

According to Astrahan et al, a constraint of

340 cGy/fraction to the skin was found to be

acceptable but it may be feasible to push the

skin dose limit up to about 450 cGy/fraction

if a more accurate determination of the point

on the skin closest to the balloon can be

ensured. (1)

Valakh et al, demonstrated that the mean

cardiac dose in balloon-based HDR

brachytherapy patients is, on average, less

than 3.3 Gy. However, these low doses may

result in clinically relevant late cardiac

toxicity. (9)

Dose homogeneity has been reported

somewhat better for MSB than conventional

radiography based IB. (6)

Strohmaier et al, studied the 60Co instead of

192Ir sources despite their identical shape

and dimensions have different physical

characteristics, they show identical dose

distributions, as demonstrated in various

studies. The results of their work showed no

advantages or disadvantages exist for 60Co

sources compared to 192Ir sources with

regard to clinical aspects. (19)

The use of contrast material inside the

MammoSite balloon decreases the dose rate

in the PTV region. This filtering effect,

which hardens the beam, is more

pronounced for Yb-169, which has a lower

photon energy spectrum when compared to

Ir-192. The Yb-169 HDR sources can be a
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viable replacement for Ir-192 HDR sources

in breast brachytherapy treatment using the

MammoSite device as cited by Cazeca et al.

(7)

It is recommend that, the received dose for

other organs be routinely examined and

reported so that its correlation with toxicity

data can be available in the future.

Implantation:

The MS can be inserted through a single

incision site, either at the time of surgery or

under ultrasound guidance in a separate

procedure. Initial reports used radiation

plans with a simplified single dwell position,

single prescription point technique, which

works well for busy centers or centers with

limited physics support. (4)

In study of Benitez et al, an 85% rate of

implant to treatment was achieved. They

also suggested that it may be possible to

increase the implant-to-treatment ratio

further if catheters are placed

postlumpectomy. Postlumpectomy

placement is an additional procedure for the

patient but can be accomplished in the office

or procedure suite with ultrasound guidance

with relative ease. In the experience of

Zannis et al, an implant-to-treatment ratio of

91% was achieved with postlumpectomy

placement. It is anticipated that with

increasing experience a higher implant-to-

treatment ratio will be accomplished. (20)

Poor cavity conformance and inadequate

skin distance were the main factors limiting

use of the MammoSite device in Benitez et

al, study. (5)

Removal reasons, explantation:

The MammoSite balloon catheter was

removed in several articles for different

reasons.

Inadequate skin distance, poor cavity

conformance, positive margins,

microinvasion on final pathology, physician

decision, poor cavity conformance, positive

node, and age less than 45 years are the

reasons cited for catheter explantation. (5,

20) The major reasons for explanation were

inadequate skin distance and poor cavity

conformance, accounting for 71% of the

catheters removed.In the American Society

of Breast Surgeons (ASBS) registry data,

20% of balloons that were removed were a

result of inadequate margins and final

pathology. (1)

Outcome:

The publications concerning the use of

MammoSite device have shown a positive

safety profile and good to excellent cosmesis

outcome and association with low rates of

local recurrence in patients. Since FDA

approval of this device in May 2002,

Mammosite use has rapidly expanded. More

than 1000 procedures were performed in the

first 8 months after FDA approval for

clinical use. (1, 4, 5, 20, 21, 22) The

applicator performed well clinically in

almost all the reviewed articles.

Several studies evaluated the value of

Mammosite, and now follow-up data of up

to 7 years are already available. These

reports suggest that Mammosite is

comparable to whole-breast irradiation in

terms of safety and efficacy. (5, 6, 13) Better

quality of life outcomes were reported for

patients prescribed with Mammosite

(specifically, women treated with multi-

lumen catheter-based) when compared to

women treated with WBRT. (23, 24)

In a study by Benitez et al, patients were

queried if they would use the MammoSite

brachytherapy treatment again, or if they

would recommend MammoSite balloon

brachytherapy to a friend or family member,

100% responded affirmatively. (5)
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Albuquerque et al, compared the effect of

adjuvant whole breast radiation therapy

(WBRT) versus partial breast radiation

therapy (PBRT) on fatigue, perceived stress,

quality of life and natural killer cell activity.

They concluded that PBRT resulted in lower

radiation and therefore to less fatigue and

higher quality of life after radiation therapy

compared to WBRT. (25)

The Mammosite device has the largest

number of patients treated for any existing

partial breast irradiation modality (2) and

according to various studies reviewed,

Mammosite is a safe, feasible, well tolerated

and efficacious alternative to WBRT.

Recurrence:

In the structure of MammoSite placed in the

lumpectomy cavity, no tissue is present in

the near field of a source. This space is

instead occupied by the fluid or contrast that

inflates the balloon. The maximum dose to

surrounding tissues occurs in the tissue

compressed against the balloon surface. This

is precisely the tissue apparently at greatest

risk of recurrence. (1)

Nevertheless, radiation using the

MammoSite balloon in a carefully selected

group of patients has demonstrated 5-year

local recurrence results comparable to

results achieved with conventional WBRT.

No local recurrences (either at the tumor bed

or elsewhere in the breast) or regional

recurrences have occurred in 5years of

follow up. (5)

The suggested risk factors related to local

recurrence are: age 40 years or younger,

symptomatic detection, cribiform or

solid/comedo architecture, nonspecified or

close/involved margins, local excision

without radiotherapy, high nuclear grade and

presence of necrosis. (20)

Advantages:

The characteristics listed below are the main

reasons for acceptance of the Mammosite

device by the medical community as an

effective means of delivering partial breast

irradiation:

• Shortened treatment period

compared to WBRT (less than 1

week vs. 6–7 weeks) (6, 26)

• The reduced irradiated breast tissue,

which may translate into less toxicity

to the surrounding tissue and organs.

(5, 6)

• Only one applicator is implanted and

the treatment planning is relatively

simple. (6, 21)

• Feasible and dosimetrically

advantageous as compared to an

electron boost. (12)

• High localized dose

• Minimum delay between surgery and

RT

• Catheter movement with breast

• No exposure to staff

• Likely side-effects reduction

• Potential cost saving (e.g. for

country patients). (27)

Limitation and disadvantages:

The main factors limiting use of the

MammoSite device are:

• Poor cavity conformance

• inadequate skin distance (5)

Toxicity and side effects:

Toxicity is a result of skin dose, radiation

hot spots, and balloon size. Reports studying

Mammosite overall suggest minimal

treatment-related toxicities similar to other

forms of APBI.

Minor side effects are reported in the

reviewed studies. Benitez et al reported an

infection rate of 9.3%. Seroma formation

occurred in 32.6% of patients, of which 12%

were symptomatic requiring aspiration. The

only serious adverse events were 2

infections: mastitis and abscess. Retraction

of the breast and/or nipple was reported in

20.9%. (5)
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Patients experienced only mild-to-moderate

side effects in a study by Keisch et al,

including skin erythema (57%), dry

desquamation (13%), and moist

desquamation (5%). Their trial detected no

severe device-related adverse events. The

only four potentially device-related events

reported, including an abscess and 3

seromas, were all self-limiting and resolved.

(21)

Treatment-related toxicities included: Breast

seromas, Seroma formation, use of

hormonal therapy, breast infection, and A/B

cup size were associated with fat necrosis in

a study by Khan et al. (17)

A cancer induction model was simulated in

MATLAB by Santos et al, to estimate the

LAR (lifetime attributed risk) of SPC

(second primary cancers) formation after

exposure to ionizing radiation. The lungs,

liver and contralateral breast showed high

LAR estimates. Overall, results show that

the APBI technique leads to the lowest risk

estimate for SPC formation. (28)

Despite of all these reports toxicity can be

lowered with newer multicatheter

applicators, appropriate patient selection,

and closed (ultrasound-guided) catheter

insertion techniques. (10) Skin spacing and

the small high-dose volumes were suggested

to strongly correlate with cosmetic outcome;

the greater the skin spacing, the better the

cosmetic outcome. (5, 16)

Shah et al, expressed the only method for

lowering skin toxicity as maintenance of as

large a distance as possible between the

device and the skin. (15)

Improvements and future:

As in every procedure, there is always room

for improvements for Mammosite. As

discussed above cosmetic outcomes can be

improved, with increased skin spacing

having statistical significance at skin

spacing 7 mm.

Multi- lumen and multi catheter

Mammosites were developed to improve the

limitations of the single-lumen MammoSite

system's fixed geometry and inflexibility to

sculpt dose. (16) In MammoSite technique,

verification of balloon symmetry, balloon/

cavity conformance and overlying skin

thickness is essential to assure target

coverage and toxicity avoidance. (26) The

results show that the MultiCatheter method

is associated with significantly lower skin

and chest wall dose than is the MammoSite.

The Multi- Catheter technique is more

flexible and can be applied to any size of

breast or lumpectomy cavity. By introducing

multiple lumen, these applicators have a

greater capability to shape the dose

distribution through optimization of sourced

well positions and dwell times. (1, 11) These

catheters may also offer women better breast

cosmesis and decreased toxicity with

increased time following their treatment.

(24)

The ClearPath (CP) multicatheter hybrid

device was developed in an effort to

improve the technique of partial breast

irradiation to offer the advantages of both

intracavitary and interstitial brachytherapy.

The hybrid CP catheter reduced the skin

dose significantly. The use of this device has

the potential to increase the applicability of

APBI in patients with a surgical cavity close

to skin compared with balloon

brachytherapy. (14)

To correct the shortcomings of the single

point method, Dickler et al, developed the

six prescription point, multiple dwell

position technique (RUSH Technique). In

this technique, six optimization points are

placed 1 cm from the balloon surface. Four

points are placed in a plane transverse to the

balloon axis perpendicular to the axis of the

catheter and two points are also placed along

the axis of the catheter. The six point

method was found to improve dose coverage

compared with the single point technique.
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Dickler et al, feel that RUSH Technique

offers the best compromise between a

method that accounts for source anisotropy,

partially accounts for the 3-D shape of the

inflated balloon, and a method that is not

technically difficult to utilize. (29)

Astrahan et al, showed that by varying the

number and arrangement of dwell positions,

the shape of the isodose lines could be

modified. (29)

Ouyang et al, results indicate that CONPs

(cerium oxide nanoparticles) can be

employed for radioprotection during APBI.

The presence of CONPs in normal breast

tissue has the potential to reduce radiation

side effects by eliminating reactive oxygen

species without causing additional damage.

Using 2 nm sized NPs, with an initial

concentration of 1 mg. , we found that

2–10 days of diffusion is required to obtain

desired concentrations of CONPs in regions

1–2 cm away from the lumpectomy wall.

(30)

Strohmaier et al, suggest that no advantages

or disadvantages exist for 60Co sources

compared to 192Ir sources with regard to

clinical aspects. Despite the fact that 60Co

and 192Ir sources of identical shape and

dimensions have different physical

characteristics, they show identical dose

distributions. Nevertheless, there are

potential logistical advantages of 60Co

sources due to its longer half-life (5.3 years

vs. 74 days), makes it an interesting

alternative especially in developing

countries. (19)

Improvements to Mammosite device should

be fulfilled foreseeing the simplicity of

insertion and treatment delivery associated

with Mammosite. And advance

approximating the dose distributions,

providing increased dosimetric control, the

ability to maximize target coverage, reduce

dose to skin and rib and reduce the need for

dosimetric compromise. A desirable time-

saving feature designed for MammoSite

dosimetry would be the ability to

automatically find the closest point on the

surface of a region of interest, such as skin

or lung, to the balloon surface. Regarding

toxicity, optimization techniques that exploit

catheter axis orientation, source anisotropy,

dwell position, dwell weighting, and balloon

diameter may be used to constrain the dose

to the overlying skin while preserving the

prescribed dose to as much of the region as

possible. To customize Mammosite based on

location and shape of the cavity and thus

having potential to offer APBI to a larger

subset of patients is practicable. The use of

contrast material inside the MammoSite

balloon decreases the dose rate at the

prescription point. (7) Usage of different

fluids as contrast might decrease the

toxicity. Change of the shape and symmetry

of the balloon may also result in better

outcome.
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Introduction

Diagnostic and Therapy Tools

Unsolved problems and needed tools

Conclusion and Future Outlook

A lot of diagnostic tools for detection of Atherosclerosis were developed in the last years and also many new high promising technologies are in the developing state (see 

Fig. 2 - Fig. 7). 

Despite the fact that a lot of tools are available, there are still needed tools for unsolved problems like Restenosis or late stent Thrombosis after PCI (Fig.10). A Lithoplasty 

balloon catheter (Fig. 11) could reduce thrombus, perforations or distal embolization events. Recent improvements of atherectomy devices which are rotating in a shape 

of an elliptical orbit are reducing the target lesion revascularization significantly (Fig. 11).  

 

Numerous diagnostic and therapy tools are available or still under research. The major goal of the newer diagnostic techniques is providing early diagnosis and characterization of plaque 

composition to asses the rupture risk. From the therapeutic point of view, tools are needed which can prevent restenosis caused by bare metal stents or late stent thrombosis caused by drug 

eluting stents after PCI. When the benefits of the newer methods get clinically proven and a successful translation will occur, there is high promise that in the near future a much more optimal 

diagnosis for atherosclerosis will exist. Especially because of the molecular imaging capability by considering that the origin of atherosclerosis is of molecular nature. Due to its selectivity 

Photodynamic therapy could be a future treatment technology in Atherosclerosis for preventing restenosis.

Fig.1: Healthy Arterial Wall (a) and an arterial wall with atherosclerotic lesion (b) caused by foam cells 
[1]

Atherosclerosis - The leading cause of death Facts about Atherosclerosis Challenges

• Chronic vascular disease
• developing very slowly and stays a long period 

of time symptomless 
• accumulation of cholesterol at arterial 

macrophages 
• Reduction of inner arterial lumen 
• Reduction/ Blockage of blood flow 

 

Myocardial infarction (heart attack), stroke 

or other serious conditions 

Stenosis – Interventional and Diagnostic Tools and Systems needed

and available to treat Atherosclerosis

• Early detection needed (prevent Patients from 

death)
• Harmless Diagnosis and Therapy
• Preventing Restenosis after Revascularization 

procedure

Diagnostic Tools
Therapy methods and tools

Main unsolved Therapy problem Newer Therapy approaches
• Lithoplasty balloon catheter (Fig. 11)
• Elliptic rotating Atherectomy device (Fig. 12)
• Thermal treatment
• Photodynamic therapy

Fig. 2: Angiogram of a lesion in the left anterior descending artery before 

an intervention (left) and after an intervention (right) [2] 

Fig. 3: Comparison between histological (left) IVUS (middle) and MRI (right) 
images of a atherosclerotic lesion [4] 

Fig. 4: IVUS image (left) and corresponding tissue map (right) black part of the 
image represents the inner lumen, dark green is fibrous tissue, light green fibro-
fatty tissue, red is necrotic core and white is dense calcium [3]

 

Fig. 5: IVUS image combined with Near infrared spectroscopy (NIRS) information 
(left) chemogram of NIRS (right) yellow represents locations of high and red of 

low probability of lipid presence [2] 

 

Fig. 6: Optical coherence tomography image of atherosclerotic arteries ; fibrotic 
stable plaque (A) calcification (B) [5] 

Fig. 7: IVUS image (left) and Intravascular palpography map (right); higher 

percentage of strain is concentrated to weaker points, with higher rupture risk [3]  
 

Fig. 8: Stent placement with a balloon catheter; Balloon 
catheter is inserted in a deflated state (left); balloon 
catheter is inflated (middle); balloon catheter is removed 
and stent remains in the artery (right) [6]

g

Lifestyle modification and pharmacological treatment

Interventional or Surgical Revascularization procedures 
• Coronary artery bypass grafting 
• Percutaneous Coronary Intervention 

Stenting tools Atherectomy devices

Thrombectomy devices

Fig. 9: Atherectomy device with rotational tip, aspiration 
and Infusion Ports [7]

Are used for aspiration of thrombus during percutaneous coronary 

intervention (PCI). 

Fig. 10: Comparison of complications with a bare-Metal stent – Restenosis risk (A) and a Drug-eluting 
stent – Late stent thrombosis (B) [8]

Fig. 11: Orbital atherectomy catheter with diamond coated eccentric shaped crown [9] Fig. 12: Lithoplasty balloon catheter with small electrodes on its surface  
which deliver ultrasound shockwaves to break up calcified plaques [10]  

Conventional angiography

Intravascular ultrasound (IVUS)

Optical Coherence Tomography (OCT)

Magnetic resonance imaging (MRI)

Near infrared spectroscopy (NIRS)

Intravascular palpography

Aim of this poster

Give an overview about available and needed 

tools in interventional treatment and diagnosis of 

Atherosclerosis 
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Abstract— Due to the fact that Atherosclerosis is the leading 

cause of death, a huge number of diagnostic procedures are on 

the market or in the developing state. This paper provides a 

comprehensive overview of available diagnostic and 

interventional tools for treating Atherosclerosis. Moreover, still 

needed improvements will be identified and the current situation 

is evaluated. Real time imaging methods with detailed 

morphological information are shown and discussed. 

Advancements like targeted contrast agents which allow the 

characterization of plaque composition are compared due to their 

significance. The differentiation between different soft tissue 

layers are considered. The possible use of Imaging modalities 

with molecular imaging capability are presented and the 

opportunity of offering earlier diagnosis is analyzed. The effects 

of different therapy tools on standard revascularization 

procedures are discussed. Different types of stents are compared 

and discussed about alternatives.  

 

 
Index Terms—Atherosclerosis, Percutaneous Coronary 

Intervention, Stenosis, Vessel Revascularization 

 

I.� INTRODUCTION 

THEROSCLEROTIC cardiovascular disease (ACVD) is 
the leading cause of death in industrial nations [1]. 

In the developing world the number of deaths caused by 
ACVD like ischemic heart disease and atherothrombotic 
stroke is lower, but increasing rapidly. A prognosis 
shows that in the year 2025 80 – 90 % of all 
cardiovascular diseases will be in the developing 
countries [2].  

Atherosclerosis is a chronic vascular disease. In most 
cases it is developing very slowly and stays a long 
period of time symptomless. The disease starts with an 
accumulation of cholesterol at arterial macrophages 
which are then transformed into lipid loaded foam cells. 
As a next step these foam cells attach to arterial walls 
and cause a thickening which reduces the inner arterial 
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lumen. At the same time the artery walls are losing their 
elasticity because of the cholesterol sedimentation on the 
endothelial cells [3].  

A decrease of the artery lumen causes a reduction in 
blood flow up to a complete blockage of the artery. 
Major affected arteries are coronary arteries, cerebral 
arteries and the aorta. A blockage of one of these arteries 
can cause myocardial infarction (heart attack), stroke or 
other serious conditions. Risk factors for atherosclerosis 
are smoking, hypertension, diabetes mellitus, genetic 
factors, unhealthy blood cholesterol levels, overweight, 
older age and the lack of physical activity [4].  

Early detection of atherosclerotic lesions in the 
cardiovascular System can prevent most of the patients 
from death [1]. This fact makes clear that the focus of 
new medical diagnostic approaches should be on 
providing early, easy and harmless diagnosis of 
asymptomatic atherosclerosis. For this reason, the paper 
will give an overview of available diagnostic and 
interventional tools for treating Atherosclerosis and will 
try to identify still needed tools which are not yet on the 
market. The main goal of this tools should be offering 
earlier diagnosis and a safer and more individual 
treatment of ACVD. 

 

II.� STANDARD DIAGNOSTIC METHODS 

Invasive x-ray angiography is still the gold standard 
for anatomic imaging of stenosis caused by 
Atherosclerosis [5]. Most often coronary, carotid or 
peripheral angiography is done. For this kind of 
procedures, a thin catheter is inserted through the 
femoral artery at the groin (most often) up to the region 
of interest. The catheter is used to inject a contrast media 
to these regions. Under x-ray fluoroscopy the contrast 
media becomes well visible and offers a high diagnostic 
accuracy with a spatial resolution of 0.1 - 0.2 mm and 
temporal resolution of 10 ms [5]. With these properties 
x-ray angiography is the most accurate anatomic 
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imaging technique to outline the stenosis caused by 
plaque on the arterial wall [5].  

 

 
Fig. 1: Angiogram of a lesion in the left anterior descending artery 
before an intervention (left) and after an intervention (right) [6] 

Angiography is also done noninvasive with computed 
tomography or magnetic resonance imaging. These 
methods are called coronary computed tomographic 
angiography (CCTA) and magnetic resonance 
angiography (MRA). 

 

III.� ALTERNATIVE DIAGNOSTIC APPROACHES WITH 

FUTURE PERSPECTIVE   

A lot of special diagnostic strategies are available to 
detect Atherosclerosis. The most common and important 
ones are described in the following part. 
 

A.� Intravascular Ultrasound (IVUS) 

IVUS is a catheter based ultrasound system which 
provides real time images of existing plaque and vessel 
morphology. There are 3 types of plaque which can be 
identified by this technique. Soft plaques with large lipid 
core, calcium containing plaque and a combination of 
lipid and fibrous tissue. Soft Plaque can be recognized 
by echolucent Signals which are displayed as black 
pixels on the screen. Echobright Signals with additional 
shadowing effect behind the plaque are interpreted as 
calcium layers, which are displayed as brighter pixels. 
The mixture of echolucent and echobright signals are 
understood as plaque which contains a combination of 
lipid and fibrous tissue [7].  

The disadvantages of this technique are the 
invasiveness and that no cellular or molecular imaging is 
possible. Echolucency could also be achieved due to 
necrosis or thrombus. However it is valuable in outlining 
plaque morphology and classifying key indicators of 
instability and is the most widely available ultrasound 
tool for this purpose [7]. As a conclusion it can be said 
that “IVUS is useful but not conclusive or 
comprehensive” [7] for the diagnosis of atherosclerosis. 

 

B.� IVUS with targeted contrast agents 

An advancement of conventional IVUS imaging is to 
combine the IVUS imaging with intravenous injected 

targeted contrast agents with the shape of microspheres 
(microbubbles). These microspheres are filled with gas 
and with different ligands attached to the surface of their 
thin shell. The ligands can bind to disease specific 
molecules. In the case of atherosclerosis this molecules 
could be leukocyte adhesion molecules on the 
endothelial cells of inner arterial walls which are caused 
by inflammation processes [8]. Recent research shows 
that also nanoscale echo-reflective liposomes can be 
used as targeted contrast agents [7].  

This method is also still invasive but would allow to 
use ultrasound for molecular imaging in atherosclerosis 
diagnosis and differentiate between different types of 
atherosclerotic plaque.  

 

C.� IVUS for plaque characterization 

A study shows that backscattered spectra of ultrasound 
waves are related to the underlying tissue layers [9]. 
Therefore compared to standard IVUS imaging where 
the plaque characterization is done by image analysis the 
composition of plaque can be analyzed more precisely 
by the interpretation of the backscattered spectrum [10]. 
Fig. 2 shows such a tissue map of a corresponding IVUS 
image based on spectral analysis. The black part of the 
image represents the inner lumen, dark green is fibrous 
tissue, light green fibro-fatty tissue, red is necrotic core 
and white is dense calcium. 

 

 
Fig. 2: IVUS image (left) and corresponding tissue map (right) [7] 

The spectral analysis is done with intravascular 
ultrasound machines which are providing phased-array 
transducers, where the analyzing system is built in and 
only needs an ECG input to synchronize the images to 
the heart beat [7].  
 

D.� Non Invasive external MRI & Intravascular 

magnetic resonance imaging (IMRI) 

Non Invasive external MRI is the most precise 
technique in characterization different layers of soft 
tissue  like the atherosclerotic components of lipids, 
fibrous tissue, calcium and Thrombus formation [11]. It 
can also detect thickenings at early stages of the 
atherosclerotic process [12]. Fig. 3 shows a comparison 
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between a histological image which illustrates the real 
anatomical structure, an IVUS image and a T2 weighted 
MRI image of an artery. It is easy to see that the contrast 
between the soft tissue layers is higher in the MRI image 
than in the IVUS image. 

 

 
Fig. 3: Comparison between histological (left) IVUS (middle) and 
MRI (right) images of atherosclerotic lesions [13] 

Furthermore, it is easier to see the similarity to the 
histological image than in the IVUS image. 

One of the disadvantages is the signal to noise ratio 
(SNR) which is decreasing with higher distances of the 
vessels from the RF-Coils. This is mostly the case for 
smaller vessel sizes like tiny branches of the coronary 
arteries. Therefore, external non-invasive MRI is only 
useful for large arteries like the Aorta, the carotid 
arteries and some major branches of the coronary 
arteries [12]. With decreasing SNR also, the image 
resolution is decreasing, which is the major limitation of 
this method.   
An advancement of this approach for above mentioned 
problem are intravascular catheter based MRI-Coils 
which can be inserted into the arteries and are built to 
use for deeper lying small arteries like some coronary 
branches. Another advantage of this procedure is that it 
is not affected by cardiac motion in comparison to 
external MRI Application. The intravascular MRI 
system is composed of a probe which is integrated at the 
tip of the vascular catheter and a transportable control 
unit. Magnets, RF-Coil and corresponding electronics 
are included in the IMRI probe. For such a portable 
IMRI System is no external magnetic field or coils 
necessary. Fig. 4 shows the IVMRI catheter probe with 
integrated low pressure fixation balloon. This fixation 
method is used to achieve higher resolution because of 
less motion of the coil tip. When the catheter is fixed, 
the probe scan in a section shaped lateral view of 60°. 
The MR diagram which is shown in the right, illustrates 
the lipid fraction (LF) based on the diffusion coefficient 
of the MR signal. The LF is the percentage of lipid in the 
imaged arterial wall. Blue areas in the diagram mean that 
the LF is decreased and yellow areas mean that the LF in 
these regions are increased. These calculated regions are 
correlating to 90 % with the histological information 
[14]. However, the clinical use of this technique is very 
limited because of the invasive procedure, size of the 

catheter and the time consuming scan. Nevertheless, 
there is still research necessary to make this procedure 
optimal and usable in a clinical routine. 
 

 
Fig. 4: Intravascular MRI catheter probe with inflatable balloon 
fixation mechanism (left), corresponding MR diagram based on the 
diffusion coefficient (right) [12] 

 

E.� Radionuclide Imaging 

Like mentioned before coronary angiography is the 
gold standard for diagnosing atherosclerosis [15]. 
Coronary Angiography is very successful in measuring a 
stenosis of the lumen of an artery. When the lumen 
diameter of an artery starts to decrease, the plaque 
formation growth is completed up to 40 % which means 
that it is impossible to detect atherosclerosis in early 
stages [16]. This fact was one of the reasons why 
functional imaging in the field of Atherosclerotic 
diagnosis got important. PET or SPECT devices are able 
to make a quantification of the biological process of 
plaque development, provide information about the 
plaque composition and track the disease progression 
from the starting point. Biological targets such like the 
adhesion molecule VCAM-1, which is one of the first 
molecules expressed by the endothelial cells, signalizes 
the beginning of the plaque formation process [16].  

The probes which are labeled with radionuclides 
should have key characteristics like high affinity to 
targeted molecule, ability to overcome biological 
barriers, low toxicity, efficient clearance in vivo and 
straightforward production [17]. 

For a better registration of the molecular or cellular 
information to anatomical detail it can be combined with 
imaging modalities like MRI or CT. Disadvantages are 
that also this tool needs an invasive procedure, 
associated with high cost and radiation exposure. It is 
still in the preclinical research status. 
 

F.� Near infrared spectroscopy 

Near infrared spectroscopy (NIRS) is based on the fact 
that every material has a characteristic pattern of 
absorbance of near-infrared light which can be used as a 
unique fingerprint to identify different types of 
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substances [6]. This can also be used for detecting 
atherosclerotic plaque [6]. In clinical practice it is used 
in combination with the IVUS imaging system. Fig. 5 
shows on the left the image of an hybrid catheter system 
of IVUS and NIRS. On the right side of the image the 
chemogram of NIRS is illustrated where yellow 
represents locations of high probability of lipid presence 

 

 
Fig. 5: IVUS image combined with Near infrared spectroscopy 
(NIRS) information (left) chemogram of NIRS (right) [6] 

and red low probability locations of lipid presence. The 
chemogram can be imagined as the artery wall which 
had been split open along its longitudinal axis. In this 
manner the x-axis is the pullback position in millimeter 
and the y-axis the circumferential position in degrees. 
The combined image of IVUS and NIRS helps the 
surgeon in interpreting the vulnerable plaque regions in 
the IVUS image [6]. 
 

G.� Intravascular thermography 

Another new Approach which is still in preclinical 
state is intravascular thermography. This approach is 
based on the assumption that the temperature at arterial 
walls with atherosclerotic lesions are heterogenic 
distributed compared to healthy vessel walls. Certain 
regions with increased temperature could be a sign for 
inflammation which are known as one of the major signs 
for atherosclerosis. Also the macrophages which are 
very active cells and play a major role in building up the 
cholesterol layers of plaque are leading an increase in 
heat. But there are other factors like the circulating blood 
which are influencing and fluctuating the temperature of 
the arterial walls [7].  

Recent research is testing this technique by 
introducing a thermography catheter which gave helpful 
results but it is still waiting for the FDA approval to test 
it on human subjects to determine if it is beneficial, safe 
and reproducible in real clinical circumstances [7]. 
 

H.� Optical Coherence Tomography 

The optical coherence tomography (OCT) is similar to 

the IVUS technology with the exception, that light is 
used instead of ultrasound at the distal tip of the catheter. 
The light waves are hitting against the arterial walls of 
the region of interest and the backscattered light is 
measured. The Signal is created by the echo time delay. 
With an axial resolution of 10-15 �� and a lateral 
resolution of 20-90 �� this method is the one with the 
highest resolution. The reason for that is the use of light 
which has much shorter wavelengths (1280-1350 nm) 
than ultrasound. This advantage is at the same time a 
limitations of the penetration depth (1-3 mm) [18]. 
 During the procedure, the catheter is inserted to the 
region of interest and the red blood cells has to be 
flushed out because of their high attenuation 
characteristic of light waves. That interruption of blood 
flow is one of the main disadvantages of this method 
because of the risk of coronary damage or myocardial 
ischemia [18]. 
 Due to the high resolution of this intravascular 
imaging technique also plaque characterization can be 
done, especially the thickness of the fibrous cap can be 
measured precisely. This is one of the major signs to 
assess the rupture risk of the arterial wall. Fig. 6 shows 
two different types of plaque composition illustrated by 
optical coherence tomography. The artery which is 
shown in A has a decreased intimal lumen due to fibrotic 
stable plaque, which is easy to differentiate from the 
artery shown in B where the darker region beyond the 
artery wall is calcification.  
 

 
Fig. 6: Optical coherence tomography image of atherosclerotic 
arteries ; fibrotic stable plaque (A) calcification (B) [18] 

This technique is already used in clinical practice 
primarily for measuring the thickness of the fibrous cap. 
It is also used for characterization of the healing process 
after an intervention [18]. 
 

I.� Intravascular palpography 

All above mentioned methods are focused on 
detecting one pathological aspect like for example 
measuring the thickness of the fibrous cap. Vulnerable 
plaque is tried to be differentiate from non-vulnerable 
plaque by characterization of the plaque composition. 
But these methods are not considering the force which is 
finally causing the rupture. The mentioned force is the 
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pulsating force evoked by the blood pressure [19]. If the 
plaque is not able to withstand this stress, then it 
ruptures. Therefore, measuring the strength of the 
fibrous cap could be more decisive than measuring the 
thickness of it [19]. Intravascular palpography is created 
exactly from these thoughts. It uses the difference in 
mechanical properties of different plaque layers to 
measure the rupture risk. Intraluminal pressure is applied 
to test the local strain of analyzed tissue. Intravascular 
palpography is based on IVUS imaging and is available 
in a combined system. Fig. 7 illustrates the imaging 
result of a combined system with IVUS imaging. On the 
right, the palpography map is shown the percentage of 
strain measured on the arterial wall. The percentage of 
strain is concentrated to weaker points, with higher 
rupture risk which can be identified in this image by the 
yellow regions [19]. 

 

 
Fig. 7: IVUS image (left) and Intravascular palpography map (right) 
[19]  

It can also be used to identify high stress regions with 
the support of real time morphological imaging of IVUS. 
A limitation of this method is the illustration of the strain 
only of the first 450 �� beyond the arterial wall on an 
image [20].  
 

J.� Coronary computed tomography (CCT) for 

measuring atherosclerotic plaque strain  

For many years coronary computed tomography was 
used isolated for detecting the severity of atherosclerotic 
stenosis. Recent studies are showing that an isolated use 
of angiography for assessment of stenosis is not enough. 
Currently it is discussed if angiography is needed as 
additional information to newer approaches to complete 
the diagnostic assessment [21]. To test if additional 
using of CCT is beneficial, the coronary flow reserve 
(CFR) was determined alone and with the additional use 
of the CCT. The main benefit of the CCT is the 
additional information whether the plaque is calcified or 
not. The CFR is a validated measure of severity of 
detected stenosis. It expresses the ratio of myocardial 
blood flow during vasodilator stress over that at rest. The 
result was that the assessment of severity of stenosis can 

be done better with additional information of CCT than 
the stenosis severity test alone [22].  
 

IV.� FIRST-LINE THERAPY OF ATHEROSCLEROSIS 

A.� Lifestyle modification and pharmacological 

treatment 

If vulnerable plaque due to Atherosclerosis is 
diagnosed, the subsequent task is to realize plaque 
stabilization. This has to be done by different medical 
approaches. When the severity is not high, the first line 
treatment is to control and minimize the risk factors like 
hypertension, hypercholesterolemia, cigarette smoking 
and the use of aspirin [23]. Nutrition plays also a 
significant role at earlier stages of atherosclerosis. 
Studies has proven that the Mediterranean diet reduces 
the risk of myocardial infarction up to 50 % [24]. 
Parallel to lifestyle modification also medications like 
anti-inflammatory agents, angiotensin-converting 
enzymes (ACE) inhibitors, lipid lowering medications 
and many others are used in Atherosclerosis treatment. 

 

V.� INTERVENTIONAL REVASCULARIZATION 

PROCEDURES 

If the severity of detected vulnerable plaque is that 
high, that pharmacological treatment and lifestyle 
modification are not sufficient, interventional local 
revascularization procedures are used for treatment. In 
the following part the most common procedures are 
described for the example of coronary artery 
atherosclerosis.  

 

A.� Percutaneous coronary intervention (PCI)  

PCI is the standard therapy procedure for 
revascularization of an artery with atherosclerotic 
lesions. The intervention starts with an incision at the 
groin area to have access to the femoral artery. From this 
entry point a catheter is introduced through the artery up 
to the coronary region. To guide the catheter, usually 
radio angiography is used. After reaching the coronary 
arteries radiopaque dye is injected into the arteries to 
detect a stenosis and calculate the diameter of the artery 
lumen. As a next step a guidewire is negotiated through 
the catheter to the right position and the catheter is 
removed. A balloon catheter is pushed over the 
guidewire again to the correct location. The balloon 
catheter is inflated multiple times to enlarge the 
constricted vessel. To prevent restenosis after deflating 
and removing the balloon, another balloon catheter with 
surrounded metal mesh (stent) is inserted to the same 
location. The second balloon catheter is again inflated 
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and widening the stent to the arterial walls. After the 
stent has reached a proper diameter, the balloon catheter 
is removed and the stent remains in the vessel [25]. The 
main disadvantage of this procedure is the risk of in-
stent restenosis and late stent thrombosis [26]. 
 

B.�  Coronary artery bypass grafting (CABG) 

When medication and healthier lifestyle is not 
reducing the symptoms and PCI is not able to treat the 
blockages or the probability of getting restenosis after 
PCI is high, then CABG is the procedure of choice [27]. 
In this surgery the surgeon creates a new path around the 
blocked artery to the heart. For the new path a healthy 
vein or artery from the body is used. CABG has very 
promising outcomes, and no risk of restenosis. 
Nevertheless, it is performed as an open heart surgery or 
minimal invasive procedure which is in both cases much 
more invasive than PCI [28]. 
 

VI.� INTERVENTIONAL TOOLS FOR TREATMENT 

A.� Balloon catheters 

Balloon catheters are used in revascularization 
procedures like PCI to enlarge the lumen diameter of 
stenotic vessels. They are navigated to the artery by a 
steerable guide wire in a deflated condition. Important 
improvements of these catheters in the past years were 
the increased bending capability, the increased shaft 
stiffness and the reduction of the diameter of the deflated 
balloon. Drawbacks of these catheters are that they are 
overstretching artery walls and especially the separate 
use has the disadvantage of early or late restenosis after 
intervention [29]. For this reason, balloon catheters are 
most often used in combination with other interventional 
therapy equipment like coronary stents or Atherectomy 
devices. 

A recent developed balloon catheter which was CE 
marked in 2015 is the lithoplasty balloon catheter. Fig. 8 
shows the small electrodes on its surface inside the 
balloon which can vibrate in a certain frequency to 
deliver ultrasound shockwaves to break up calcified 
plaques.  

 
Fig. 8: Lithoplasty balloon catheter [30] 

After delivering the shockwaves the plaque is reputed to 
be more flexible and the balloon is inflated without 
damaging the vessel wall. The six-months results of a 
recent study [31] show that there were no thrombus, 
perforations or distal embolization events. To define 
other rates like the target lesion revascularization the 
study is still ongoing. 
 

B.� Atherectomy devices 

The purpose of Atherectomy devices was 
intravascular drilling, crushing or sanding of atheroma. 
An Advancement of this are rotational Atherectomy 
devices which are made for plaque abrasion and 
pulverization rather than cutting the plaque tissue. This 
kind of devices are used for cases where balloon 
catheters are not able to dilate the vessel due to heavy 
calcification. A study showed that short term success of 
rotational atherectomy was higher than for balloon 
angioplasty but associated with higher risk of the need of 
revascularization procedure 6 months after the treatment 
[32]. It is also associated with a higher risk of 
periprocedural myocardial infarction [33]. The 
drawbacks of these devices lead to newer developments 
of different technologies. More recent orbital 
atherectomy devices are used for treatment of very 
severely calcified lesions before stent implantation. They 
have a diamond coated  crown that rotates with 60,000 
to 200,000 rpm which can be seen in Fig. 9.  
 

 
Fig. 9: Orbital atherectomy catheter with diamond coated eccentric 
shaped crown [34] 

Due to its eccentric shape the crown is rotating in an 
elliptical orbit. This kind of rotation is reputed to be 
preventive against damages to healthy cells of the vessel 
wall. A very recent study shows a two-year data where 
443 patients were analyzed to cardiac death, myocardial 
infarction and target vessel revascularization [35]. These 
rates were significantly lower than with earlier therapy 
strategies [35]. 
 

C.� Stents 

To prevent the above mentioned problem a lot of 
different types of stents were developed in the past 
years. There are Drug-eluting stents (DES), bare metal 
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stents (BMS), biodegradable-polymer stents (BDPS), 
durable polymer stents (DPS) and alternatives to stents 
available. Bare metal stents are the first used standard 
version of stents and have only the function to hold the 
vessel mechanically open. It is often made by cobalt-
chromium or stainless steel [36]. The problem with this 
stents is as already mentioned above that in-stent 
restenosis occurs and it is needed to repeat the PCI 
procedure [26]. To avoid this problem DES were 
developed, which have reduced the need for repeat 
revascularization [37]. This type of stents is preventing 
the rebuilt of plaque around the stent material by eluting 
antiproliferative drugs like the anti-inflammatory agent 
sirolimus, and the antimitotic agent paclitaxel [38]. 
Disadvantageous is that the patient has to do dual 
antiplatelet therapy for at least 6-12 months where he has 
to take additional medications [37]. Compared to Bare-
Metal Stents the risk for late stent thrombosis is 
increased with drug-eluting stents [26]. Fig. 10 
illustrates the difference in the effect of restenosis 
caused by BMS and the late stent thrombosis caused by 
DES on the vessel lumen.  

 
Fig. 10: Comparison of complications with a bare-Metal stent (A) 
and a Drug-eluting stent (B) [39] 

As discussed above there is no current optimal solution 
of stenting a vessel [26]. Because of this reason newer 
tools like drug eluting balloons are discussed in recent 
studies which don’t have the drawbacks of implementing 
a metal scaffold [26]. The advantage of this method is 
that no implant has to remain in the vessel which can 
cause inflammation or tissue ingrowth [26]. The drug-
eluting balloon is threaded to the location of the stenosis 
and is inflated once to deliver the drug rapidly to the 
arterial wall and is completely removed after the 
procedure. Only the eluted drugs remain in the arterial 
wall. If the patient has multiple blockages in coronary 
arteries, the physician will usually think about a multiple 
arterial bypass grafting surgery, which is a much more 
complicated intervention [40]. 
 

D.� Thrombectomy devices 

Thrombectomy devices are used for aspiration of 
thrombus during PCI for reducing the mortality, 
reinfarction risk or stent thrombosis after the 
intervention. Current clinical trials were not able to 
prove these positive outcomes [41]. A randomized trial 
with 10,732 patients found out that there is no difference 
between the group which got atherothrombotic 
aspiration and the control group in cardiovascular death, 
recurrent myocardial infarction and cardiogenic shock 
[41].  
 

VII.� FUTURE APPROACHES FOR TREATMENT 

A.� Photodynamic therapy (PDT) 

An alternative treatment method for Atherosclerosis is 
Photodynamic therapy. It can destroy inflammatory 
cells, stabilize plaque layers, and heal the vessel walls 
[42]. The basic principle of PDT is built on three steps. 
First a drug is injected which is selective for the target 
tissue and sensitive to a certain wavelength of light. A 
light source is concentrated exposed to the target tissue. 
The absorbed drug by the target tissue will be selectively 
destroyed (cell apoptosis) by the activated drug and is 
not damaging the arterial wall [42]. The activating light 
is delivered to treatment site by a perfusion balloon 
catheter based illumination system. The perfusion 
balloon catheter doesn’t stop the blood flow compared to 
other balloon catheters. Fig. 11 shows an example for a 
perfusion balloon catheter with a double balloon 
structure. The two outer balloons are avoiding that blood 
gets to the middle part of the catheter where the drug 
delivery to the atherosclerotic lesion takes place. 

 

 
Fig. 11: Perfusion balloon catheter [43] 

Nevertheless, the blood is continuously flowing through 
a separate channel and there is a possibility to deliver 
drug agents to the atherosclerotic plaque through an 
additional channel. As a next step a light wire is inserted 
through the catheter to illuminate the regions of interest 
and cause cell apoptosis in the target tissue without 
damaging other regions. With this technique it is 
possible to treat multiple segments of the vessel within 
one procedure  
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 However, this technique is not yet used in clinical 
practice. Some of the reasons might be the need of 
multiple PDT components, insufficient clinical data and 
financial restraints because of high cost of an PDT 
laboratory set up.  

B.� Thermal treatment of atherosclerosis 

The theory of thermal treatment of atherosclerosis is 
based on macrophage apoptosis by applying heat. 
Investigations found that heating the plaque up to 42 °C 
for 15 minutes increased the apoptosis rate of 
Macrophages. This could be used as an additional 
treatment to prevent inflammation in coronary arteries. 
The limitation for this kind of approach is that heat apply 
can also destroy surrounding tissue. To translate this 
approach into clinical use under consideration of above 
mentioned limitation, a first design of a radiofrequency 
(RF) device in the shape of a RF angioplasty balloon 
was performed in 2015. This balloon has micro 
electrodes on its surface and is supported with cooling 
agents which should prevent damage to heathy structures 
inside the vessel lumen. The heat is applied for ablating 
the plaque and vascular smooth muscle tissue which play 
a major role in the composition of the plaque [44]. 
 

VIII.� DISCUSSION 

Due to the high priority of cardiovascular diseases a 
huge number of diagnostic and several therapy methods 
are developed. These diagnostic opportunities lead to a 
new challenge to choose the correct and individual 
therapy for each patient. Every physician seems to have 
his own favorite tool and undertake the associated 
benefits and drawbacks. There are a lot of approaches 
but there is more need to combine the benefits of 
different techniques into one device. When such a device 
is developed, the subsequent challenge is to produce 
such a device in a low cost range, which is important by 
considering the fact that 80-90 % of all atherothrombotic 
cardiovascular diseases in 2025 will be in the developing 
world.  
 As mentioned in the beginning the main focus should 
be on providing earlier detection to safe the patients 
from death and dissociate from older generally accepted 
devices like the sole use of coronary angiography to 
detect atherosclerosis. It is very difficult to identify 
vulnerable Plaque in early stages of Atherosclerosis with 
conventional anatomical imaging techniques [45]. That 
could be one of the reasons why the disease is able to 
progress silently over many years until symptoms are 
developed and go into clinical treatment. From this point 
of view, a risk assessment before developing any 
symptoms should be the major goal. Molecular Imaging 
could be the right approach by considering that the 

origin of atherosclerosis is of molecular nature and not 
anatomic. The stenosis is only the consequence of 
atherosclerosis and not the origin [3] [46]. Compared to 
the anatomical Imaging in theory the molecular Imaging 
is also able to detect early formation of atherosclerotic 
plaque by one of the main initiators, the Inflammation 
process. The additional information like plaque 
composition, which can be acquired from these 
approaches, are significant for decision of each 
individual case between PCI, CABG or pharmacological 
therapy. There is still a lot of work to do until this goes 
into clinical practice, but this kind of techniques could 
be the future of early diagnosis of atherosclerosis.  
 

IX.� CONCLUSION AND FUTURE OUTLOOK 

A lot of new diagnostic approaches with high 
promising technologies for early detection of 
Atherosclerosis are on the market or in the developing 
phase. IVUS imaging offers real time imaging with good 
morphological information. Advancements like targeted 
contrast agents allow functional imaging to characterize 
plaque composition with IVUS imaging. Non-invasive 
external MRI offers the best differentiation between 
different soft tissue layers, with high similarity to the 
histological model, which makes it easier to interpret. 
Radionuclide imaging is high promising due to its 
molecular imaging capability. Optical coherence 
tomography is very precise in detecting morphological 
detail like the fibrous cap thickness. Intravascular 
palpography measures the strain by analyzing the 
mechanical properties which is a different aspect in this 
diagnostic field. Coronary computed tomography is 
beneficial as an additional technique to other risk 
assessment methods by quantifying the calcification of 
the plaque.  

The gold standard to treat stenotic vessels is to 
perform a PCI by using inflatable balloon catheters to 
widen the vessel lumen and implementing a stent which 
remains in the vessel to keep the enlarged lumen. Recent 
improvements of atherectomy devices which are rotating 
in a shape of an elliptical orbit are reducing the target 
lesion revascularization significantly. Thrombectomy 
devices for thrombus aspiration are getting out of use. 
Newer studies can’t prove the benefits of it. A lot of 
improvements in the field of stents were done by using 
different materials (e.g. biodegradable stents) or by 
developing drug-eluting stents which are minimizing the 
in-stent restenosis risk. 

When the benefits of the newer methods get clinically 
proven and a successful translation will occur, there is 
high promise that in the near future a much more optimal 
diagnosis for atherosclerosis will exist. 
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In the therapeutic field there is no interventional idea 
for optimal solution that offers a long term without 
restenosis risk. An exception is the invasive CABG 
surgery. The drug-eluting stents have a good short term 
effect and reduce the in-stent restenosis but increase the 
risk of late stent thrombosis. Due to its selectivity Photo 
dynamic therapy could be the future technology as 
supporting treatment for preventing restenosis. The 
clinical perspective of this technology gives high 
promise because of the opportunity to treat multiple 
segments of the vessel in one intervention and could be 
used in combination with standard PCI to prevent 
restenosis which is still not solved by other techniques. 
Another advantage is that the selectivity can be 
combined with functional diagnostic methods like 
radionuclide imaging. 

Finally, it can be said that both fields offer a lot of 
space for improvements, especially in the translation of 
above mentioned approaches into clinical practice. 
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