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H «Axtwvoteyvoroyia» avoiyet ta @repd .

Efyape mpoavayyeider oto 230 tevyog, yia tg emkelpeveg peAdovuxés aria-
Yég oy dopr] kat Vv TotdTTa TOL POVadkoV ETLOTNHOVIKOY TEPLOSIKOY TOV
Teyvordywv Axtvoddyov. Tnv «Aktvotexvoloyiar. H ovvrakuky opdda tov
meptodikov, Sev éyel emavamnavlel otig «ddgvesy, g el oelpdg eTdV emtuyovg
ékdoong tov eykekpipévov améd to YYKKA emotnpovikoy evrdmov, arrd kottd-
Cer mdvta pmpootd Bétoviag oroéva véous otéyovg. Ot otdyot pag kataktd-
vat évag Tpog évav pe oA dovAeld ,amiotevtn ayovia kat ethikpvd oAb kémo. ‘Ora Spwg Eeyviodvrat
dtav kpatdpe ota yépla pag to kdbe véo tevyog ,mpoopépovidg pag v kavoToinoy g Katdktnong
ov otdyov Kat ¢ emtvyiag. Avtd ta ovvatodipata dAwote amoterodyv v avtaporfi pag. a mpdm
popd Aotmév 1 ékdoon g «Aktvoteyvoroylagy mpaypatomoteitar o dAAN yAdooa Ty g EAnvikiic.
Zoykekppéva oty AyyAiky. Avtd Lelvar amotéAeopa g yia mpaty @opd ota eAMVikA Spdpeva twv
Teyvordyov Aktvordywv, avdmuéng ovyypagikic ovvepyaoiag pe ovvadédpovs tov Evpomaikdv (kat
eveAtiotodpe Gyt povo) ywpdv. H emompoviky Sopr tov mapdvrog tedyovg eivar kat e Bepatieri (MRI)
kat BaoiGetat oe Evpwmnaiovs kat "EAAnveg ovvddedpovg eletdikevpévoug otov Mayviukd Zvvtoviopd, pe
ToAveTy epyaoctaky] eptielpia oto avukeipevo. Me to ovykekpipévo tedyog onpatodoteital to yeyovsg ot
1 «Axuvoteyxvoroyia» avoiyet ta @repd g o 6An v Evpdmm. Etot €xovv yiver ot amapaitnteg evépyeteg
Sravopri e og dAeg TG ydpeg - péAn g EE. Idaitepn avagopd Ba mpémet va yiver oty mpoomndBera g
ovvadéigov kag Malapatéviov X. (avaminpdtpia AtevBivipia obvraéng), anotédeopa g omoiag elvat
0 gmotéyaopa g ovvepyaoiag twv Evpemnaiov ouvadédgov, pe mpoorruki pa Evpomnaiky «Axtuvorte-
yvoroylar.

‘Onwg oe Sheg g mpwtondpeg mpoondfeteg £tor kar oy Siky pag, Ba mapatnpnBolv atédees oy
opotopopgia e €kdoong. Puokd 1 S16pbwon tovgs eivar Bépa ypdvou kat povig g ovvepyaoiag, pe Tovg
ouvadéApoug tov eEwtepikol. Zag ebyopat KaAr avayveon).

Tewpyradng Kwv/vog
Teyvordyog Aktivordyog
AevBovtiig Zévraéng

“Aktinotechnologia” spreads its wings

As already announced in the 23rd issue, “Aktinotechnologia”, the only scientific journal of Radiology approved
by the Ministry for Health and Social Solidarity, will undergo modifications in structure and quality. Despite
the journal’s success over the years, the editorial staff has not rest on its laurels. On the contrary, it keeps
working towards new goals. Achieving each of our objectives requires a lot of work and time and can be very

editorial

stressful, but nothing could be more important to us than the satisfaction we derive from a new successful
publication. That is our reward.

One of the pursued objectives is finally accomplished; ”Aktinotechnologia” is published, for the first time, in
another language apart from Greek. In English, that is. This is the result of a European (hopefully international)
collaboration among Radiologists Technologists. The content of the current issue is once again about the MRI
and is based on data provided by Greek and European colleagues who have expertise in Magnetic Resonance
Imaging. Thus, given the fact that distribution is ready to begin, “Aktinotechnologia” spreads its wings all over
Europe. Our success is due in large part to Ms. Malamateniou Ch. work —managing editor- who is responsible
for this collaboration.

Needless to say, the issue will present some defects which will soon be corrected through co-operative effort. We
hope for your understanding until then and wish our journal makes interesting reading.

Georgiadis Konstantinos
Radiologist Technologist
Editor-in-chief
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An Overview of Safety Recom-
mendations for Radiographers
in the MRI Department

Julie A. Fitzpatrick D.C.R.(R)

Since entering into clinical practice in the 1980’s magnetic resonance imaging (MRI) has proliferated
worldwide with many millions of examinations carried out each year without incident. There is however,
the potential for accidents and injuries for staff, patients and research subjects within the MRI environment,
ranging from superficial to catastrophic. Although there are no specific rules to managing and working within
an MRI unit there are guidelines issued by several authoritative bodies which form the basis of this article.
With strict and careful management, MRI is a powerful imaging tool where diagnosis, response to treatment
and research can be performed in a safe environment for both staff and participants. The American College of
Radiology (ACR) states in its Guidance Document for Safe MR Practices:2007(2) that ‘Trained MR personnel
are arguably the single greatest safety resource of MR facilities.” With this in mind, here we shall examine the
main hazards associated with the MR environment.

THE STATIC MAGNETIC FIELD (B0)

Biological Effects

Human exposure to static magnetic fields comes from many
sources. All humans and other organisms are exposed to the earth’s
magnetic field which ranges between 0.25-0.65 Gauss (G) across
the globe. As technology develops we are exposed to increasing
amounts of magnetism, for example, the area under power lines
can produce magnetic flux densities in the region of 0.2G.

Three mechanisms have been established whereby static magnetic
fields interact with living tissue, magnetic induction, magneto-
mechanical and electronic interactions. Although it is beyond the
realms of this article to explain these interactions studies have been
conducted in an effort to establish the impact on living/biological
tissue.

A review of the available literature finds The World Health
Organisation (WHO) included in its study Static Fields
Environmental Health Criteria Monograph No.232 2006(5) that
there are acute cardiovascular responses in some subjects and animal
studies. However, the study goes on states that these responses
were “within the range of normal physiology for exposure to static
magnetic fields up to 8Tesla (T)”. This is corroborated by the U.S.
Food and Drug Administration, who have conclude that clinical
MR systems using static magnetic fields up to 8.0T are considered
a “non-significant risk” for adult patients.(9) The International
Commission on Non-lonising Radiation Protection(ICNIRP)
in its 2009 Guidelines on Limits of Exposure to Static Magnetic
Fields(4) conclusions regarding the static field are: “The literature
does not indicate any serious adverse health effects from the whole-
body exposure of healthy human subjects up to 8 T

> 7
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However, it is reported that physical movement within a static
field gradient has the potential to induce sensations of vertigo
and nausea, and sometimes phosphenes and a metallic taste in
the mouth.(1) These effects are transient but have the potential
to adversely affect people and could affect the performance of
staff. WHO states that ‘Effects on other physiological responses
have been reported, but it is difficult to reach any firm conclusion
without independent replication.’(5). The ICNIRP Protection
Statement on Medical Magnetic Resonance(MR) Procedures:
Protection of Patients 2004 conclusions regarding the static field
are: “The literature does not indicate any serious adverse health
effects from the whole body exposure of healthy human subjects up
to 8 T. However, it should be noted that, to date, there have been
no epidemiological studies performed to assess possible long-term
health effects in patients, workers, or volunteers. It is important
that such research be carried out, particularly on individuals such
as workers and volunteers with high levels of exposure.’(3)

Projectile and Attractive Force

An attractive force will be exerted on any ferrous magnetic objects
within the static magnetic field and its associated fringe fields. This
can and will produce a projectile effect and is a serious concern in
all MRI Units. Unsecured metallic objects can reach considerable
velocities and it is extremely unfortunate that our industry has
suffered death and serious injury because of this phenomena. A
robust method of screening of personnel and appropriate control
of the MR environment should be established and adhered to. No
equipment needed to enter the MRI controlled area should contain
significant amounts of ferromagnetic material and a robust method
of testing and labeling of all equipment should be established.

TIME VARYING (GRADIENT) MAGNETIC FIELDS(dB/dt)
In order to select an area of interest and spatially encode the
MR signal three orthogonal magnetic field gradients are rapidly
switched on and off during image acquisition. As a general rule the
faster the sequence being run, the greater the rate of change of the
gradient fields and this rate of change is indicated by the slew rate
which is measured in mT/m/ms.

Biological Effects

When subjected to time varying electromagnetic fields conductive
human tissue may have electrical fields and circulating currents
induced with it. This phenomena may lead to interference with
normal function of nerve cells and muscle fibers, manifesting as
peripheral nerve stimulation (PNS) and more worryingly, possible
ventricular fibrillation (VF). Reassuringly though all scanners
operating within International Electrotechnical Commission
(IEC) limits will prevent the threshold for inducing VF being
reached.(6)

PNS can be uncomfortable and cause limb movement/twitching.
Patients and volunteers undergoing MRI scanning vary in their
sensitivity to induced currents and therefore it is difficult to
pinpoint those who are susceptible.

Acoustic Noise
The switching gradients during the acquisition of an MR image

Kdaroxaipr 2012

results in acoustic noise being produced due to forces being
exerted on the gradient coils and the production of sound waves.
Noise levels can reach uncomfortable and even dangerous levels
where hearing will be affected either temporarily or permanently
depending on the level and frequency of exposure. The ICNIR
recommends hearing protection should be offered if noise levels
exceed 80dB and mandatory if noise levels exceed 85dB (3). The
IEC however, state that hearing protection is required above 99dB

(6).

RADIO-FREQUENCY MAGNETIC FIELDS(B1)

Biological Effects

The use of radio-frequency (RF) fields during MR image
acquisition results in power being deposited in the tissues. At all
frequencies, power is deposited in the tissues however; heating
effects predominate above 0.IMHz. MRI does in fact operate
above this level as demonstrated in the following table, taken from
the Medicines and Healthcare Products Regulatory Authority:
Safety Guidelines for Magnetic Resonance Imaging Equipment in
Clinical Use - DB 2007(03) (1)

Typical field strengths and RF

transmit frequencies for MR systems

Field Strength (T) Transmit Frequency
(MHz)
0.2 8.5
0.5 21
1.0 42
1.5 63
3.0 126

This absorption of energy leads to the increased oscillation of
molecules and manifests as tissue heating. To compensate the
blood vessels will dilate allowing increased blood flow and excess
heat is dissipated mainly through the skin. A rise of 1°C is tolerated
well by a healthy person (3) but some groups are more sensitive
and heat stress is a concern. Included in this group are pregnant
women and those using diuretics and vasodilators.

The ICNIRP advices “With regard to localised heating, it seems
reasonable to assume that adverse effects will be avoided with a
reasonable certainty if temperatures in localised regions of the head
are less than 38°C, of the trunk less than 39°C, and in the limbs
less than 40°C.’(3)

The rate at which heat will be dissipated is dependent on the ambient
temperature, air flow, clothing and room humidity. Therefore,
it is an option to monitor the scanning room temperature and
humidity with suitable devices and keep these within set limits.

Burns

Divided into contact and current burns, these occur when RF
induces currents in conductive substances and raises the temperature
significantly. Examples are coils and their leads, monitoring
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equipment, metal contained in clothing etc. Additionally, burns
can occur where there is skin-to-skin contact and a conductive loop
is formed. Burns are entirely avoidable if correct placement of all
equipment is maintained and the patient/participant is positioned
correctly. Maintain visual and verbal contact and ensure that the
patient has the alarm bell and they understand how to use it.
Here we have an example of very poor positioning of both patient
and equipment. Note the conductive loop created by the hands being
joined. The coil is unsecured; its wires are twisted and run across
bare skin. Close inspection reveals that the subject is still wearing a
bracelet, which could actasa projectile and heat up during scanning-
or both!

CRYOGENS

Modern MRI scanners use superconducting magnets, which are
created by immersing the magnet windings into a bath of liquid
helium thus cooling the material where it changes from its normal
resistive state into a superconductor. A jacket of liquid nitrogen
may surround this to prevent helium boil off. In normal use,
these liquid gases pose no threat providing adequate care has been
taken to correctly position and maintain the quench pipe. Often
the responsibility of the institutes’ maintenance department the
quench pipe should be arranged so that it cannot become blocked
with debris or ice.

The MHRA reminds us that the quench pipe should open into a
suitable area where the gases can be easily expelled without harm
to persons or equipment. (1) Here we see an example of signage at
the sight where the quench pipe vents.

In the event of a system quench, all personnel should immediately
evacuate the area and the sight should be secured. Should helium
or nitrogen be vented into the MR environment,

which would take the form of visible white clouds or fog, the
atmosphere may become deficient in oxygen and the MHRA(1)
warns that atmospheres containing less than 18% oxygen are
potentially dangerous and should not be entered. It would therefore
seem sensible to use oxygen monitors situated in the scanning
room which is recommended by the MHRA (1). The ACR rejects
the use of oxygen monitors as it states that they cannot be relied
upon to be accurate during power outages.(2)

Axuvotexvoroyia

" Do NOT

Loiter
_In This Area |

WARNING

DANGER OF ASPHYXIATION

MANAGEMENT OF HAZARDS

Research and technology are continually evolving so it is essential

for Radiographers continue to keep abreast of current best practice
and embrace an attitude of ongoing education. The ACR Guidance
Document for Safe MR Practice: 2007, states ‘Establish, implement
and maintain current MR safety policies and procedures’ (2) and
in the UK the MHRA DB2007(03) includes the importance of
‘joint understanding of the responsibilities of management and the
responsibilities of individuals.”(1) Ultimately, the chief executive or
general manager of the institution where the MR facility is situated
must assume overall responsibility for the safe use of the facility.
However, the day-to-day running is delegated to an appropriately
trained and experienced staff member who assumes the role of
MR Responsible Person. It is the MR responsible person who
must ensure that policies and procedures are implemented by all
staff at all times. In the UK all policies and procedures, including
emergency procedure, working and operating instructions etc are
written into a document referred to as the local rules and issued to
all personnel who have access to the MR facility. These local rules
are reviewed and updated on an annual basis. Bearing in mind
that there will often be a wide range of staff of varying abilities
within the MR facility, staff training is essential. Levels of training
should be defined, documented, reviewed and updated regularly
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and it is useful to categories personnel based on their training and
experience. Both the ACR and MHRA(1,2) recommend the use
of named categories to differentiate staff and therefore define their
duties and access to equipment, the former favouring the use of
the terms level 1 and 2 while the latter uses three categories, A, B
and C.(1,2)

Both bodies also include in their guidelines to importance of
defining zones/areas within the MR facility and controlling who
has access to each defined zone/area. The zone/area is defined by
the magnet field strength in that area and proximity to the MR
scanner. Typically, it is the 5G line which defines where only
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persons who have been adequately screened are safe to cross.

MR personnel as defined by the local rules should always supervise
the controlled area and maintain visual contact.

Floor markings are useful to define the designated areas within the
MR facility; however, it is important to be mindful of the fact that
magnetic fields are three dimensional. The 5G line may project
beyond the confines of the walls, ceiling and floor of the scanner
room and regardless of whether these areas are regularly occupied
or not i.e. cupboard or roof space, access should be restricted.

Here, we see an example of a typical floor plan and gauss line map
for a clinical scanner with an example of how the 5G line extends
beyond the scan room into the equipment room.

Non-MR Personnel should always undergo rigorous screening
before being allowed to enter the controlled area beyond the 5G
line. A questionnaire, which is filled in by everyone, should be
signed and checked by MR personnel before permission to enter
the controlled area is granted. Suitable questionnaires can be
downloaded from websites including MRIsafety.com and British
Association of Magnetic Resonance Radiographers (BAMRR).
MRIsafty.com is also a valuable resource with regards to assessing
the safety of implanted metallic devices and Radiographers
worldwide rely on ‘the list’ to determine the safety of implants for
their patients.

Equipment that is needed in the controlled area should be subjected
to similar scrutiny and the MHRA(1) recommends that the MR
responsible person ensures that a policy is in place for the purchase
and testing of such equipment. Ambiguous labeling of equipment
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in the past lead ASTM International to publish an international
standard F2503-05. The standard provides simple, visual icons
and terms and a uniform system for marking to indicate the
MR conditions that have been determined to be acceptable for a
medical device or other item in the MR environment.(8)

MR SAFE
An object which poses no known hazard in all
MR environments

MR CONDITIONAL

‘an item which has been demonstrated to pose
no known

hazards in a specified MR environment with
specified

conditions of use. Field conditions that define
the specified MR environment include field
strength, spatial gradient, dB/dt (time rate of
change of the magnetic field), radio frequency
(RF) fields, and specific absorption rate (SAR).
Additional conditions, including specific
configurations of the item, may be required.’

@B

«Reprinted, with permission, from ASTM F2503-08 Standard
Practice for Marking Medical Devices and Other Items for Safety
in the Magnetic Resonance Environment, copyright ASTM
International, 100 Barr Harbor Drive, West Conshohocken, PA
19428. A copy of the complete standard may be obtained from
ASTM International, www.astm.org.»

MR UNSAFE
‘an item which is known to pose hazards in all
MR environments.’

It is possible the ASTM markings are used in
black and white, but colour is recommended to
aid visibility. (8)

Although 1.5T is a common field strength
utilised in MRI increasingly higher strength
magnets are being installed i.e. 3T and above.
All personnel must be mindful when moving
between magnet strengths. The 5G line and
fringe fields will differ between scanners and
never assume equipment is safe unless it is
documented in writing and clearly labelled
with the field strength compatibility.

®P>[5]

Pregnancy

During pregnancy, the decision to scan should be taken on a
case-by-case basis. The clinical benefit of undergoing MRI must
outweigh any risks and the diagnostic information captured, not
obtainable by other means i.e. ultrasound. When deciding to scan,
the information obtained during the MRI scan should alter patient
management during the current pregnancy and that it would not
be prudent to wait. The ACR state that ‘present data have not
conclusively documented any deleterious effects of MR imaging

on the developing foetus.” Nevertheless, it goes on the recommend
that ‘it is prudent to screen women of reproductive age...prior to
permitting them access to the MR environment.’(2) Excess heating
is a plausible teratogen (3) and so RF exposure should be kept
to a minimum, the scanner only operating in normal mode. The
acoustic noise created by the switching gradients has raised concerns
with regards to its effects on the development of fetal hearing and
possible hearing loss.(1) Although there is a lack of firm evidence
the US Environmental Protection Agency, recommends a noise
level exceeding 45 dB is best avoided. (10)

It is not yet established how exposure to gadolinium based contrast
agents affect the foetus and thus should not be administered
without a careful risk assessment and full informed consent from
the patient.(2)

In conclusion the MHRA recommendations are that “Whenever
the decision to proceed with the examination is taken, the scan
should be carried out using a sequence that finds an optimal
solution of minimising the RF and noise exposure.’(1)

Neonates and Children

Neonates and young children should be considered to be a
vulnerable group in the MR environment and need special
consideration. As discussed earlier heat stress is possible when
undergoing MR scanning babies and children are particularly
susceptible, however the air temperature in the MRI environment
is often be kept cool to aid heat dissipation in adults. Therefore
thought should be given to the fact that this may be unsuitable
for neonates and children. As children form the largest group
undergoing sedation and anesthesia in the MRI Unit and cannot
always effectively communicate the ACR recommends monitoring
should be used to ensure the infant remains stable during the
examination.(2)

Children’s toys, blankets, pillows and comforting items should be
discouraged and each MRI Unit should have suitable bedding and
gowns/babygrows available for the purpose of paediatric scanning.
(2) But, if necessary to ensure a successful examination a robust
method of testing with a hand held magnet should be employed.
(1) Any accompanying persons need to undergo the same rigorous
screening allied to all before being allowed to enter the controlled
area. In order to maintain safety when exposed to noise suitable
hearing protection for babies and children will need to be
employed. MRI Units with experience of scanning paediatrics use
dental putty, mini muffs and children’s smaller size headphones.
Covered foam pads used in line with infection control policy,
can act as an immobilization device as well as offering extra noise
attenuation when placed around the head of a baby or child.
Older children and teenagers are notoriously poor historians and
thus should always undergo questioning with a parent or guardian
and again separately, to ensure all information is correct. Bearing
this in mind it is worth considering changing all children and
teenagers into gowns in order to undergo scanning.

Cardiac Pacemakers

Until recently, it has been considered an absolute contraindication
to scan a person who has been fitted with a cardiac pacemaker
as patient deaths have been reported during exposure to static
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magnetic fields and time varying magnetic fields.(1) This has
meant that a proportion of the population has been excluded from
the diagnostic power of MR Imaging, leading manufacturers to
pursue the production of a MR pacing system that could enter the
MR controlled area and undergo imaging. In 2010, Medtronic
introduced the Surescan pacing system that under specific
conditions can allow the patient to undergo MR imaging safely.
It must be noted that the Surescan is MR conditional and the
Radiographer must be satisfied that all conditions are adhered to
in order to perform an examination without incident. Centre’s
with experience who have published their experiences agree that
a robust protocol needs to be devised and followed.(11,12) The
Medtronic website states the criteria that must be met and specifies
the flow of the referral and procedure.

Contrast media

Despite MRI demonstrating superior soft tissue contrast when
compared to other imaging modalities the administration of
contrast media is sometimes necessary. A variety of contrast
media exist and modes of administration include either oral
or intravascular. By far the most common is gadolinium, a rare
earth metal. Since gadolinium is highly toxic it is administered in
a form where it is held in a chelate in an aqueous solution. In
the UK Radiographers with appropriate training are permitted
to administer contrast media and should do so in line with the
local rules and departmental protocols. Documentation of the
administration of contrast media should always be kept and in a
form which can be retrieved easily if required.

Nephrogenic systemic fibrosis (NSF), or sometimes known as
Nephrogenic fibrosing dermopathy (NFD) is a rare and serious
condition first described in 1987 and only occurring in patients
with advanced kidney dysfunction. NSF is also thought to be a risk
in patients who are waiting for or who have had a liver transplant
and in neonates whose kidneys have not fully developed. In 2006
an association was made with the administration of gadolinium
in an influential study (16) and was soon followed by further
studies and case reports supporting the association.(17) Although
a causal link has not been fully established several theories have
been proposed. Since there have been no cases of NSF in anyone
with normal kidney function, kidney impairment is thought to
be a factor as contrast agent is cleared via the kidneys and the
rate of excretion is much slower in patients with impaired kidney
function.

The European Medicines Agency (EMEA) Committee for
Medicinal Products for Human Use (CHMP) has classified
gadolinium containing contrast media into three groups depending
on their risk classification. Consideration has been given in the
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recommendations to patients at risk of NSF, in patients with renal
impairment, perioperative liver transplant period, use in neonates
and infants, and the elderly along with use during pregnancy and
lactation. (15)Full details can be found on both the MHRA and
EMA websites.

European Union Physical Agents Directive (EU PAD)

In 2004 the European Commission approved the EU Physical
Agents (Electromagnetic Fields) Directive 2004/40/EC, with the
intended implementation date of 30th April 2008. The directive
was designed to protect staff that are exposed to electromagnetic
fields and limit that exposure to recommendations published
by the International Committee on Non-Ionising Radiation
Protection (ICNIRP). The impact of implementing the Directive
would be to restrict interventional procedures, delivery of patient
care during general anaesthetic or for vulnerable patients and staff
adjusting or monitoring equipment, any procedure that involved
staff being close to the scanner during image acquisition.
Following reaction from interested and affected parties who felt
that it was important not to introduce over-precautionary safety
regulations, an amended Directive was adopted in 2008 that
delayed its implementation for a further four years until 2012.
This was to allow time for further research and consultation into
exposure to EMF and its impact on MRI in both clinical practice
and research.(13,14)

A new draft to the Directive, with substantial amendments to
the original has been proposed. New ICNIRP figures based on
additional research have been adopted and MRI has been excluded
from the numerical exposure limits though not entirely from
the full scope of the Directive. Some member states oppose the
exemption of MRI, and at the time of writing it appears unlikely
that agreement will be reached before the 30th April 2012 deadline.
So, the EU is now proposing to delay the directive implementation
further still.

Conclusion

In this article, I have attempted to give an overview of the hazards of
working in an MRI unit. It is by no means exhaustive and I would
encourage all readers to make use of the resources available and
continue to be aware of updates and changes to recommendations.
Arm yourself with relevant and robust information, stand firm and
never become complacent about safety.

Useful Websites
http://www.mrisafety.com/
htep://bamrr.org
htep://www.medtronic


http://www.mrisafety.com/
http://bamrr.org
http://www.medtronic
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Aneixovion oe vynia
OTATIKA payvnrlka nedia, texvofoyika
Ka1 kfivika nfleovexktnpaca

Bopara EvSorial, Mafiéxa Zown!, AaBbac Eflevféoioc,
T TEI ABnvcv-Tunua Pabiofloyiae Axtwogloyiag, “I1II'NAdapioacg.

H aneucévion pe payvnruc) topoypagia (MT) ota vymAd payviyukd media mapéyet vymAdtepo Aéyo orjparog
npog 06pupo (Signal to Noise Ration — SNR) oz abykpton pe mv MT ota yapnAd payvirucd media. Zmy mipdén to
avénuévo SNR popei va ypnowotromOei yia mmio evdidkpries ewcdves, kakitepy) yopucy) Staxproki cavémrag kat
va petdoovpe Tov ypévo ekétaong. Ta opédn e MT ota 3T oy aneucévion tov Kevepucod Nevpucod Zvotiparog
-KNZ eivat oA onpavrucd kat aré ta Tpdyta 1ov £xovv eappootei oty kAwvic) pasn. EmmAéoy, £xe a-
patnpn0ei 6t ) ameucévion e kokiag kar ™G kapdids oe VPMAG payviued Tedio oe cuvdvaopd pe Ty ey
mapdniie anenévions (ITA) petdvouy Tov xpévo odpwong kat ta texvikd opdhuata kiviong (motion artifact) pe
amotéAeopa Ty kakbrept TodTTa ekévag ot GOykpion) pe TV anewcdvion yapnAdtepou payviytucot mediov. Xta
vPmAd payviyrucd media ta parvépeva payviyukrc emdektkdmrag sivar avgnuéva meg kat o T1 ypévog yardpe-
ong. To mpdyto Petichver v evatotnoia oty avadetn tov apoppayidy, kakbrepeg eucéves perfusion kat Aerrovp-
yukéc eucéveg (factional images) eved To Sevrepo éxer agromomOei yia va emrevyBodv vmiig TrordmyTag ayyeroypagt-
év pe teyvucés time-of-flight kat fehnopévn anewévion oe eucdveg T1 pe evbopAépra éxyvon ovorwv avrifeorg.

High field magnetic resonance (MR) imaging provides better
SNR compared to low field. In practice the increased SNR is
used for clearer images, better resolution and faster scans.
The benefits of 3T MR imaging in the depiction of CNS

are very important. Moreover it has been noticed that the
body and cardiac high field imaging combined with parallel
imaging techniques reduces scan time exam and resultant
motion artifacts resulting in higher image quality compared
to low field. The high field MRI has increased susceptibility
effect and prolonged T1 relaxation time. The first improves
the sensitivity to the presence of haemorrhages, and produces
better perfusion and factional images while the second has
been exploited to succeed time-of-flight MRA angiographies
and T1 contrast-enhanced imaging.

Aé&erg kAerdud:

MT, 3T.

Key words:
MR, 3T.
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EIZATQI'H

O apiBués v ovompdtey payviukic topoypagpiag VPmAGy Te-
dlov 3T avédvetar ovveyds. To Bro woydel kar ya tov aplbpé
TOV KAWVIKGV €QAPPOYOV TG payvnukis topoypagias oe wmAd
payvnukd nedia. H payvnuki topoypagia oe vymAd payviukd
media, oe ouvdvaopd pe ta Tmvia empaveiag, T odyypoves ako-
AovBieg kar Teyvikég elvar eAudopdpa yia o péArov. Zuvena,
kdBe Texvordyos Axtivodbyog Ba mpémet va eivar efotketopévog
pe to vPmAdtepo emimedo teyvoroyiag kat v opb epappoyn
tov. H mpdym Sobidotam) ewéva mukvémrag mpetovioy yia wa-
pikn] xprjom mpaypatomotiBnke péAg to 1973. Apyikd, ta mpdta
ovotjpata MT Aertovpyodoav oe duvdpelg payvnukod mediov
oo 0,6 Tesla kat vipye apgiforia katd méoo Ba frav epucty
1) QTEKGVION PE TIO LoXVPOVS HayVITeG Kat eW0IKA yia OAGOMPES
ATEIKOVIOTIKEG avAYKES, eKTG Tov eykepdiov. Katd ) didpketa
mg emdpevng dekaetiag, Spwg, ewofybnoav woyvpdtepa ovoti-
pata MT kar péoa ané vy teyvoroyicr] e&éMén, ot payvnukol
Topoypdgot Tov Aettovpyovv ata 1,5T va amoterodv ) tpéyovoa
péBodo exhoyric (gold standard) oty khwviky pakuxy. Qotéoo, 1
tayela avamtuén otov oyedaopd payvntav kat fabpdwtdy medi-
v od1jynoe ta terevtaia ypévia oe ovotipata payvnukdv medi-
oV peyaAbtepng woyvos, 3T. [TapdAnia, extpdtat Twg to medio
v 3T Ba anoteréoet oo péAhov to véo khvikd gold standard yia
ug peBbdoug Tov payvntkod cuvtoviopov.
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IMAEONEKTHMATA

To kbpro mAeovékpa eivat to avénpévo SNR. H payvnuxy to-
poypagpia (MT)

ota vPmAd payviukd media mapéyet kaAlitepo AGyo orjpatog mpog
B6pufo (Signal to Noise Ration — SNR) oe oyéon pe ta yapnid
payvnukd media. To avénpévo SNR pmopel va emeviuvbel oe pei-
©01 ToL XpdvoL amdKTNONG, AVENpév ywpIKY avdivon ( fonbd
oV avayvaplon Kat Stdyveon pkpdv pop@oroyikdy arlaydv
Kkat pkpdv PAafav) 1 éva ovvduaopd avtdv. YYmAd payvnuikd
media oe ovvdvaopd pe teyvikés ITA pewdvouy tov ypévo odpw-
oNg Kat ta TeXvikd opdApata kivong pe amotéAeopa KaAdtep
motdtta eiedvag. 1-4

Axbpn, 1 petamtouky ovyvétnta Stagépet petald twv mpwtovi-
oV AlTroug kat Tov TipeToviey Tov vepol, dtdt dimhactdietar ota
3T oe oyéon pe 1o 1.5T. 1,2 Enopévag, pmopodue va éyovpe ka-
AGTEPY JMPKY KATAoTOAY Tov AITIOVG, PACHATOOKOTIA, PaAyVI|TL-
k1 pAefoypapia (Phase Contrast-PC) kat akorovBieg oe avtiBeon
@dong (opposed-phase) kat oe pdon (in-phase). Téhog, n kvni-
pta ddvapn yia v anewévion vPmrod topéa elvar  avénpévn
evatolnoia oty deobvapoopapivy 1 omofa Tpokalel opdipa-
Ta eTOEKTIKOTTAG, IOV PEATIOVEL TV AEITOLPYIKY ATIEKOVIOT
(factional images-MRI).

MEIONEKTHMATA

AT6 v A TAeLpd, LTIAPYOLY KAl HEPIKA coPapd petovEKTHpA-
a oy amnekévion ota 3T:

-avopotoyéveteg mediov, -meploplopols ota emnimeda tov e1dikoy
puBud amoppdenong (Specific Absorption Rate-SAR), maparte-
tapévog T1 ypbvog yardpwog, meploodtepa Teyvikd opdipata
ki petatdémong (Chemical Shift artifacts) kat teyxvikd opdh-
pata payvimiis emdexukdmyrag (susceptibility artifacts). 1,4,5

2y KAikr] Tpdén SpeG HTopovpie va petatpéoupie: Tov apa-
Tetapévo xpovo yardpwong T1, v avénuévn ynpuikr| petatdmion
KAl AVENPEVT payvitky emdekTkdTTA 0€ TAEOVEKTHHATA OE OL-
YKEKPUEVEG EQAPUOYEG.

BAOGMIAQTA ITHNIA

I'a va Swryeprotodpe o payvnukd medio tomkd pe okond va
TpogTopdoovpie pla emAextk] Topy Siéyepong 1 v ywpiki| ka-
tavopt] Tov MR ovjpatog, évag elikoediic oynpatiopds eodye-
tat péoa tov payvitn. To pedpa mod otédvetal péow avtav tov
OYNHATIOPGOV peLdVEL To Tedlo oto  éva dkpo kal evioyloel To
medio oo dAho dxpo yia tov kabBopiopd g katesBuvong amné tov
ypiot. Yrdpyouvv tpetg guotkés katevBivoels tov fabpdwtdy
mviev (y, ¥ kat §) aAAd pmopodv kat va ovvdvaotodv yia va
mapayovv éva ypappkd payvnukéd medio oe kdBe kateiBuvon.
Yndpyovv emumpdobeteg pnyavikés (Lorentz) Suvdpelg oto Bab-
pdoté odompa ya mv enitevén evig toyvpdrepov payvnukod
miediov. Emedr} ta 3T mapovotdGovv éva toyupdrepo payvntkd
medio oe oyéon pe o 1,5T, avapévovpe édu to adompa 3T Ba
mapayet meptoodtepo Nyxukd Bépufo.

Eivar peydhro mieovéktpa va éxovpe o mmvio dékty oo o Kko-
vtd givat Suvatdv oy myn tov ofjpatog pag avéavet to SNR.
Auté emtoyydvetar pe ta  mmvia emeavelag, (mmvia AMymg),
mov ToTofeTodvtal oty empdvela Tov odpaTos tov acdevoig.
O épog prjtpa amekéviong €xet dnprovpyndel yia va mepypdyet

évav peydro apBud tov otoryeiwv tov Tmviov, kaAdmtovtag pa
OUYKEKPLUEVY] AVATOWIKY) TEEPLOYH, HE THV EL0AYWYY] TIOAAGTIAGY
Eeyoplotdv kavahdv padoovyvétnrag RE Mymg. ‘Exer amodet-
ytel 6T kataokevdfovag mmvia ptkpdv Staotdoewv £xovpe éva
peydro képdog oto SNR. Ta moAkamAd pkpd mmvia, eEaopali-
fouv pa anoteAeopatiky] kdAvm akdpn kat peydA®v avaTopkdy
TEPLOYWV Kal 1) Yok Katavopt twv otowyelwv amd ta mmvia,
priopel va ypnowormombel yia va avaxmBel 1 ywptii] Anpogo-
pla, emrpémovtag étol pelwon tov apBpol twv ypappdv tov K-
Ypov xopig va petdveta ) ywptky Stakpruky ikavédmra. Tedkd
petdvetat o xpévog amdktnong Sedopévav eved drampeitat 1 yo-
pikr] SLaKPLTIKY] IKAVOTITA KAl HELGVETAL O AGYOG OHHATOG TIPOG
06puPo. Zta vymAd payvnukd media emedn vidpyet avénpévog
Adyog orjpatog mpog BépuPo pag mapéyetar o TAEOVEKTYRA TOV
peltwpévou ypévov odpwong dtav epappdbetar apdAniy amet-
k6vion. Ka®’ &t ta otoryela tov mviov 4 mg pitpag vroroyi-
fouv o ofpa TapdAinAa to éva pe to dAro, o Gpog TapdAAnn
amnewkévion €xer kabepwbel. Emfong pe v mapdniy ametkd-
vion éyovpe kaAdtepn drakpruky ikavétnta kabdg 6Aa avtd ta
mmvia petpody to ofjpa my Sa ouypy. 6

SNR KAI K-XQPOX

Me v adénon tov payviukod mediov, dev eivar pévo 1) evepyea-
K1} dragpopd avapeoa ota mapdAinia kat ta avurnapdAinia evbu-
ypapptopéva mpetévia (Spin) mov avdvetar arld kat 1) drapopd
otov aptBpé v TpeTéVIeY Tov Tipdkettal va petakvnbodv oe
éva vymAdtepo emimedo kat petd Ba méoovv - emotpéyouvy otV
maid tovg Béomn evd Ba exmépmovy éva Suvatd ofpa. To képdog
oto ofjpa givar avdroyo pe v avénon g évtaong tov mediov.
Avtd 1o képdog pmopel va ypnoomombel efte yia va petdoovpe
oV Yp6vo adpwong gfte yia va avffoouvpe v yopiky dtakprt-
K] tkavéTta Pe ™V TPOoEYYLoT TG TEXVIKNG TNG TapdAAning
amekoviong.

O ypévog odpwong e€aptdtal amnd TG ypappés Tov K-ydpov Kat
priopel va pewBel, petdvovtag tov aptBpd tev ypappdy avtdy.
Enopévag, petdvovtag tov ypdvo adpwong, avédvetar to SNR,
Gmov Tapdia avtd petdvetar kat 1) ywptky Stakprtiky kavotyta
oto déova kwdikomoinong pdong. Emopévag, mpokarodvtar me-
proodtepa teyvikd opdipata avadimmons. Kabobg avédvetat o
apBpés v ypappdyv, eved Statpeitat 1 avtiBeon kat 1 ywptki
Srakpruiky avétta, £X0vpe TO PAVOPEVO TG LTIEPSEYUATOAN-
Yiag mg pdoews (adénon ovAloyfg dedopévav otov dEova g
(pdong), to omofo eéadelpet ta opdipata avadimiactaopol kat
odnyel oe kaibtepo SNR, mapd tov peiwpévo ypévo odpwong.
Apa avédverar to petpotpevo medio amekéviong (FOV) yopig
va emmpedoet 1o mpaypatkd medio amewdvions. ‘Omwg kdbe
ypappt] Fourier ovpPdidetr oto ovvoliké SNR, 1 vriepdetyparo-
Myia gdong 6y pévo Ba mepropioet ta opdipata avadimiaota-
opot arrd Ba odnyroet o avénon tov SNR.

To mAeovéktnpa g ovppeTtpiag Tov k-ydpov, odnyel ot peiwon
Tov xpdvov adpwong, pe kéotog oo SNR. Enetdn kdbe petpod-
pevn ypappy kodikormoinong gdong ovpPdier oto SNR, kat av-
TEG OL YPARPES Thpa petdvovtat oto ptod, Ba vrdpéet peiwon tov
SNR kat 1o k60106 tov SNR Oa efvarl/V2= 0.71. Ta mapddeypa,
o¢ ewkdva mov amoktidnke ypnopomotdvtag pitpa 512 kar yw-
ptcf} Fourier amekévion, metvyaivovpe éva ypévo odpwong 1:44

>15



Axuvotexvoroyia
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2yxoioy perals emxdvov MR (A) oe 1.5T xaz (B) oe 3T. Zyperdverar vipy-
Abreon xwixif avalvay ora 3T (B) kard 1/3 Aiydrepo xpdvo adpwars.7

Aemrtd. Evd, yua ewdva mov amoxtibnke oe ypbévo 1:07 Aemtd,
ypnopomonibnke pla pikpdtepn aocdppetpov peyéBoug prjtpa
211x512. X devdtepn mepimtwon to SNR ferudverar, eéartiag
G TPOOPOPAG ™G YwPLkfg dlakprTikyg tkavoTtntag, o pkpdte-
po ypdvo odpwong.

h

2vyxpron T2 FLAIR eixdvag o¢ yvvaixa aofevij 31 excdv, mov mapovordGer omrixcif vevoizida. Meyalvreoy evarolyaia ovyy avixvevoy pias pleypovédovs frd-
By vov eyxepddov ora 3T (e1xdva ova 6eéid) oe oxéon pe 1.5T (e1xdva ora apiorepd), pe iy PAdPy va eveonilerar pdvo aryy eixdva ova 3T, aldd bxi oryy
emdva pe 1.5T (xepalsj Prafys).8
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I'a mv avayvepnon g meptoyis tov ofjpatog, fabpudwtd me-
dia ypnotporotodvtal yia va mpokaréoovv £vav Tomiké mepLopt-
opd oug ovxvédmteg Larmor. Eivar vrioypeotikd yia tov ypriot
va dwaréEel v dagopd oy ovyvémta petall mapakelpevov
oykoototxelwv. Avty 1 Stapopd ovopdietar e6pog ovyvotitwv
(Bandwidth). Auagopetikés ovyvénes draxdmrovtar pe éva @iA-
po kat pévo o BépuPog g ouyvéTTag evids Tov £6pog cuyvo-
tjtev Ba ovpfdider oto ouvorké emimedo BopiPov. O Bpufog
™G eIKOvag petdvetal xpnotporowdvtas éva yapnidé bandwidth
mpwtékoMo. O 06pufog efvat avdioyog tov Vv émov v to emmidey-
pévo edpog auyvotiitwv. To pjkog tev dedopévmv g akorovbiag
Sivetar amd tov ypbvo Tov ypetdletar yia va emrpare! pia otpo-
@1} 360- potpdv Tov eykdpotov HayviTIopod yia To Tapakeipevo
voxel. Avtd Ba mdper mepoodtepo yia pia akorovbia yapniod
€lpog ovyvoTHtov odnydvtag ot pla mapatetapévy akdkor
dedopévov pe amotédeopa va €xovpe peydaoug xpdvous 1youe kd-
VOVTag o TpwTékoAAo o gvaiobnto oy kivion porig kat ota
TeVikd opdipata payvnukrg emdektkdmrag. Emetd ta opdi-
pata kg petatdrmong avédvovat pe v évraoy tov mediov,
plag vymAdtepns ameikéviong bandwidth anarteitar ota 3T ya
va petdoovpe avtd ta texvikd opdipata. H xprjon evég vymrod
bandwidth odnyel ot peiwon tov SNR, perdvovtag to képdog
tov SNR oyetikd pe v vmAy Svapn tov mediov. 6

KAINIKEY E@QAPMOTIEX

Kevtpikd vevped odomnpa — KNX

Ta o@érn g payvnukis topoypagias 3T omy aneikévion tov
KNX éyouv kaboprotel apykd. To avinpévo SNR pmopel va
emevOLbel oe pelwon tov ypbévov amdkong, avinpévn ywpikr
avdivon 1 éva ovvdvaopd avtéyv.

I'vopitovpe 6t ta @awvdpeva payvnuxic emdektkdtnrag av-
EGvovtar ota wPmAd payvnukd media. Mmopel va exdniobel
pe Sdgpopoug tpbmovg 6mwg N pelwon tov T2 kar T2* ypdvov
TIPOOAVATOALGHOY, 1] ATIHAELA OYPUATOG KAL 1] YEWHETPIKY] Trapa-
péppwon. Av kat avtd pmopel va mpokaréoetl teyvikd opdipata
payvnukyg emdektkdtnrag, eivar capés TAEOVEKTHA Y TV
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Aolevif¢ pe moddandé ayoayyides ayyeiwpa mpoxaldvrag moAdandd rexvikd
o@dApara payvyrixijs emdexrikdryras oe T2 ora 3T, ta omoia eivar evder-
wrikd 1is vyyAifs evaroOyoiag yia pawvipeva emdexrixdryrag ora 37T,

amekévion mov oyetiGetar pe my emdekukdmra, oneg v T2*
akoAovbieg, yla v avixvevon g pikpoapoppayiag oty ayyet-
axij eykeparonddeta. H Eykeaiuery apoppayla aviyvedetat pe
avénpévn a&iémuotia ota 3T. o kevipkd vevptkd obompa —
KNZ vndpyet yapnAé SNR oe ewdveg dudyvong (DWI) kat oe
ewkoveg didyvong tavvoty (DTI). Avtdg elvar évag meploplopds
yla ) xoptkn dtakprtky ikavétnta kat v avtiBeon, mov popel
va emtevylel yia kaboptopévo ypévo amdrmong dedopévov. Ka-
8¢ ta ovotipata MR ota 3T éyouvv vymAdtepo SNR, pmopodpe
va ypnowomotjoovpe VYmAdtepes Tipég b kat Aemtdtepo mdyog
Topn. AkGpT), TEYVIKEG TIAPAAANANG aTELKGVIONG HTTOPOVY Val peL-

Eyxdgoies ecoves SS-SE-EPI o¢ 1.5T (A-C) xar oe 3T (D-F) DW MR
edveg. Syperdvovear, ueyddo SNR, kar CNR, oz erxdveg 3T. Enioyg, oy-
peidverar ) kadvregy aneikdvion rwv nabodoyidy (1oxapnés fAdpes) orig

eoves 3T (Pédy). 9

hoowvv, Tov xpdvo odpwong, kat Texvikd opdipata ynpukic peta-
témong kat payvnniic emdekukdmrag. Exté amé to KN, n
gpappoyn g Sidyvong xpnotpomoteltal kat yia Tov }apaktnpl-
opd 1 twv eviomopd PAaPav oto frap, to mpootdt, o pactd,
TV 00TAV Kat GAA@V SyKov.

PERFUSION

g KATIOLEG TEPUTTAOELS, GTIWG OF XELPOLPYNUEVO 1 akTivoBoAn-
pévo byko eykepdiov Snprovpyeitar OVAGONG — KOKKLOPATAONG
10166. ‘Otav ypnotpomotobvrar akorovbieg T1 mpooavatohopot
pe evdopAéPia éyxvon vAkdv avtiBeons n meploxy g kakorj-
Belag ald kat tov ovAGSY kokktopatddn wtod, Ba gavel pe evi-
oyvpévo ofjpa. ‘Otav avagepdpaote oug perfusion imaging oty
ovoia epappbbovpe Suvaptk] perén, dnA. amoktodviar TOAAEG
oelpég ewdvov T2* petd and ypriyopn éyyvon vAikdv avtibeong.
2ta 3T ovwibog péoa oe 5” amoktodvrar 30 gopés v (da ako-
AovBia. H mpdym yopls kat ) dAkeg pe éyyxvon vAkav aveiBeong.
Metd petpdpe pe ypagkés mapaotdoelg v ayyetofpibeia tov
LoTAV. XY ypagikij tapdotacy otov dgova y petpdtat v évraon
ov ofjpatog kat otov déova Y efvat o ypévog. ‘Etot petpdpe v
ayyetoPpifeta tov mEpLoydV eVOLAPEPOVTOG PE OLYKEKPLUEVOLG
delteg. Me tovg mapamndve deikteg pmopodpe va Sragopodia-
yvaoovpe évav kahoiiBn dyko amé évav kakorin 1} évav kokklopa-
0N - 0VAWON T ané votpor dykov. Adyw g avnuévig
payvntucis emdextikdmrag 1 perfusion ameikévion eykepdiov
ota 3T, pmopel va peidoet ) ovvohikr| 86om tov oKlaypapikoy
peldvetat oto 1/4 mg kavovikig déomg ovykprukd pe ta 1.5T kat
eEakorovbel va Swatmpel v Siayvootukr] motdmra. 10

AEITOYPTIKH MATNHTIKH TOMOIPA®IA (FMRI)

H Aertovpywr] payvnuxy topoypagpia (EMRI) éyer oapds ogé-
AN and ug vmAdtepeg evtdoelg payvnukoy mediov. Adyo twv
avénpévev gawvopévav payvnukyg emdexukdmrag ota 3T
BOLD (blood oxygen level-dependent) ewdveg, éxovv avénpévo
ofjpa ota vYmAd media. Ot Teyxvordyor Aktvordyor mpémet va
ypnotporooty pkpdtepo ypévo nyovs (TE) ota 3T ané éu ot
yapnAdtepa payviukd media. Avté Ba emtpéyer ™y pefwon tov
yp6évov odpwong kat v duvatdtnta va avénbel o apBpds ena-
vaMjewv.

Right Hand - Vorbasd Flusncy

Ladt Hanl = Warlssl Flisancy

Aerzovgyixij dpagrypidryra eppaviCerar o¢ kivyoy rov deliod xar aprorepoy
drpov oe 1.5T a1 3T. Ot exxdves Seixvovy emmiéoy evegyomoinoy oo péoo
a1 nhdy1o mpoxwvyzid xdpo ara 3T mov dev ifrav avixvevouy oe 1.57T.
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Svyxoion s TOF MRA arov xdxlo rov Willis o 1.5T (A, xavovixsf avi-
Avoy), oe 3T (B, xavovixij avddvoy) xar oe¢ HR 3T (C, vymlijs xwprxijs
Grarprrikijs wcavdryrag). Yiymldreoy aveifeoy peralv ayyeiwv-évavei-ovdy,
onuedtyxe oe 3T oe avyxpion ue 1.5T xaldg xar orig exdves vipnAifs
XWPIKTS S1aKQITIKIfS 1KAVITHTAS.

(a) 2e 1.5T o Adyog orjuarog mpog G6pvfo (SNR) orypy emvepoixij kordiaxij
aoprij eivar 21.0

(b) 2& 3T o Adyos atjuaros mpos Gbpvfo (SNR) oy emveppixij kordiaxij
aoprij efvar 39.2.13

a ]

2yoron peralv 1.5T (A) xar 3.0T (B) o¢ erxoves zov sinazos. YipyAdrego
orjua SNR naparypeirar ova 3.0T eixdva (B).15

Eyxdpoia viymlifs xwpucrfs avilvoys T2-weighted TSE ora 3.0T énov emr-
T0émeL Ty gaglf ameicdviony pikedy Aeppadévay (0elid eicdva félog) wdr
mov Jev anerxoviCerar kabapd oryy exxdva mov anoxziiyxe ora 1.5T (eixdva
oa ap1orepd).8
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Aneixdvion uéyrory éviaoy aijparos (MIP) o¢ erxdves MRA orov idio eéera-
Copevo ova 3T (A) xar ovo 1.5T (B). Yiyyldvepy aviieoy perald ayyeiwy-
Evavri-1otdy, ka1 meproodrepa pixod ayyeia oypeidyxe oe 3T oe avyroioy
pe 1.5T.

MR AITEIOTPA®IA

H MR Ayyeoypagia (MRA) eivar pra and g mo feruopéveg
eyvikés MR ota 3T. ‘Ooov agopd myv amewévion TOF (time
of flight), peyaidtepog ypévos T1 ota 3T éyer wg anotédeopa n
évtaon tov orjpatog péoa ota ayyela, va dwatnpeitar akéun kat
oe mayVtepo mdyog Topns kat oe pukpdtepa ayyela. 7

Abéyo tov mapatetapévos T1 ypdvog yardpwong metvyaivetal
KAAMTEPY) KATAOTOAY TOV OTATIKAV 10TV PE AMOTEAEOHA  pkpd
apudpd ayyeia twv omolwy 1) évraoy eivat kovtd oty mukvéT|Ta
otatkdv totdv (background) Sev amewovifovtar oo 1.5T. 12

KOIAIA

“Exer mapatnpnBel 6t n anewévion og vmAd payvnukd nedia oe
OLVOLAOUS pE TG TIAPAMNAES TEXVIKEG ATIELKOVIONG HELDVEL TOV
¥P6Vo 0dpmong katl Ta TeVikd opdipata kivong pe amotée-
opa v vmAdtepn Totdta ekévag oe ovykplon pe ta yapnAd
payvnukd media. H ympud kataotodr] tov Afmroug popel va fer-
rotomomfel Adyo g Sapopds g HETATTWTIKYG oLYVETTAG
petal twv mpetoviev Tov AfTovg kat tov vepod 1 omola eival
dimAdota ota 3.0T ané éu ota 1.5T. Ze ovvdvaopé pe v ka-
vémta yia aténon mg avdivong 1 pelwon tov ypévov adpunomg,
N MT ota vymAd payvnukd medla efvar avdrepn omv amnewd-
VLO1] TOV TIATOG, TOL TAYKPEATOG, TV VEQPPGOV, TNG UYTPAG, TOV
mpootdty, Tov emveppdiov kat ¢ MRCP. Emniong moAamiés
duvapikés @doeis (apmpaky], moraia, AePiky, kabvotepnuévn)
KAl KaTaoTtoAr] Tov AfTioug propodv va emrtevyBodv oto fmap, to
TIAYKPEAG, T VEPPA, TOV TPOOTATY KATL. PE KAASTEPT) XPOVIKY Kat

YWPIKH AVAALOT).

Kalvregy xaraorodij Aimovg yia mepioxés xwpis peydles avopooyéveses
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Srepaviaicg eixdves mpayparixod xpdvov (real time) mov amoxziifyxav ora
1.5T xar 3.0T. Iaparyeiifyie vipyidrepo SNR xar fedviwoy ty¢ noidryras
¢ erxdvag ora 3.07T.

H ®PAXMATOXZKOIIIA XTHN AITEIKONIZH
MAI'NHTIKOY ZYNTONIZMOY (MRSI)

H ympxy petatémon dimhaotdfetar katd myv petakivion ané ta
1.5T ota 3T kat ovpPdrer o Pertioon g Qaspatikyc avdiv-
ong. Avtd prmopel va emrtpéfer Ty kabnuepwi| alloddynon twv
peTaBoArtdv kdt Tov dev elvar egiktd ota 1.5T.16 Madi pe v
adénon tov SNR ota 3.0T avédverat to e6pog Khvikdv epappo-
YOV paopatookoriag (map, mpootdt, paotd, 0otd K.a.).

XHMIKH METATOIIIZH

2ta 3.0T n ovyvémra petdntwong avdpeoa oto ATog kat oto
vepd SimhaotdGetal epimov katd 450Hz pe anotédeopa my and-
ktnon akpipéotepov petpioemv oe akorovbies avtiBeon pdong
(opposed-phase) kat (diag gdong (in-phase). Ot akorovBieg avri-
Betng pdong kat idrag @domng, emniong epappdioviar oty omov-
dvhuer] oA (omovOuAitdeg kat petaotdoelg) kat oto Amddeg
rmap.

KAPAIA

H dpaotr] fertimon tov CNR pmopel va amodobel oto yeyovig
ot éva pkpdepo ypévo emavdinymg (TR) ypnotpomoriBnke ota
3.0T kau ot ypbvot xardpwong elvar peyadtepot, pe amotéAeopa
TOV PEYaASTEPO KOPEOPS Tov pvokapdiov katd v didpkela g
ovveydpevng amekéviong. To petwpévo pvokapdakd orjpa o€
ovvdLaops pe o VYPMAS onjpa tov afpatog dnpovpyel e€atpetiky
avtiBeon petaly afpatog kar pookapdiov.18

MYOZXZKEAETIKO XY>XTHMA

To avénpévo SNR pmopei va emevovbel oe avEnpévn yopky dia-
Kkprutkr] tkavéta. AkGpn o kopeopds Altroug efval kadtepog yla
mepLoyés ywpic peydhes avopotoyéveleg didtt vidpyet Sumhf pe-
TATTOTKY oLXVETNTA PETAED TOV TPWTOVIOY TOL AITIOVG KAl TOV
mpwtovinv tov vepol. To péAdov oty payvnuki topoypagia
aviiker ota vmAd payvnukd media. [a tg kAvikég epappoyég
TIoV Tpoava@épayie, afyovpa Tponyeitat g ametkdvions ota ya-
HNAG payvnukd edia aAld kat n payviyky topoypagpia ota 1.5T
votepel edytota otig faotkég(poutivag) KAVIKES EQapROYEG.

Axuvortexvoloyia

To avéypuévo SNR ora 3T unopei va enevovlei oe peiwoy rov xpdvov e&éra-

ons, pe avéyuévy xwij avidvoy. Xoyoomnoiovvrar noddanid ovoroixa
myvia empaveias (multiple surface array coil) xar rexvixés I1A yia xaldrego
otjua mpos G6pvPo (SNR) xar vipylij xweikij Sraxerrixij ixavéryra. Me pia
tfdtﬂj TKIAYOAPIKOY YETOV, UTIOPOVUE VA TAPDTOVUE THY Kol/lmmj aoprij, Tig
VEQOIKES apTnples, Tig Aaydvies aprypies, Tisc unoraies agryoies, péxor rig me-
QIPEQIKES apTyoies KdTw drpwy Kar pe pia kaBvoreoyuévy odpway pmogovue
va éxovpe xar plefoyoagpia. 14
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gaoparookonia oe aolevij pe modvuoppo yrowpliorwna fabuod 1V ora
1.5T (apiovepij mhevod) xar ora 3T (Jelid nhevod). To voxel A mooépxerar
and mepoxif Tov eykepddov y omoia enpaviCer vipyldrepy xodivy (Cho) xa
xapyAdrego NAA (napht hale acetic acid), evd 7o voxel B etvar and gvoiodo-
yurcif meproxyj. Ta gpdopara ova 3.0T eupaviCovy viyyAdé SNR ora voxel dykav

ka1 ora Quo1odoyikd voxel.
1.5T ar

1.5T ar

2vyxpton rov SNR o¢ exdves real time 1.5T xar 3T. A: maparypdyxe fel-
tiwoy oro SNR «ard 57%. B: ro CNR peral rov aiparog xar rov pvoxap-
Stov fedridyre 249%.

Srepaviaia T1 eixdva SE perd wyy xopijynay yadodwiov ora 1.5T (apiore-
o0d) o¢ ovyKpLon pe ercdva xwols yxvay yadolwiov GimAifs yxd emdvag ora
3.0T (6e&id). H p1jéy rov emixeiliov x6vdpov eupavierar xar orig 6vo e1xd-
veg aldd ora 3.0T xwpis tyy xptjoy yadodwiov. 15

(A). Eixdva T2 moooavarodionov pe xazaorodij Ainovs xar (B) eixdva T1
mpooavarodiopoy SE. AnerxoviCerar o7y zov Toiywvov xévdpov xkar aris Svo

erxdveg. 14

20
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Eyxdgaieg (A) IP xar (B) OP MR erxdves mov anerxoviCovy pia emvepoidia
pdGa ora eéid. H pda oryy eixdva B mapovoidCer xauyAdrepy wipsj éviaoyg
otfparog (256) and dr1 y pda aryy exxdva A (315). H rpsf éveaoys orfjparos
tfray 18.9%. H Oeriicsf vasf wov Seixey tis éviaoys orjparos vmodervier pia
andlewa yua tyy Eveaoys offuarog oryy e1cdva B y omoia O ymopovoe va éxer
mpoxAylei and evéoxvrrapixd Aimidia yéoa ova emveppidia ( maboloyia), if
and andofeoy T2%17

without SENSE

with SENSE-R=2

(a) Zrepaviaia MRI eixdva xwotc SENSE, xar (b) pe SENSE. Extdg and
70 0elid orepaviaia aprypia (RCA),  amewxoviCerar évag apifuds pxody
xAdowv Twv ayyeiov (Bédy). RV de&d roidia (vight ventricle), LV apioreprf

xotdia (left ventricle), Ao aviovoa aoprif. Me 11g texvixés asset éxovpe axduy
Kalvrepy aneikdvioy.

Eyxdpoa eixdva pe xaraoroldsj Ainovg deixver mpdfAyua oro xévdpo 7y emi-
yovaridug. ye FOV 12 xar pijroa 512.14
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Artefacts at high-field-MRI

in neuroimaging studies:
how to identify and resolve them.

Sofia Brandao Radiographer

My name is Sofia Brandao, and I am a Portuguese radiographer working for fourteen years on the MR Unit at
Hospital de Sao Joao/Faculty of Medicine, in Oporto. I finished my Bachelor Degree on 1998, and on 2008 I started
my Masters degree on Medical Informatics, with a work focusing different segmentation techniques applied to the deep
grey matter nuclei. ’'m now a PhD student on Biomedical Engineering starting my work on pelvic floor DTI and its
impact on increased morphologycal and biomechanical knowledge of the pelvic floor muscles and fascia.

I have participated on several research projects developed with the partnership of the Radiology Unit of my hospital,
including fMRI, breast Diffusion-weighted Imaging, and pelvic imaging studies. I am the radiographer involved on
the Doctoral Research Projects and Clinical trials on the MR Unit. I am an invited teacher at CESPU for seven years,
teaching the MRI curricular unit to the Radiology Graduation Programme. Also, I teach subjects related to imaging
to several other Health Science Courses. I was recently invited to participate in the Radiographers Postgraduate
Educational Programme at the ECR 2012.

' ' " In 2002, US Food and Drug Administration (FDA) approved

some 3 Tesla (T) scanners for whole body MRI in clinical practice.
- While as early as the last decade 3T scanners were considered
ultra-high-field, today this field strength is considered as high
field for clinical applications, and medium field for research. FDA
guidelines now consider magnetic field strength exposure limits of
4T for neonates after 1-month-old and 8T for all the above-aged
people /1,2/.
As high-field-MRI continues to gain wider acceptance in the
general clinical community, education about artefacts becomes
increasingly important. Why certain image artefacts are more
prominent at 3T or higher can be best understood in the
context of the scaling relationships that describe how signal-to-
noise ratio (SNR), chemical shift, susceptibility variation, static
magnetic field (B0) and RF (Bl)-induced inhomogeneities,
specific absorption rate (SAR) and RF wavelength vary as field
strength increases /3/. Being aware of such events is important,
as sometimes with appropriate changes the artefact level can be
minimized or eliminated, contributing to a great improvement on
image diagnostic accuracy. Also, tissue specificities can influence
image contrast and interpretation. One must consider intrinsic
differences in relaxation times that require optimization of
imaging parameters or the use of different pulse sequences. Finally,
hardware issues like parallel imaging or multi RF transmission coils
are available to increase scanning efficiency and to compensate for
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Fig. la

magnetic susceptibility or patient-induced Bl inhomogeneities
with good results /4/.

This article will review the artefacts that are especially problematic
at high-field-strength neuroimaging studies, as well as methods
that can reduce or eliminate them.

Several difficulties may be encountered on brain and spine imaging.
Changes in T1 and T2 relaxation times and their relation to tissue
contrast, inhomogeneous RF distribution, SAR, susceptibility
effects, Cerebrospinal Fluid (CSF) flow artefacts, chemical shift
and Gibbs are problems that should be addressed not only when
optimizing the protocols, but also on the daily
practice.

The change in T2 but especially T1 relaxation
times has profound implications on image
contrast. T1 of CSF is essentially the same
as 1.5T value (approximately 4.2 sec), which
makes it more intense on 3T compared to brain
parenchyma if we simply translate echo and
repetition times (TE and TR) from lower field
strength protocols. Also, at high-field-strength,
the T1 relaxation time of white matter (WM)
increases more that of grey matter (GM),
which causes the relaxation rates of GM and
WM to converge, lowering GM-WM tissue
contrast (Fig.1a) /1,5,6/. Additionally, there
is evidence of increased inhomogeneous RF

Fig. 3(a-b)

distribution induced by a variety of conductive

and dielectric effects in the tissue, which are related to magnetic
field distortions secondary to the subject’s body within the gantry
17,8/, especially when volume coils are used. These effects are
exacerbated at high-field-strength /9/, and typically appear as non-
uniformity or as an artefactual brightness in the centre of brain
images and as peripheral areas of shading or signal dropout /10/,
as can be seen on Fig.1b, where the same image is shown with a
narrow window. Also, shielding effects induced by eddy currents
&y also prevent central parts of the image from being properly
excited /5/. Constructive RF interference and wavelength effects
are likely to contribute more to central brightening in MR images
of weakly conductive biological samples than is true dielectric
resonance /11/. In the spinal evaluation, these RF issues are not
that evident.

Axuvortexvolroyla

Fig. 2

The use of water dielectric pads around the head is a way to
ameliorate image signal intensity distribution /12/. But when
these devices are not available, optimising sequence parameters
for T1-w spin-echo / fast spin-echo (SE/FSE)-based imaging such
as decreasing the excitation flip angle (f.a.) or increasing TR to
700-900 msec can be easily performed to improve tissue contrast
(Fig.2).
Another existing option is the use of different pulse sequences like
T1-w GRE or inversion pulse-based sequences such as T1-w FSE
FLAIR, T1-w FSE IR or T1-w 3D Magnetization Prepared RApid
Gradient Echo (MPRAGE) for brain imaging,
which allow better GM-WM contrast, and
improve visualisation of the deep grey matter
nuclei, as can be seen on Fig.3(a-d). For spinal
imaging, T1-w FSE FLAIR is a very suitable
alternative for T1-w imaging, as it decreases the
signal from the CSF when compared to T1-w
SE/FSE Fig.3(e-f).
These optional FLAIR and 3D MPRAGE T1-w
pulse sequences have shown good brain lesion
conspicuity after gadolinium administration,
and can thereby be used beyond GM-WM tissue
characterisation /13-15/. T1-w FSE IR pulse
sequences may not achieve the same accuracy
for post-gadolinium imaging, because the tissue
with the shortest T1 relaxation time does not
necessarily exhibit the brightest signal intensity,
depending on the overall lesion tissue T1 relaxation time /5,15/.
At higher magnetic field intensity, the inherent robustness of T2-w
SE/FSE sequences against field inhomogeneities and susceptibility
artefacts when compared to T2-w GRE is very desirable. However,
ESE technique implies higher RF pulses energy and increased SAR,
soon exceeded by the use of multiple refocusing pulses with a 180°
f.a.. An overall reduction of this (constant) refocusing f.a. reduces
SAR but also slightly reduces SNR. The generic hyperecho scheme
(hyperESE) is a possible solution to this problem because it allows
a considerable reduction of SAR. The use of variable refocusing f.a.
allows the use of high amplitude f.a. to produce a high signal for the
encoding of the central k-space, while lower f.a. are applied for the
acquisition of outer parts of the k-space. Asymmetric hyperechoes
(smooth transitions between pseudo-steady states) are the most
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Fig. 3(e-f)

flexible hyperecho approach, which enables f.a. to be varied freely
during the acquisition for an optimized signal-intensity behavior
/16/. The use of lower refocusing fa. implies to some extent
reduced contrast on T1-w and T2-w images when compared to
standard FSE pulse sequences with constant 180° refocusing f.a. at
a given TE (Fig.4), and this is the reason why this technique is less
applied to T1-w FSE pulse sequences. But for T2-w sequences, it
has been shown that a prolongation of TE can compensate for this
reduced T2 contrast in hyperFSE, making them highly suitable for
low SAR imaging /17-19/.

In what relates T2-w spine imaging, this has always been a very
sensitive issue, since cervical and thoracic spine CSF and motion
flow artefacts often hampers the images. The use of shorter TRs is
a very common solution for motion artefacts, but it decreases CSF
signal intensity. Three-dimensional FSE T2-w acquisitions can
serve as an alternative approach, but their short TR may present
the same drawback of loss of myelographic effect. TR can be
increased but acquisition time would be too long. Also, the use of
increased Echo Train Length (ETL) for 3D imaging amplifies the
inherent blurring of FSE related to T2-decay-induced modulation
of amplitude of echoes within the k-space. Driven to equilibrium
technique uses a 90° RF restoration pulse (DRIVE pulse) at the
instant of the final SE to flip the residual transverse magnetization
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into the longitudinal direction. This primarily enhances the signal
intensity of tissues with long relaxation times like CSF when
compared to conventional T2-w FSE, as this results in a significant
increase of longitudinal magnetization /20,21/. Also, Sampling
Perfection with Application optimized Contrasts using different
flip angle Evolution (3D-SPACE) sequence enables one to maintain
high CSF/GM/WM/fat contrast. This modication of FSE involves
applying variable f.a. refocusing pulses; the nonselective RF pulse
permits ultra-short echo spacing and the variable f.a. results in a
pseudo steady-state with maintained tissue contrast as well as a
reduction of blurring associated with high ETL. Additionally, it
decreases SAR as a consequence of the application of lower f.a.
refocusing pulses. This technique allows very good morphological
analysis, but lesion depiction may be affected by lower intra-spinal
cord tissue contrast (Fig.5) /21,22/.

Diffusion-weighted imaging (DWI) is a usual technique in
neuroimaging studies, whether for stroke evaluation, or neoplastic
and infectious lesions characterization. DWI uses Echo-Planar
Imaging (EPI) technique, which is very prone to susceptibility effects
that lead to geometric distortions related to bone/air interfaces or
blood products /23/, which are exacerbated at high-field-strength
MRI. These can be easily reduced by decreasing the echo spacing
of the readout train (e.g. increasing the receiver bandwidth) or
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Fig. 7

by applying parallel imaging to reduce the echo-train length /3/.
Parallel imaging methods, such as SENSitivity Encoding (SENSE)
and Generalized Autocalibrating Parallel Acquisitions (GRAPPA),
can improve image quality in EPI by shortening the echo train
length, and has proved to reduce such inhomogeneity artefacts
[24/, despite a slight SNR decrease due to less phase
encoding steps (Fig.6). Moreover, SE/FSE-based EPI
sequences are less prone to susceptibility-induced
artefacts than GRE-EPI. Multi-shot-EPI may be
preferred to reduce both geometric distortion and
blurring effects /25,26/. Geometric distortions and
poor image resolution are well known shortcomings
of single-shot EPI imaging (SS-EPI). Yet, due to its
resistance to motion artefacts, SS-EPI remains the
most common sequence for DWI. The use of non-
Cartesian k-space filling trajectories like BLADE /
PROPELLER has also proved to be advantageous in
artefact reduction /27/.

Susceptibility artefacts are common when imaging
post-operative spine (Fig.7), and the resultant image
distortion usually hampers image interpretation.
Increasing receiver bandwidth diminishes these
artefacts, but it also decreases SNR, which can be Fig. 9(c-d)
compensated by increasing the number of averages.

But susceptibility effects are not always related to metallic implants.
They are also a source of concern in transition zones of tissues with
strongly varying susceptibilities. This susceptibility-induced shift
of resonance frequencies can compromise the success of frequency-
selective fat saturation, particularly in tissues close to fat-water or
air-tissue interfaces (Fig.8a). Spectral Adiabatic Inversion Recovery
(SPAIR) technique is an alternative to achieve homogeneous fat
suppression at high-field- strength (Fig.8b). It uses a spectrally
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Fig. 9(a-b)

selective adiabatic inversion pulse to invert the fat spins in the
imaging volume and a large spoiler in order to destroy any residual
transverse magnetization. The Dixon technique is another effective
method for improved T1- or T2-w fat suppression when imaging
large areas or to perform 3D T1-w dynamic sequences, as it is very
resistant to both BO- and Bl-related inhomogeneities
[28,29].

Chemical shift artefacts also get more prominent at
higher field strengths and lesser at higher gradient
strengths. The chemical shift artefact is commonly
noticed in the spine at the vertebral body endplates,
in the orbits, or in the sinuses. In the frequency
direction, the MRI scanner uses the frequency of
the signal to indicate spatial position. Since water in
tissues resonate at a different frequency than in fat, the
scanner mistakes the frequency difference as a spatial
(positional) difference. As a result, in the spine, this
causes one end plate to appear thicker than the opposite
one. Repeating the pulse sequence switching readout
and phase encoding directions may be an alternative,
but the best way to eliminate this artefact is to use a
fat suppression technique, which is not appropriate in
every case. Figure 9(a,b) shows two T1-w FSE sagittal
images of the cervical spine, where chemical shift
artefact between vertebral body and disk was reduced by doubling
the receiver bandwidth. Fat-water shift decreased from 1.7Px in (a)
to 0.5Px in (b) [30,31]. Figure 9(c,d) shows two T2-w FSE coronal
brain and sinuses images, and chemical shift artefact can be seen on
the interface between the orbits and the fat and on the maxillary
sinus. The same option of doubling the receiver bandwidth was
used, with good results. Using fat suppression techniques can also
ameliorate image quality.

Another artefact that is enhanced at high-field MRI is the Gibbs
ringing or truncation, which appears as bright or dark lines that are
seen parallel and adjacent to borders of abrupt intensity change, as
when going from bright CSF to dark spinal cord on T2-w images
(Fig.10a), simulating small syrinx to the unaware. It is also seen
in other locations as at the brain/calvarium interface, as seen on
Fig.10b, where a thin hyperintense rim on axial T1-w image can
mimic can hemorrhage. It can also be seen on T2-w FLAIR and
T2-w FSE (Fig.10d and Fig.10f). This artefact is related to the
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Fig. 10a

finite number of encoding steps used by the Fourier transform to
reconstruct an image; the more encoding steps, the less intense
and narrower the artefacts. Gibbs ringing can be reduced either
by increasing the receiver bandwidth (Fig.10¢), including sat
supression techniques as performed on Fig.10e, by increasing
the spatial resolution Fig.10g, or by
applying reconstruction filters such as
the Hanning filter to smoothly reduce
the signal at the edges of k-space [3,25].
Pulsatile flow artefacts are also more
problematic at high-field-strengths for
two main reasons. First, the increased
SNR translates into increased artefact-
to-noise ratio. That is, a ghost artefact
that might be buried in the noise could
be more easily visible [32,33]. A second
reason is that increased susceptibility
variation aggravates pulsatile flow
artefacts. CSF flow is a frequent image
finding, mostly in hyperdynamic CSF
flow conditions like normal pressure
hydrocephalus or in young subjects,
and should be distinguished from
CSF flow artefacts, which appear
frequently on T2-w FSE and FLAIR
images, in the ventricles or in the
cisterns (Fig.11), due to increased
signal and spatial misregistration.
Cardiac gating, flow compensation
techniques or radial k-space sampling
(BLADE/PROPELLER) can be used
to diminish patient motion or CSF
flow hyperintensities [33]. Simple
actions like decreasing echo spacing, as
shown on Fig.12b, can eliminate this
frequent artefact. Changing from 2D
to 3D FLAIR acquisitions may also Fig 12
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Fig 10(b-g)

solve these issues, although with longer acquisition time [34].

In conclusion, with the growing interest in high-field MRI,
the radiographer may have to deal with more artefacts and
pitfalls. Operating at high-field-strength implies an increase
in T1 relaxation times and RF absorption, larger chemical shift
and  stronger  susceptibility-induced
distortion, which lead to signal changes
that need to be considered. Also, limits
for RF Specific Absorption Rate may
require the choice of the most appropriate
pulse sequence, and the corresponding
RF flip angle. Sometimes implementing
simple changes to counteract an increase
in image artefacts like shortening the
TE, increasing the receiver bandwidth
and spatial resolution, or performing
parallel imaging results in much better
image quality. Radiographers have the
knowledge and skills to correct artefacts
arising in the MRI setting. Managing
all these parameters and options allows
the radiographer to actively participate
in pulse sequence optimization and to
suggest useful alternatives in order to
increase diagnostic accuracy.

Currently, 7T MRI scanners are used
only for research purposes. Issues like
static and RF field exposure, as well as
pulse sequence optimization, improved
coil design for faster scanning times and
increased artefacts are being addressed
in order to bring ultra-high-field MRI
scanners into the clinical environment.
Soon radiographers will have to learn
more about specificities of ultra-high-
field MRI, and the ways to overcome its
demands.
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MRS: Ingredients and recipes.

Else Rubek Danielsen, Ph.D. - Department of Radiology, Blegdamsvej 9, X-3023, Rigshospitalet
University Hospital of Copenhagen, Copenhagen, Denmark

Magnetic Resonance Spectroscopy (MRS) on modern MR scanners has become a fully automated
technique. Experience has shown that MRS can provide solid answers that impact patient
management and are sufficiently reliable to prompt continued requests for MRS. It is not a difficult
technique, but MRS becomes easier with knowledge of a few practical tricks and standardized
procedures. The manuscript reflects the current availability of automatic MRS procedures by being
less focused on manual adjustments of: magnetic field homogeneity, frequency, water suppression
or receiver gain. The focus of the manuscript is on practical topics illustrated with clinical cases:
Issues to address before patients even come near the MR scanner; information collection and issues
to deal with before starting the patient scan; MRS procedures and potential problems during the
scan; and finally storage, post-processing, and reading MRS. The topic is limited to automatic proton
MRS of the human brain acquired at 1.5 or 3 Tesla. The focus is clinical relevance and practical
recommendations. The text reflects experience from the implementation of MRS in a tertiary hospital
setting, and it addresses questions, new MRS users often have asked. Basic knowledge about magnetic
resonance imaging (MRI) is assumed.

INTRODUCTION AND QUICK

MRS BACKGROUND INFORMATION

A rainbow is seen when the sun shines on water droplets causing
a spectrum of light frequencies to appear. Similarly Magnetic
Resonance Spectroscopy (MRS) displays different radio wave
frequencies and their intensities. Most of the MR signal from the
human body originates from water and fat, but when brain water
signals are suppressed, it becomes possible to see signals from other
molecules. Typically, the concentrations of such other molecules
or metabolites are less than 10 mM in the human brain, and the
detection limit in vivo is around %2 mM. A MR spectrum as the
standard white matter (WM) spectrum shown (Fig 1) basically is
a curve of signal intensity as a function of frequency. The position
of a peak along the frequency axis provides information of which
metabolite the peak arises from, and the amplitude of the peak
relate to metabolite concentration.

Aspectrum revealsinformation about the chemistry because different
molecular proton groups experience different magnetic fields and
by proportionality, frequencies depending on their position in the
molecule. Each molecule has its own recognizable pattern of peaks.
In MRS terms the peaks are referred to as resonances. Resonance is
a more general term than peak, as resonance can describe a complex
of more peaks originating from one group of protons.

It is impractical to use frequency to describe spectral resonances,
because frequency is proportional to the static magnetic field.

Instead the term chemical shift is used. It expresses the frequency
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Fig I Brain MRS from a healthy volunteer.

shift between the resonance frequency and a chosen reference
frequency measured in parts per million (ppm). The advantage
of chemical shift over frequency is validity of metabolites table of
chemical shifts independent of the static magnetic field. Chemists
have defined 0 ppm to be the chemical shift of tetramethylsilane.
The chemical shift of water is 4.7 ppm, although the exact value
is slightly temperature dependent, which sometimes becomes an
issue when comparing room temperature phantom spectra with
body temperature in vivo spectra. Most of the interesting brain
metabolites are found in between these two values, 0 and 4.7 ppm.
Furthers detail about basics of in vivo nuclear magnetic resonance
spectroscopy may be found in.1-5

Clinically relevant brain metabolites measured by proton MRS
are briefly described (Table 1). Further details about singlet
resonances, weakly and strongly coupled resonances, significance
of metabolites in vivo and spectral details of further metabolites
may be found in.1-8 The five most important metabolites detected
in a healthy brain are N-acetylaspartate (NAA), total creatine (Cr)
consisting of phosphocreatine and creatine, total choline (Cho)
consisting mainly of phosphocholine and glycerophosphocholine,

Single VOI spectrum

Volume selection

Axuvotexvoroyla

myo-Inositol (ml) and glutamate+glutamine (Glx). The two
components of Glx partially overlap leading to the merging of
the two in daily MRS language. At 3 T or in certain diseases with
increased Glx separation of the two becomes possible.

MR spectra are sampled from a single volume of interest (VOI)
or from multiple VOIs sampled simultaneously. The basic idea of
MRS localization1-5 is illustrated (Fig. 2). The most popular single
VOI methods are stimulated echo acquisition mode (STEAM) and
Point RESolved spectroscopy (PRESS). The most popular multiple
VOI method is PRESS selected Chemical shift imaging (CSI) also
sometimes referred to as magnetic resonance spectroscopic imaging
(MRSI).

The main advantages of single VOI MRS are: Shorter time to reach
a result, better definition of the VOI, and focused optimization
of measurement conditions for the small selected VOI. The main
advantages of CSI are: Simultaneous acquisition supplementing
the chemical information with regional information, better use of
time when multiple spectra are needed, and the possibility to shift
the spectral grid after the examination. The post examination grid
shifting makes localization less demanding on the person operating
the scanner. Current gradient systems meet the larger demands of
PRESS selection, producing artifact free spectra even at short echo
time. Most current 1.5 T and 3 T users prefer PRESS methods,
because they give better signal to noise (S/N) compared to STEAM.
Shimming, making the magnetic field as homogeneous as possible
in the VOI, is of monumental importance in MRS. When the
shim is poor the peaks are small and broad, but when the shim is
improved the peaks become tall and narrow. A good shim is a pre-
requisite to good resolution, S/N, and water suppression leading to
improved metabolite detection.

In Magnetic Resonance Imaging (MRI) echo time (TE) affects
the signal intensities of water and fat signals, long TEs give T2
weighted images. In MRS the effects are the same, but concern
metabolite resonances rather than water and fat signals. Short TE
spectra show most metabolites because their resonances have not
decayed at the time of acquisition. Long TE spectra are more T2
weighted displaying only metabolites as Cho, Cr and NAA with
long T2 values. Their decays are simple exponential decays. In
MRS simple exponential T2 relaxation is not the only explanation,
why signals decay, when TE is increased, coupled resonances like
lactate have other behaviours (Fig. 3).

The effect of the repetition time (TR) in MRS is very much like in

Multiple volume selection, CS! or MRSI

2D phase encoding

Fig 2 MRS localization
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MR imaging. Shorter TR in MRS terms means saturation and T1
weighting of the metabolite signals, but the effect on the spectral
appearance is not spectacular, because the metabolite T1 values are
fairly similar.

ISSUES TO ADDRESS BEFORE PATIENTS

EVEN COME NEAR THE MR SCANNER:

It is imperative to test MRS methods on phantoms and on
healthy volunteers before initiating any real patient scans. Verify
that the magnetic field homogeneity and S/N is acceptable, that
acquired spectra are artifact free, and that human control data yield
acceptable variance (Table 2).

Inspect a short echo time spectrum from a phantom containing
metabolites that have resonances close to water, close to each other
and has a doublet resonance like lactate has. A simple phantom
could contain a buffered solution of acetate and lactate. A more
complex phantom could contain a buffered solution of Cr, NAA,
Cho, Glutamate and lactate. Some manufacturers provide quality
control phantoms with their MRS packages. Perform phantom
control scans and verify that the spectra have nice baselines between
0 and at least 4.1 ppm. Verify that the doublet of lactate at 1.33
ppm is split all the way down to the baseline. Verify that the quartet
of lactate at 4.11 ppm has the correct shape, minor artifact this close
to water may be allowed, but major artifacts indicate, that scanner
performance can be improved. Check that the two resonances of Cr
at 3.03 ppm and at 3.9 ppm have amplitudes that approximately
reflect the number of protons by relating to each other as three
to two. Check the full width at half maximum (FWHM) of a
singlet resonance as Cr or acetate, 1-3 Hz in phantoms should be
obtainable. Likewise a human spectrum can be inspected to check
the spectral quality, (Fig. 4), FWHM of singlet resonances in
human brain as small as 3-5 Hz are feasible. Kreis9 provides more
details about MRS quality and artifacts.

When MRS has been tested on phantoms and a few volunteers,
the next steps are to choose a set of methods and acquire normal
data. Human control data are needed to get a feel for how variable
results may be. Quantitative MRS protocols require control data
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for each pulse sequence parameter combination and for each VOI
shape, size and location. Clinical spectra can only be thoroughly
interpreted, when the normal range (mean-2SD and mean+2SD) is
known for each combination.

The pulse sequence choices as TE influence the spectral appearance
especially of coupled resonances and consequently affect
quantitation.

The standard VOIs mid-occipital grey matter (GM) and occipito-
parietal white matter (WM) suggested (Fig. 5) are used in the
author’s hospital, alternative VOIs are just as valid, but consistent
VOI choices are required. Spectra from grey and white matter
tissues and from different locations in the brain differ. A 8-15 ml
VOI never contains pure white matter or pure grey matter. But if
a VOI of a fixes size, shape and location is chosen used, there is a
good chance of good reproducibility of the fractions of different
tissue types within the VOI, leading to good reproducibility of
spectral appearance and quantitative measures.

Healthy volunteer standard GM
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o
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Fig 4. Basic MRS quality checkpoints
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Metabolite (common abbreviation)

Visible in normal brain

Chemical shift/ppm Resonance type

N-acetylaspartate (NAA)
Putative neuronal marker

2.02 singlet
2.3-28  complex

Glutamine+Glutamate (Glx; Glu and Gin)
Amino acid and neurotransmitter
(8.75 ppm: Gin triplet, Glu doublet of doublets)

2.05-2.5 complex
3.75 multiplet

Total Creatine (Cr)

3.03 singlet

Increased in hyperglycinemia, overlaps with ml, use long TE to differentiate

Marker of intact brain energy metabolism 3.9 singlet
Total Choline (Cho) 390 singlet
Marker of altered membrane turnover: tumor, demylination or axonal injury (additional small ' 9
resonances at 4.05 ppm)

Myo-Inositol (ml)

Astrocyte marker, gliosis, and organic osmolytes 3.56 complex
(1.5 T: Apparent singlet at 3.56 ppm; 3T: Multiple peaks 3.2-3.7 ppm, tallest at 3.55 ppm; 4.05 triplet
4.05 ppm in vivo at best looks like a single peak)

Scyllo-Inositol (sl) . 336 singlet
Isomer of myo-inositol

Gamma-Aminobutyric acid (GABA) 1.89 complex
Neurotransmitter. Elevated after vigabatrin treatment. Barely visible in normal brain by visual 2.28 triplet
inspection of spectrum. The triplets are hidden under other resonances. 3.01 triplet
Disease related

Glucose (Glc) 3.43 complex
Visible after glucose infusion or in patients with elevated blood sugar 3.8 complex
Glycine (Gly) 3.55 singlet

Lactate (Lac)

1.33 doublet

Seen in abscesses, meningiomas or dying tissue

Anaerobe metabolism, mitochondrial damage, acceleration of glycolysis as in tumours 4.11 quartet
Succinate 2.4 singlet
Seen in abscesses or inborn errors of metabolism ’ 9
Acetate 1.9 singlet
Seen in abscesses or dying tissue ' 9
Alanine 1.48 doublet

Lipid and macromolecules
Extra cerebral: artifacts.
Intra cerebral: Necrosis, demyelination, falx lipoma

0.8-1.4 complex

Produced due to diet

Part of the vehicle for drugs like barbiturates

b-hydroxybutyrate 1.21 doublet
Ketogenic diet or ketoacidosis

acetone .
Ketogenic diet or ketoacidosis 222 singlet
aceto-acetate 2.29 singlet
Ketogenic diet or ketoacidosis 3.43 singlet
Xenobiotics (ingested or given by injection)

Propylene glycol (PG) 1.14 doublet

3.4-4.0 complex

Drug that acts as a vasodilator, it is used mainly to reduce pressure in the cranium

Ethanol 1.16 singlet
Alcohol consumption 3.68 quartet
Mannitol 3.78 complex

Methylsulfonylmethane (MSM)
Dietary supplement, thus it may be seen in healthy subjects

3.15 singlet

Table 1 Human brain metabolites detected by proton MRS
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Fig. 5 How to select the location of the GM and WM VOIs

Apart from VOI and TE various parameter may be chosen. The
manufacturer often suggests a default value for these, it may be
a good choice for the specific scanner and most likely it has been
carefully tested. These include:

* Whether or not to sample non-water suppressed spectra for eddy
current correction.10 Some manufacturers built this into their
automated sampling protocols.

* The number of averages (NAV) of the time domain signals. It
should be sufficiently large to get good signal to noise (S/N). But
S/N is proportional to the square root of NAV, so increasing
NAV is not always a practical way to get good S/N, it is important
to have enough signal. Good field homogeneity and sufficiently
large VOIs are clues to sufficient signal. The following thought
experiment illustrates how important VOI size is: Let say NAV=64
is considered adequate to get good S/N from a 20x20x20 mm3
VOI, and one chooses to shrink the VOI to 10x10x10 mm3, 8
times smaller, then one would need NAV= 4096 (8x8x64) to get
the same S/N from the smaller VOI. With TR=1500ms choosing
such a smaller VOI would require an increase of the total
acquisition time from 1%2 minute to 1 3/4 hours. - Patients unless
sedated will never stay motionless for such a long time leading to
invalidation of the assumptions for the thought experiment.

* Repetition time (TR). The optimal TR to get the best S/N given a
fixed total measurement time depends the T'1 of the metabolites.2
In adults 1500ms is a good choice in neonates 3000 ms is. When
LCModel11 is used for post-processing of the data, it is however

Karokaipr 2012

recommended to use at least TR=3000ms, because T1 behaviour
of the first and second Cr resonance differ between human and
model spectra. The full model spectrum of Cr can only be used
reliably with a sufficiently long TR.

* The number of pre-scans also called dummy-scans, because their
signals are not stored. Pre-scans serve to achieve an equilibrium
state before averaging starts. A typical choice is four dummy-
scans.

* Water suppression schemes. A typical choice is to excite water
with chemical shift selective radio frequency pulses and remove
the signal with crusher gradients.1 Details about various modified
version are reviewed by Drost et al.3

INFORMATION COLLECTION AND ISSUES TO DEAL
WITH BEFORE STARTING THE PATIENT SCAN:
Thorough preparation of patient and involved professionals is
important to any MR examination, but a few extra steps are needed
for MRS. Headlines for these are: Prior MRS; indication for MRS;
clinical history; patient instructions; and if applicable requests to
the anaesthesiology team. If the patient has been scanned earlier,
old location images are of major importance. Exact repositioning
of the VOI, can improve reproducibility of the examinations
tremendously, enabling good long term monitoring of disease
progression in both focal and non-focal disease. The most exact
repositioning is achieved by keeping a strict protocol, also for how
the pre-MRS localizer images are sampled, including the slice

Fig. 6 MRS localizers.
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Fig. 7 Reproducibility of MRS relies on careful VOI positioning
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thickness, gaps between slices, and angles of the slices with respect
to brain markers (Fig. 6). Exact repositioning of VOIs can produce
almost identical spectra even after several months (Fig. 7) provided
the MRS is prescribed with care.

One factor that aided in obtaining the good reproducibility (Fig. 7)
was general anaesthesia. But general anaesthesia has one small caveat.
It is generally accepted that MRS cannot detect any of the common
general anaesthesia drugs used in humans, but hyperventilation
can lead to increased cerebral lactate.12 Hyperventilation must be
avoided if possible especially in patient cases where the presence
or absence of small amounts of lactate impacts the diagnosis, e.g.
inborn errors of metabolism. Prepare the anaesthesiology team (if
it is medically acceptable) to avoid hyperventilation from at least
10 minutes before MRS is initiated. It is in particular an issue at
3 Tesla, because the better S/N easily allows detection of lactate
concentrations as small as %-1 mM.

Patients, who are awake, give other issues some different from
in MR imaging. Typically, the patient is allowed to cough or
scratch the nose in between MR imaging series, as long as they
do not move during “knocking sounds”, the images will be
acceptable, MRS requires more of the patient. The patient needs
to know, that movement of the head but also of other body parts
is not allowed at all, not even in between “knocking sounds”.
Movement is unacceptable from the first MRS localizers undil
all MRS acquisitions are done. Also sleeping must be avoided
to prevent patients from sudden awakening causing movement.
Dental braces may cause useless spectra, but locations far from the
mouth sometime turn out acceptable. Mascara and other make-up
containing ferro-magnetic particles present a less severe problem,
but the advice is to remove it prior to MRS, if locations near the
eyes are of interest.

Collection of patient information relevant to the performance
and interpretation of MRS is another pre-MRS task. The purpose
of a clinical MRS scan is to answer the question(s), the referring
physician asked or could have asked.

Advice of when not to do MRS also is the responsibility of the
spectroscopist. MRS can be a waste of time if MRS cannot answer
the asked questions. One example of when not to do MRS is, if
a patient has been on antibiotics for several days, and the posed
question is cystic necrotic tumour versus bacterial abscess. MRS is
very well suited to answer this question in the untreated patient, but
after antibiotic treatment, the special markers of abscess (alanine,
acetate, succinate, or other small amino acids) disappear and both
abscess and necrotic tumour show patterns of necrosis: lipids and
lactate.13-14

Information about circumstances that may affect metabolites are
best collected before the scan starts, because some of the factors
may give hints about what to expect and how to proceed during
the scanning process. Some clinical conditions lead to reversible
or partially reversible spectral abnormalities including: Diet,
medication, serum sodium, liver function, thyroid parameters,
kidney function, seizure activity and diabetes. Ketogenic diet
may cause metabolites as aceto-acetate, acetone and beta-
hydroxybutyrate,1,15-16 (Fig. 8G,H). The solvent propylene
glycol can be detected by MRS after administration of drugs
as barbiturate,1,17 (Fig 8E). Steroid treatments may affect

34

NAA.18 Electrolytes including serum sodium affects the cerebral
osmolytes as ml and Cho.1,19 Abnormal liver function impacts
ml, Cho, Glutamine and sometimes NAA,1,20-21 and it is the
author’s experience that reduced NAA in severe hepatic coma
may be reversible upon recovery. Hyper thyroid disease can
affect mI and Cho22 and kidney disease affects several cerebral
metabolites.23 Status epilepticus may lead to elevated lactate and
decreased NAA.24 Diabetes can cause elevated glucosel,25 or with
ketoacidosis or lactic acidosis, diabetes can lead to accumulation of
ketons or lactate.

Other conditions of interest are: Time since insult because
MRS  abnormalities change with time after injury, sinus
thrombosis because it may lead to lactate accumulation causing
misinterpretation in cases of suspected hypoxic injury, and severe
focal lesions visible on MRI, because they rather than MRS may
be decisive for the prognosis, as for example in locked syndrome.
Another parameter of importance is patient gestational age at birth
and postnatal age. It plays a major role for children less than two
years.1,26-27 In the elderly population one must be aware that age
matched controls improve MRS interpretation. Old age mainly

affects NAA and Cho.1,28

MRS PROCEDURES AND POTENTIAL

PROBLEMS DURING THE SCAN:

Clinical indications for planned MRS1,29-30 include: suspected
global diffuse injury after neonatal or adult hypoxic or traumatic
injuries, toxic encephalopathy, unexplained coma, suspected
inborn errors of metabolism, unexplained status epilepticus, loss of
cognitive function, monitoring treatment, monitoring disease load
prior to a potential treatment, monitoring difficult accessible low
grade tumours, differentiating abscess from necrotic tumour, and
assisting in the work-up of focal lesions of any kind. MRS should
be added to MRI during a scan, when lesions are not understood
or when patient symptoms are unexplained by the images, for
example when MRI is normal in an unconscious or cognitively
disabled patient. But often MRS will be requested by the clinician
and planned, because a primary clinical indication exists.

The MRS localizer sequences precede MRS. Moderately good T2
weighted localizer images (Fig.6) have the advantage that most
focal pathology is recognized, but sometimes it may be necessary
also to consult the diffusion weighted images to exclude overlap
with acute lesions invisible on T2.

In most diffuse brain pathologies MRS from single VOI standard
GM and WM suffices, but in certain inborn error of metabolism
additional disease specific locations can improve MRS, as for
example in adrenoleukodystrophy or Leigh’s disease (Fig. 7 and
8D). In a patients with suspected severe diffuse global traumatic
or hypoxic injury, standard locations GM and WM are advised,
but overlap with focal lesions like strokes or shearing lesions should
be avoided if possible, because the result will only reflect the focal
pathology, and not allow a prognostic evaluation of the patient. In
a neonate with suspected birth hypoxic injury, it has been shown
that VOIs in the thalamus or basal ganglia better differentiate
between good and poor outcome.30-34

CSI is the method of choice for the study of focal pathology,
but it could be supplemented with single VOIs to get the better
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spectral resolution. In patients with a tumour or other focal lesions
partial volumes of unaffected tissue may confuse the interpretation
of a spectrum. Inspection of the localizer images may assist the
interpretation. In such cases post contrast localizer images may be
necessary. Whether or not to perform MRS after contrast injection
is a frequent question. Post contrast MRS is acceptable, but be
aware that broader resonances result. Lower resolution may affect
post-processing, so direct comparison to non-contrast data are best
avoided.

The general advice is to follow fixed protocols as described above.
Global or diffuse diseases are best investigated with single VOI
MRS, whereas focal diseases can benefit from CSI as well as single
VOI MRS. Standard VOIs facilitate easy reference to normal
control data, but certain circumstances or diseases may prompt
extra locations or extra TEs. Consistency mixed with flexibility is
the key. Display and read the spectra during the scan. Poor spectral
quality can be addressed immediately by repeating the scan forcing
a new shim, repeating it with a slightly smaller VOI, shifting away
from problems like haemorrhage, scalp or lipomas (Fig.9), or by
addressing movement problems. Borderline results with respect to
the clinical interpretation could be tackled by supplementing with
additional VOIs from similar tissue locations.

The discussion of which TE to use may never find an answer all
spectroscopist can agree on. The author’s opinion is that a short TE
(20-35 ms) protocol almost always is enough. Short TE gives the
most information and using experience or post-processing software
as LCModel is the clue to dealing with the overlapping resonances
and underlying broad components. Moving to long TE will give
a flat baseline, but it also causes much lower S/N and the loss of
clinically important information about ml, Glx, GABA, glucose,
lipids and macromolecules, (Fig. 3). It may be argued that lactate
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can only be confirmed by its inversion with PRESS TE=144 ms,
this is partially correct. In spectra with very broad resonances as
in some spectra from heterogeneous tumours, the FWHM will be
so increased that the splitting of the lactate doublet is invisible.
But be aware that PRESS TE=144ms also inverts propylene glycol,
alanine,  -hydroxybutyrate, and other metabolites with weak
coupling. High quality short TE spectra will allow a full splitting of
the lactate resonance. Confirmations of the 7 Hz splitting between
the two peaks and of the chemical shift (as read from the centre
between the two peaks) 1.33 ppm suffice to identify lactate. Lactate
may overlap with lipid at short TE, but identification of lactate in
well-resolved spectra only becomes problematic, if lactate is very
small compared to lipid.

A short TE spectrum may be supplemented with a long TE
spectrum in order to clarify the origin of certain metabolites.
Beside inverting resonances, long TE can be used to demonstrated
singlet signal versus complex multiplet signals as in hyperglycaemic
academia where glycine persists at long TE differentiating it from
ml. When a genuinely new or unusual resonance shows up, short
and long TE as well as increased NAV and VOI size may assist the
assignment of the resonance.

Patient movement is a problem to be aware of during MRS.
Minor continuous patient movement like heavy breathing may
be accepted as long as the VOI does not shift significantly. Minor
movement leads to lower S/N and broader resonances. Storage of
individual transients followed by phasing and frequency shifting
before averaging may alleviate the problem of motion.36 When the
patient is even more restless, the VOI may be shifted away from the
intended location. Any suspicion of such movement should cause
an immediate re-scan of at least one series of localizer images to
confirm the location.
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Saturation bands may be used to deal with signals from the scalp
fat. It is very helpful in CSI, but for single VOI it is only necessary
in the near proximity to the scalp.

STORAGE, POST PROCESSING, AND READING MRS

Currently depending on manufacturer, separate storage of MRS
raw data may be needed for later re-analysis or to be able to post-
process the data offline. A very simple first attempt to analyse
spectra is the visual inspection, reading of the spectrum identifying
each metabolite (Table 1). Spectral processing and reading or visual
inspection is a matter of practice. The spectroscopist will soon learn
to recognise the usual metabolites as NAA, Cr, Cho, ml, Glx and
lactate, and the more unusual like ethanol, acetate and many more
(Fig. 8). A number of post-processing methods are useful, examples
of available software packages are LCModel11l and MRUL37 The
manufacturers usually provide their own post-processing packages,
some of these are very useful for interactive analysis and data display.
The packages may output a standard displayed spectrum with a
set of automatically calculated numbers. Post processing packages
of any kind typically output metabolite ratios often expressed
as ratios to Cr, and some output “absolute” numbers of a kind.
Metabolite concentrations can be calculated either by referring
to an assumed water concentration or by various other kinds of
scaling methods.38-40 CSI data can be post-processed offline or
using scanner software. The regional information of CSI enables

Fig. 1 Brain MRS from a healthy volunteer.

calculation of metabolite images, these can be maps of ratios for
example of NAA/Cr, Cho/Cr, or lactate/Cr. Individual display of
all spectra in the grid is however strongly recommended, before
metabolite maps are created, because artifacts may be hidden in the
colourful metabolite map. The lactate map may for example show
“hot spots” caused by unwanted lipid signals.

Itis invalid to compare numbers acquired with one software package
to numbers acquired with another, but also just using the same
package, parameters and settings within the same post-processing
package must be kept unaltered. A major cause of data variation is
due to post-processing choices. Most of the used post-processing
packages use a priori knowledge, for example of which metabolites
to expect in the spectrum. Change of the a priori knowledge, for
example adding or omitting some of the expected metabolites, will
cause the software package to give different numerical output, and
healthy controls data must be recalculated.

CONCLUSION

MRS provides added value to imaging of visible lesions, but more
importantly MRS is a tool to see invisible abnormalities in normal
appearing brain tissue. At first glance MRS may seem to have
much too many ingredients and have too complicated recipes, but
sticking with stringent protocols and after a little practice MRS
becomes a useful daily tool, and referring physicians soon forget,
they could ever have lived without it.

MRS demonstrates presence and absence of molecules in brain tissue giving a biochemical fingerprint of the brain. The spectrum is a short echo time (TE=30ms)
PRESS spectrum acquired from occipito-parietal white matter (WM) in a healthy volunteer at 3 Tesla.

Fig. 2 MRS localization

Volume selection is achieved by using three slice selective radio frequency pulses in such a way that their slices intersect, and only the protons in the selected single
volume of interest (VOI) will create a three pulse echo. Pulse sequences are designed to suppress signals except those from the three-pulse echo enabling single VOI
MRS. Simultaneous acquisition of MRS from multiple VOIs can be accomplished by selecting a large flat single VOI, and by adding phase encoding gradients
to the pulse sequence, similarly to how it works in MRI. The result is spectra from a grid of smaller VOIs. Chemical shift imaging (CSI) and magnetic resonance
spectroscopic imaging (MRSI) are some of the popular names of the method.

Fig. 3 Echo time effect on MRS

Spectra sampled at echo times TE=30ms, 144ms and 288ms using PRESS. Data from a 17 day old term baby with isovaleric academia illustrate the effect of TE
on a number of cerebral metabolites. The spectra are displayed using fixed signal scaling to illustrate how the metabolites decay. The numbers on the vertical axis
signify signal amplitude measured on an arbitrary scale. Most scanner systems automatically display spectra scaled to the tallest peak, giving a different impression
with tall peaks and seemingly increased noise. Visible metabolites include lactate, NAA, Glx, Cr, Cho, mI (ml severely reduced compared to normal for an infant
due to abnormal liver fiunction), glucose and a composite likely of isovaleric acid and isovalerylglycine (IVag), as these are increased in isovaleric academia. The
effect of TE on singlets as NAA, Cr and Cho is exponential T2 decay of the signal amplitudes. The signals decay but not exactly at the same rate due ro differing
metabolite T2 values. In vivo Cho typically has a longer T2 than the others, so at long TE, T2 weighting of MRS results in relatively larger Cho/Cr ratios.
The effect of TE on complex multiplers of Glx, glucose and ml is exponential T2 decay combined with loss of signal due to strong coupling, the combination is
sometimes referred to as apparent T2 decay. The signals have almost vanished at TE=144ms. The effect of TE on weakly coupled spin systems as lactate and
the IVag is exponential T2 decay combined with an oscillation. The signals vanish, become negative, vanish and reappear again, with minima ar TE=1/], 3/J,
etc., and maxima ar TE ar TE=0/], 2/], etc., where ] is the spin-spin coupling constant, with a value around 7 Hz. This holds true for PRESS, but is different
for STEAM. Some manufacturers and manuscripts refer to TE=144 ms others to 135 ms or 136 ms as TE o invert lactate. TE=144ms is the optimum choice
according to precise measures of J for lactate, but it is not of major importance, the oscillation is so slow that all the values in practice are acceptable.

Fig 4. Basic MRS quality checkpoints

MRS from occipital grey matter (GM) in a healthy volunteer measured with PRESS short echo time (TE=30ms) at 3 Tesla. Spectral quality checks include:
A: The broad resonances between 0.8 ppm and 1.4 ppm from lipids and macromolecules of the magnitude seen here are acceptable. The magnitudes of these
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resonances in a healthy volunteer depend of how well outer volume signals are suppressed.

B: “The creatine check” is a smart way to verify thar the spectrum is artifact free in the spectral region between 3 and 4 ppm, a region where water suppression
artifacts often occur. If the second creatine peak at 3.9 ppm has a peak height approximately 2/3 of the first, then it is fair to assume that the spectral quality
is acceptable, and that the other signals in this region also are displayed correct. If the spectrum fails the creatine check, ml, Cho and other metabolites may
also be distorted.

C: The spectrum displayed has not been baseline corrected. The baseline is relatively flat, apart from humps primarily in the Glx regions representing real but
broader resonances. Mathematical baseline correction is offered by most post-processing packages, but when it is used in post-processing of short echo time
spectra, it often introduces artifacts. The spectrum shown here was post-processed using minor zero filling, minor Gaussian filtering, residual water filtering,
Fourier transformation and phase-correction only. The spectrum is displayed from 0 ppm to 4.3 ppm. A full display and minimal data processing enables the
best inspection of spectral quality, and provides presentation without concealment. A small wiggle in the baseline is seen between 4 and 4-3 ppm is probably
an artifact from the combined water suppression and residual water filtering.

D: The homogeneity of the magnetic field (in daily terms: the shim-quality) may be analysed by measuring the full width at half maximum (FWHM) of a singlet
resonance. A more practical approach for in vivo human brain spectra is to look at the splitting between Cr and Cho. If the Cr at 3.03 ppm and the Cho at
3.22 ppm is split to the baseline, then the shim is good. Further splitting so that noise becomes visible between the two resonances is possible for example in
spectra from anaesthetized infants. The resolution is slightly better at 3 T compared to 1.5 T, but it is not twice as good, some is lost to due to shorter T2*
and following T2* line broadening.

In this spectrum one further notices that the Cho at 3.22 ppm has a minor shoulder on the left side. This is real, at 3 Tesla further structure becomes visible,

reflecting that Cho represents signals from all choline containing compounds and from all other underlying resonances, including multiple peaks from ml, that

are not seen at 1.5 T. Cho appears as a single peak ar 1.5 Tesla.

Fig. 5 How to select the location of the GM and WM VOIs

The standard VOIs mid-occipital grey matter (GM) and occipito-parietal white matter (WM) used in the author’s hospital. VOI size and how to select the
locations is illustrated. MRS is prescribed on transverse images with slice distance 5 mm to make it clearer, how the slices step up and down through the VOI,
when the VOI position is inspected.

GM: The 21x27x20 mm3 VOI is placed in the occipital midline. Step up and down through the transverse slices and check (A) whether the two upper corners
overlap too much with the corpus callosum, which would give too much white matter in the VOI. Then move to the top and check (B) that the outer corners
are not too close to the scalp. Move up and down, check again, and choose the VOI to overlap with the five slices corresponding to 20 mm so the conditions best
are met.

WM: The 25x25x20 mm3 is placed in left or right occipito-parietal white matter. As described for GM, check the corners, check (C) for overlap with
cerebrospinal fluid (CSE) of the ventricle and check (D) for overlap with the scalp. A small corner of the VOI may stray into the CSF without affecting the
spectral quality, but it complicates some quantitation procedures to have a CSF compartment in the VOI. It is sometimes difficult to get good resolution of WM
spectra from patients with very enlarged ventricles, possibly due to CSF pulsation, susceptibility artifacts or problematic water suppression, in these cases shrinking
of the VOI helps.

Typically, MRS locations are displayed only showing the centre slice, but it is import to have inspected the VOI at all corners to avoid overlap with unwanted
tissue, scalp, or unwanted focal lesions. In small heads it may be difficult to make it fit, then the VOI may be shrunk.

Fig. 6 MRS localizers.

Some spectroscopists use existing MR images for MRS prescription. Other prefer to run a full set of transverse images or even a full set of orthogonal localizer image
series just for MRS to cover the whole brain and be able to show orthogonal projections of the VOI at all positions. This way the VOI can be inspected and tissue
type or focal lesions can be include or avoided as desired. The author uses fast T2 images, with slice distance 5 mm covering the brain as illustrated. First aligned
saggital images, then orthogonal transverse images aligned to the upper pons and lower fossa anterior (A), and finally orthogonal coronal images are acquired.
Another common alignment of the transverse images is according to the corpus callosal angle (B):

Fig. 7 Reproducibility of MRS relies on careful VOI positioning

The figure illustrates how good long term reproducibility can be achieved. The original MRS and localizer images were printed prior to MRS. MRS localizer
images were sample as in the first examination, and the repeat MRS was prescribed with extreme care comparing the VOI positions relative brain landmarks.
This way repositioning within 1-2 mm was achieved. The example shown is from an asymptomatic adrenoleukodystrophy patient, who due to young age was
scanned in general anaesthesia. MRS is performed in asymptomatic adrenoleukodystrophy patients to monitor disease development, and to assist in making
decisions about bone marrow transplantation. White matter in typical locations of disease development are measured and the GM and WM are added to have
extra information. The frequency of examinations is chosen based on the child’s age and risk of developing active disease.

The MRS (3 T, PRESS TE=30ms, TR=3000ms, NAV=80) shown here was from GM (A), and it was repeated after 11
months (B). Notice how every litle detail of the spectrum was reproduced, for example all small “wiggles” between 2 and 3 ppm.
The analysis of the spectra in this patient revealed that the spectra were normal. Normal was defined by metabolite ratios NAA/Cr, Cho/Cr, mI/Cr, and Gl/Cr
being in the range Mean+2SD, where Mean and SD were measured in a group of healthy volunteers. MRI and spectra (not shown) from white matter in typical
disease regions showed absence of active disease and the patient was referred to continued monitoring rather that bone marrow transplantation.
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Fig. 8 Collection of abnormal metabolites

A: Untreated abscess with acetate at 1.9 ppm, lipids at 1.3 ppm, and lipids combined with a group of narrow peaks in the 0.9 ppm region, they are typically
assigned to the amino acids valine, leucine and isoleucine.

B: Untreated abscess with succinate at 2.4 ppm. The S/N is not sufficient to detect the 0.9 ppm group of amino acids with certainty.

C: Meningioma with alanine at 1.48 ppm.

D: Lactate at 1.33 ppm in putamen in a 7 month old with Leigh’s disease. Spectra from GM and WM did not have lactate.

E: Propylene glycol (PG) at 1.14 ppm and lactate at 1.33 ppm in basal ganglia of a three days old term infant with severe hypoxic injury after placental
abruption. Notice how near each other PG and lactate are. If only PG was present, it could be confused with lactate, potentially leading to a false positive for
the diagnosis hypoxic injury.

F: GABA detected in a 3 week old with progressive neurometabolic disease. Vigabatrin treatment and metabolic disorders with increased GABA were considered.
G: Acetone at 2.22 ppm due to ketogenic diet in a 2V year old with severe seizures and leukoencephalopathy of unknown aetiology.

H: Acetoacetate at 2.29 ppm and 3.43 ppm (probably overlapping with the 3.43 ppm resonance of glucose) and b-hydroxybutyrate ar 1.21 ppm due to ketogenic
diet in a 9 month old with mental retardation and medically intractable seizures. Children with mental retardation of unknown aetiology often have severe
seizures, so ketogenic diet is a possibility to remember, before “new peaks” lead to excitement about “new resonances” and a corresponding diagnosis.

I: Glucose at 3.43 ppm and 3.8 ppm in a comatose intensive care patient 22 days after cardiac arrest during liver transplantation. Lactate, decreased NAA and
increased Cho indicate severe hypoxic injury.

J: Ethanol at 1.16 ppm and 3.68 ppm in a patient who had recovered and came for a control scan 24 days carbon monoxide poisoning. The decreased NAA
and increased Cho may reflect sequelae to long-term alcohol abuse, to carbon monoxide poisoning or to a combination of the two.

K: Mannitol at 3.78 ppm in a 4 year old with an neurometabolic disease of unknown etiology, who had received mannitol due to an acute brain oedema crisis.
L: Methylsulfonylmethane (MSM) at 3.15 ppm in an adult, who used the dietary supplement to treat arthritis.

Fig. 9 Lipid artifacts

A: MRS from a VOI intentionally placed too close to the scalp. The lipid signals originate from outside the VOI and has a different phase compared to NAA, Cr,
Cho, ml and other resonances from within the VOL.

B: MRS from a VOI overlapping with a falx lipoma. The lipid signals originate from inside the VOI and have the same phase as two the other resonances.

Table 1 Human brain metabolites detected by proton MRS

A singlet is a single peak from an entity of magnetically equivalent protons as for example the protons in the CH3 or the CH2 of creatine. A doublet is a double
peak, the peaks have the same peak height. Examples of doublets are the resonances from the protons in the CH3 of lactate or alanine, where splitting is caused
by weak coupling to the neighbouring CH group.

A triplet is a triple peak. The peak heights relative to each other are 1:2:1. An example is the resonance from the protons in the CH3 of ethanol, where splitting
is caused by a weak coupling to the neighbouring CH2 group.

A quartet is a quadruple peak. The peak heights relative to each other arel:3:3:1. Examples are the resonance from the protons in the CH of lactate or CH2 of
ethanol, where splitting is caused by a weak coupling to the neighbouring CH3 group.

When the coupling constant J (the splitting in Hz between for example the two peaks in the doublet) is a lot smaller than the chemical shift difference in Hz
between the two resonances coupled to each other, then the coupling is regarded as a weak coupling. The shape, amplitude and appearance of the resonances as
Sfunction of pulse sequence parameters follow simple patterns. When the two resonance groups are closer to each other, so that the coupling constant J is of the same
order of magnitude as the frequency shift between the two resonance groups, then the coupling is regarded as a strong coupling and resonance patterns are complex.

Also amplitude and appearance of the resonance as function of pulse sequence parameters as TE become more complex. Examples of strongly coupled resonances
are ml, glucose and the 2.05-2.5 ppm resonances as glutamate and glutamate.
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CMR for Technologists

Giuliana Durighel Senior MR Research Radiographer
Imaging Sciences Department. Imperial College, London. UK.

Cardiac magnetic resonance imaging (CMR) has been hailed as the single modality capable of
defining cardiac anatomy and function, myocardial perfusion, myocardial viability, and coronary
artery anatomy (1). CMR, although still evolving rapidly, has matured to the point where it is now a
powerful tool with a range of clinical and research applications. Appropriate indications for cardiac
MRI are listed in Table 1. In recent years, technical developments have had a dramatic effect on
cardiac MR applications, such that the debate no longer focuses on the diagnostic power of MR
imaging but on availability and local expertise. The MR Technologist is a fundamental member
of the cardiac team and this review should aid those wanting to grasp the main principles of CMR
whilst also pointing out what is required to produce high-quality images.

CONTRAINDICATIONS:

Before a patient is placed in a strong magnetic field it should be
determined by direct contact with the patient (or informed relative)
whether the patient possesses any metal implants, devices and/or
metallic foreign bodies which may be a contraindication for a MR
examination. Any patient with a range of non-removable, implanted
devices should not, under most circumstances, be imaged with
MRI. Traditional concerns about MRI of patients with implantable
cardiac devices include possible movement of the device and
induced lead currents that lead to heating and cardiac stimulation.
Strong electromagnetic fields may also cause asynchronous pacing,
active tachyarrhythmia therapies, or inhibit a demand pacemaker
(2). The presence of ferromagnetic materials can cause variations
in the surrounding magnetic field that result in image distortion,
signal voids or bright areas, and poor fat suppression. Such artefacts
are most pronounced on inversion recovery. This may result in
an area of high signal intensity and can mimic areas of delayed
enhancement, which could otherwise indicate myocardial fibrosis
(3). It is worth noting that intracoronary stents and coronary artery
bypass graft surgery are not contraindications (4). Although small
forces are generated within metal heart valves by the magnetic
fields, they are minimal compared with the forces generated by the
beating heart, and all mechanical heart valves are considered safe
(5). When in doubt, various resources, such as www.mrisafety.
com are available to check a device’s safety at a specific magnetic

field strength.
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CARDIAC GATING:

Cardiac synchronisation limits the artefacts linked to the motion of
the heart and blood flow, thus enabling the different phases of the
cardiac cycle to be sampled. The methods used to synchronise with
cardiac motion essentially rely on the electrocardiogram (ECG).
MRI cine acquisition studies rely on robust and consistent ECG
gating during the examination. Therefore, before proceeding with
the examination, the MRI technologist should check ECG gating
by ensuring a high, constant-amplitude R wave and a low T wave.

Fig 1. ECG tracing with red boxes representing the acquisition periods.
Information is acquired at the same point in each cardiac cycle across multiple
cycles to make the final image.

The time between consecutive R waves on the ECG, or the R-R
interval, is used to coordinate ECG gating. The R-R interval is the
duration of one heartbeat, and is typically expressed in milliseconds
(Fig 1). Currently, the two main ways in which the ECG is used to
guide acquisition are:
* prospective gating
* retrospective gating

When gating prospectively a preceding R wave acts as a trigger
to acquire information during the R-R interval. This will then
occur at the same moment in the cardiac cycle with k-space being
segmented into individual lines or groups of lines. The key issue
to prospective triggering is that the length of the acquisition itself
must be shorter than the average R-R interval. If the acquisition
length should supersede this period, the total acquisition time or
breathe hold will increase (6). With retrospective gating MRI
acquisition is continuous with a short TR, whereby a simultaneous
ECG recording reorganises the data during image reconstruction
i.e. retrospectively. The MR signal data from each R wave is then
allocated to the corresponding time points in the cardiac cycle at the
end of the entire acquisition. The advantage of retrospective gating
is the possibility of imaging the entire cardiac cycle, whereas in
prospective gating, there is a lapse of time at the end of the diastole.
Movieloop display of these multi cardiac phase or cine images clearly
shows the dynamic contraction and relaxation of the ventricles
throughout the cardiac cycle without any flashing artefacts as is the
case with prospective triggering. In general, if a high, consistent
R wave and low T wave cannot be effectively established, then the
technologist should reposition the ECG electrodes. Artefacts can
occur when there are differences in the length of the R-R interval,
such as with cardiac dysrhythmias or from a low ECG signal such
as with barrel chested patients. Newer MRI systems that offer
advanced triggering modules based on vectorcardiogram (VCG)
are available to improve R-wave detection. The VCG technology
synchronises the MRI image acquisition with cardiac motion by
using temporal and spatial information about the cardiac electrical
activity to better differentiate between true signals and signal

artefacts that result from a magnetohydrodynamic effect and other
noise stemming from physiologic processes (7).

RESPIRATORY GATING

There are situations when the patient cannot comply with the breath
hold instructions and consequently free breathing acquisitions
may be employed. During free breathing, diaphragmatic motion
is monitored by a special navigator echo, and a decision is made
to either accept or reject the data on the basis of the position of
the diaphragm. The navigator is positioned on a scout image at
the anatomical interface between liver and right lung and a data
acquisition window is define by the radiographer in communication
with the clinicians. During each cardiac cycle, the navigator signal
updates the superior-to-inferior motion of the right hemidiaphragm
(Fig 2). Respiratory gating can be advantageous as prolonged
imaging times can be traded for a finer acquisition matrix, extended
coverage, and a high SNR. Furthermore, whole heart coverage is

feasible with this approach (8).
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Fig 2. Temporal display of multiple navigator echoes shows diaphragmatic
motion. Data only accepted if acquired within acceptance window defined by
diaphragm position.
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CARDIAC PLANES

Routine cardiac MRI studies are performed in a variety of imaging
planes, depending on the desired diagnostic application. A variety
of views can be performed to obtain the proper anatomical
images according to each patient’s body habitus. The optimal
planes also depend on the global positioning of the heart in the
thorax. Transverse planes show the relationship of the four cardiac
chambers and also demonstrate the pericardial structures and
coronary vessels. Sagittal images show the connection between the
ventricles and the great vessels whilst coronal images are most useful
for evaluation of the left ventricle outflow tract, left atrium, and the
pulmonary veins.

Other planes that constitute a CMR examination are:
* Vertical long axis (VLA)
e Left ventricle short axis (SA)
* Horizontal long axis or 4 chamber (4CH)
¢ 3 chamber (3CH)

Specific images can also be planned in order to view the right or
left ventricular outflow tracts which detect obstructions or other
abnormalities. Depending on the patient’s condition, techniques
such as black blood imaging, bright blood cine, phase contrast,
or viability and perfusion techniques can be used to maximise the
image contrast and diagnostic value (9). These methods will be
discussed later.

VERTICAL LONG AXIS

The vertical long axis is essential for evaluating the anterior and
inferior walls and apex of the left ventricle. An axial image through
the left ventricle (LV) and left atrium (LA) is chosen from transverse
localiser images and a parasagittal plane that is perpendicular to
the chosen image is prescribed that bisects the mitral valve and
intersects the LV apex (Fig 3a).

SHORT AXIS

The short axis view is chosen such that a series of slices are
perpendicular to the long axis of the LV. The SA plane is most
commonly used to evaluate global ventricular function, ventricular
mass and volume as well as wall thickening. Most of the ventricle
can be easily studied and any perfusion abnormalities can be better
seen. The papillary muscles as well as muscular trabeculations
are also well defined. The major limitation of the SA plane is the
difficulty in assessing the mitral valve, and the interface between left
ventricle and left atrium (7). Therefore it is essential to ensure that
any CMR protocol has a combination of imaging planes which will
overcome at least some of the inaccuracies related to the use of a

single imaging plane approach (Fig 3b).

HORIZONTAL LONG AXIS/FOUR CHAMBER

The horizontal long axis is best for evaluating the septal and lateral
walls and apex of the left ventricle, the right ventricular free wall,
and chamber size. The mitral and tricuspid valves are also well
visualised in this plane. A plane perpendicular to the vertical long
axis image is chosen which intersects the lower third of the mitral

valve and the LV apex (Fig 3c).
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Fig 3. From top (a) VLA (b) SA (c) 4ch (d) 3ch. The red line represents the
plane through which the image on the right is obtained.

THREE CHAMBER
The three chamber view shows the aortic root and aortic valve,
left ventricular outflow tract, mitral valve, and the anteroseptal
and inferolateral walls of the left ventricle. A true coronal image
is chosen through the aortic root and a plane is chosen that is
perpendicular to the aortic valve plane (Fig 3d).
PULSE SEQUENCES
Pulses sequences are a pattern of radiofrequency pulses and
magnetic gradients that are used to produce an image. The different
pulse sequences that are used in cardiac imaging can be broadly
divided into either black-blood or bright-blood techniques. Spin
echo cardiac sequences are typically black-blood techniques whilst
gradient echo sequences are typically bright-blood techniques.
The following sequences are the most commonly employed for
clinical CMR examinations:

* Spin Echo

* Gradient Echo

* Inversion Recovery

* Velocity Encoded Gradient Imaging
Spin echo (SE) pulse sequences rely on the addition of a 1800
refocusing pulse that removes the effect of T2* relaxation and
determines that the amplitude of the spin echo is influenced by
T2 relaxation only. The most commonly used pulse sequence for
black blood imaging combines the black blood preparation scheme
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Fig 4 Spoiled Gradient Echo image in HLA/4ch plane.

with the turbo or fast spin echo pulse sequence (10). These are
called “black blood” images because of the signal void created
by flowing blood. Presaturation with radiofrequency (RF) and
reduction of the TE minimises blood signal and increases contrast
on gated SE images. High resolution SE images can be used to
study the anatomy of the heart as well as the thoracic aorta and
great vessels in axial, sagittal oblique and coronal oblique views
giving excellent anatomical detail. However, although it is widely
available, SE imaging is degraded by respiratory and other motion-
related artefacts (11). The two main types of
Gradient Echo (GE) pulse sequences used
for CMR have the generic names, spoiled
gradient echo and balanced steady state
free precession. The Spoiled Gradient echo
sequence is the workhorse of cardiac imaging
because of its speed and versatility. Speed is
enhanced by reducing the TR dramatically
without saturating or driving the signal to
zero therefore permitting data from the same
slice location to be acquired at different
phases throughout the cardiac cycle. A much
larger transverse magnetisation is achieved
following subsequent low flip angle pulses.
This is known as flip angle imaging and it
forms the main basis by which the spoiled GE
sequences are used for fast imaging (10). (Fig
4) Global and regional ventricular contractile
function can be imaged using cine GE
sequences, synchronised to the patient’s ECG.
GE imaging is also employed in the assessment  on this image.

of blood velocity and flow measurements,

assessment of valvular disease, myocardial perfusion and delayed
enhanced imaging. Two dimensional (2D) GE sequences are well
suited for breath hold studies, dynamic contrast examinations and
CMR angiography (12). Balanced Steady State Free Precession
(bSSEP) is a family of sequences which are currently the backbone
of cine cardiac MR imaging. Balanced SSFP GE sequences are
designed to ensure that the transverse magnetisation is not spoiled

Fig 6 This image shows the appearance of
normal nulled myocardium using an IR pulse
sequence. This sequence is used when looking
for delayed enhancement, but none is present
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Fig 5 Pericardial fluid (arrows) has higher signal intensity on SSFP image.

but brought back into phase at the end of each TR period when the
next RF pulse is applied. After a number of repetitions this gives
rise to a steady state condition where the transverse magnetisation
from two or three successive repetition periods combine to give a
much greater signal (13). SSEP is a modification of GE imaging
producing bright blood images with excellent contrast between
myocardium and blood within the heart (blood pool). The
high temporal resolution and excellent contrast of SSFP make
it well adapted for evaluation of wall motion and volumetric
measurement, which require clear delineation
between myocardium and blood pool (Fig 5).
It is worth noting that this sequence is very
dependent on the homogeneity of the magnetic
field. By placing a shim box over the region of
interest and keeping the TR as short as possible
the technologist can prevent some of the dark
banding artefacts that these SSFP images are
prone to. Inversion Recovery (IR) pulses are
used to null the signal from a desired tissue to
accentuate surrounding pathology. A common
use of this technique is to null the signal from
normal myocardium during delayed enhanced
imaging which is typically performed about
10 minutes after injection of a contrast agent.
IR pulses have a special parameter known
as inversion time (TT). When attempting
to null normal myocardium, one must find
the appropriate TI at which the normal
myocardium is dark. To determine the
appropriate TI for an individual, a TI scout
series is obtained where each image in the
series has a progressively larger TI. Several minutes after contrast
administration, normal myocardium clears all contrast from its
cells and appears black. In contrast, abnormal cellular behaviour
in scarred or infiltrated myocardium has extracellular contrast
excretion that does not clear at the same rate hence it appears bright
against the black healthy heart muscle and intermediate signal of
the left ventricular cavity (Fig 6). Delayed enhancement can signify
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Fig 7 On a velocity phase-contrast MR image, orthogonal measurements of
the ascending aorta at the level of the pulmonary bifurcation (outlined in red)
can be performed.

ischemic edema, an inflammatory or infectious pathology such as
myocarditis or fibrous reorganisation which is often the case in
cardiomyopathies. The majority of published studies evaluated
myocardial viability using selected long axis images and a set of SA
images to encompass the LV. This 2D approach requires multiple
breath holds but can be accomplished in less than 10 minutes. 3D
approaches have recently been promoted as being comparable in
image quality, and have the advantage of a single, albeit longer,
breath hold to encompass the entire ventricle (11). Velocity
encoded gradient echo imaging (VENC), also known as phase
contrast imaging, is an MR technique for quantifying flowing
blood. By measuring the phase shift that occurs as protons in the
blood move through a magnetic field, the velocity and direction
of the blood can be obtained. To obtain accurate measurements
from a VENC image, a plane must be selected that is perpendicular
to the path of the flowing blood. The technique creates a velocity
encoded image for multiple phases of the heart cycle, thus creating
a cine. Stationary tissue appears grey with tissue moving through
the plane appearing as shades of either white or black, depending
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on the direction. The more white or black the tissue is, the faster it
is moving. Quantification of blood flow is performed by software
that requires the user to outline the vessel of interest for each phase
(Fig 7). The software then produces time-velocity and time-flow
curves. This technique can aid in calculating the relative flows in
the systemic and pulmonary systems when evaluating a cardiac
shunt, determining the pressure gradient across a stenotic valve, or
the regurgitant flow through a valve.

OTHER VALUABLE CMR TECHNIQUES

Perfusion Imaging

Perfusion imaging involves scanning of the heart in the SA plane
during the first pass of contrast through the right and then left heart
and subsequent enhancement of the myocardium itself. Performed
at rest, the areas of reduced enhancement equate to hypoperfused
or unperfused myocardium. This is then repeated in conjunction
with myocardial stressing allowing areas of reversible ischemia to be
mapped as a focal hypointense segment of myocardium. Adenosine
is most often used for assessing perfusion whilst regional wall
motion is analysed using dobutamine. Plein found that a muld-
component CMR consisting of cine function, adenosine and rest
perfusion, delayed enhancement, and coronary artery imaging
yielded a high sensitivity and specificity in predicting the presence
of significant artery disease (14).

Tagging

Myocardial tagging lays out a saturation grid or series of
saturation lines across the heart. Deformations of these lines due
to myocardial contraction are then monitored. When combined
with cine imaging, myocardial tagging can provide supplementary
information about wall motion and is usually performed as a
breath hold acquisition with a gradient echo readout (15). In
clinical practice, tagged images are usually analysed subjectively to
distinguish between normal and hypokinetic myocardial segments,
and to evaluate regional circumferential contraction (Fig 8).

THE USE OF CONTRAST AGENTS IN CMR
Paramagnetic contrast agents are frequently used in cardiac MR
examinations as extracellular agents as they predominantly affect

3 days post STEMI

T2-5P1R
Ischemic Area at Risk

Late Enhancement
Infarcted myocardium

Circumerential
strain

1 yvear post STEMI

Circumferential
sirain

Fig 8 Tagged short axis image showing regional systolic dysfunction (green colours) following primary coronary intervention to a left anterior descending artery

occlusion.
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T1 shortening in tissues where it accumulates. Thus, organs such
as the heart, taking up these agents will become bright on a T1W
MRI sequence (16). The most commonly used contrast agents in
CMR are based on gadolinium and examples include Gadovist
and MultiHance. They are routinely injected intravenously and
although it is initially in the arteries it rapidly redistributes into the
extracellular fluid spaces and is then excreted via the kidneys. Based
on the diagnostic purpose as well as safety considerations, the exact
doses and manners of contrast agent administration vary among
different cardiac MRI protocols.

Gadolinium-based contrast media (Gd-CM) are safe and lack
the nephrotoxicity associated with iodinated contrast media.
Minor adverse effects occur infrequently and include nausea, taste
perversion, and hives. The issue of nephrogenic systemic fibrosis
(NSF) and its relationship to the gadolinium chelates is something
that a MR technologist should be aware of. NSF is an uncommon

Axuvotexvoioyia

but severely delayed fibrotic reaction of the body tissues to some
Gd-CM. It affects patients with renal insufficiency, and specifically
patients on dialysis or approaching dialysis in particular those
patients in whom the glomerular filtration rate (GFR) is less than
30 ml/min/1.73m2. There is growing recognition in the literature
of an epidemiologic association between the administration of
Gd-CM and the development of NSF. The European Society of
Urogenital Radiology has published guidelines on the use of Gd-
CM: s and its relationship to NSF (17). To reduce the risk of NSF
in at-risk patients they recommend using a Gd-CM not associated
with the development of NSF. NSF has occurred following
the administration of Omniscan, Magnevist and Optimark
hence these should be avoided at all costs in at-risk patients. An
alternative imaging or nonimaging modality that may provide the
requested clinical diagnostic data at a lower potential risk is actively
encouraged by many health care professionals (18).

TABLE 1
INDICATIONS FOR CARDIAC MRI
1) Coronary artery disease

B. Detection of Coronary Artery Disease

iii. Coronary MRA (anomalies)

2)_Cardiomyopathies
___A. Hypertrophic cardiomyopathy

B. Dilated cardiomyopathy

E. Myocarditis

3
4

5
6) Congenital heart disease (CHD)
___A. Assessment of shunt size

Cardiac and pericardiac masses: Thrombus

T — — —

B. Anomalous pulmonary venous return
C. Ebstein’s anomaly

D. Pulmonary regurgitation

E. Atrial septal defect

A. Assessment of global ventricular function and mass

i. Regional LV function at rest and during dobutamine stress
ii. Assessment of myocardial perfusion (adenosine stress)

C. Acute and chronic myocardial infarction: Detection and assessment, Myocardial viability

C. Arrhythmogenic Right Ventricular Cardiomyopathy
D. Restrictive cardiomyopathies: Sarcoid, Amyloid

Pericardial disease: Pericardial effusion and Pericarditis
Valvular heart disease: Quantification of regurgitation

7) Diseases of the aorta and great vessels: Aortic aneurysm, Aortic dissection

(Courtesy of Imperial College NHS MRI prorocol)
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A FEW FINAL BUT IMPORTANT POINTS

Even after the MR technologist has familiarised themselves with
all of the above concepts it is still worth covering what may seem
basic. MRI technology is now somewhat pervasive in the medical
community; nonetheless not every MRI scanner is adequate to
obtain cardiac images. Dedicated cardiac coils alongside a high
performance 1.5 or 3 Tesla magnet with strong, fast gradients are
necessary to obtain high quality images. In order to achieve a good
signal to noise ratio the centre of both the anterior and posterior
surface coils should be well aligned with the centre of the heart.
These specialised coils improve image quality and spatial resolution
while allowing for parallel imaging which decreases imaging time.
With advances in CMR technology, multiple clinical indications
have followed. Although there is overlap with other cardiac imaging
modalities, CMR often works in a complimentary fashion to these
other techniques or assists differential diagnosis. The strengths
of CMR lie in its ability to comprehensively image cardiac
anatomy, function, perfusion, viability and pathology, and put this
information in the context of the wide field of view of surrounding
vascular and non-cardiac anatomy. Finally, with appropriately
trained MR technologists and with suitable RF coils the CMR
imaging techniques described above can enhance speed, coverage
and anatomical detail all of which improve diagnosis which in turn
is transforming the world of CMR.
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SUMMARY OF ME

[ am a Senior Research Radiographer with over 6 years of
cardiac MR experience in both adults and neonates. I am
currently employed at Imperial College, London in an
academic role however [ also actively partake in scanning
weekly clinical CMR lists. My initial curiosity with the human
body and the ability to image and investigate it in detail is
what drew me to the profession over 10 years ago and this has

subsequently kept me interested ever since!

Giuliana Durighel
Senior MR Research Radiographer
Imaging Sciences Department. Imperial College, London.

UK
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Diffusion tensor imaging.
Technical considerations and
clinical applications.

Bougias Haralabos (1), Veliou Konstantia(2)
(1 RT(MR). University Hospital of Ioannina, Department of Radiology,
(@) Radiologist M.D.

Magnetic Resonance Imaging (MRI) techniques have been increasingly applied to
the study of molecular displacement (diffusion) in biologic tissue. The magnetic resonance

measurement of an effective diffusion tensor of water in tissues can provide unique biologically and clinically

relevant information that is not available from other imaging modalities. For this purpose Diffusion Tensor
Imaging (DTI) is applied. DTI is an MRI variation that may significantly improve our understanding of brain
structure and neural connectivity. DTI measures are thought to be representative of brain tissue microstructure

and are particularly useful for examining organized brain regions, such as white matter tract areas. The

resultant images display and allow for quantification of how water diffuses along axes or diffusion encoding

directions. Applications of DTI to tissue characterization are reviewed. The interpretations of common DTI
measures (mean diffusivity, ADC, fractional anisotropy, FA; radial diffusivity, Dr; and axial diffusivity, Da)are

discussed. Also the fiber tracking algorithms are presented.

Teyvikés amedviong payviukos ouvtoviopoy
éxyouv eqpappoolel yia ) peAétn g poprakig di-
dyyvom (diffusion) otoug wtove.H amewdvion tov
tavvoty didyvong (Diffusion tensor imaging) ma-
péxel KAVIKEG TIANPOQOpLEG TIOV dev elvar eQUCTEG
pe dMeg amewoviotkés pedédous .H amewcdvion
TOV TAVVOTTH HopLakiis Sudyvong PeAtdiver onpia-
VTIKA TNV Katavonom) g doprg Tov eykepdov kat
TG OLVOEOIPOTNTAG TV VEupIKAV vov. [tvetat
avagpopd otV Pektotomoinon tov TpeTokdAoL

kabdg emiong kat oG KAWIKEG EPappoOyEs.

Aéteic khedid: Khaopatkr| avicotporia,
deopdoypagia ,amedvion didyvong.

INTRODUCTION

A major challenge for neuroscience is to understand brain function
in terms of connectional anatomy and the dynamic flow of
information across neural networks. MRI now offers a noninvasive
approach called Diffusion Tensor Imaging(DTT). DTT has emerged
as a powerful method for investigating white matter architecture in
health and disease. Diffusion in tissue can be either anisotropic or
isotropic depending on the characteristics of the tissue. With DTI,
diffusion anisotropy effects can be fully characterized,providing
even more exquisite details on tissue microstructure . In this article
we present the technical aspects of DTI, fiber tracking algorithms
and clinical applications.

BACKGROUND

Diffusion is the Brownian motion (random movement of particles
suspended in a liquid or gas) of molecules that is driven by internal
thermal energy. The mobility of molecules can be characterized by
a physical constant, the diffusion coefficient D The MRI signal
attenuates in the presence of diffusion. The attenuation depends
on D, the b factor, which is determined by the strength of the
gradients G, the duration of the gradients A, and the amount of
time passing between the gradients 8. The signal attenuation A and
the b-factor are given by

A=exp(- bD)
b=-ﬁf;1;ﬁ(-:. 3‘)

The relationship between signal intensity S in diffusion weighted
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Fig 1 Eigenvalues and eigenvectors

MR image and the different parameters is given by,

§— 5,0 b(ADC)

wwhere SO is the signal intensity and ADC is the apparent
diffusion coefficient, that reflects molecular diffusivity in the
presence of restrictions, such as viscosity and spatial barriers. In the
presence of anisotropy, diffusion can no longer be characterized by
the constant D, but requires a tensor D. A tensor is a mathematic
construct that describes the properties of an ellipsoid in three-
dimensional space and is given by,

D Dxp [
D= ﬂ‘jru Dy_r D}&
D, D, D,

The diagonal elements of D represent the apparent diffusion
coefficient along the x, y, and z directions

(molecular mobility along each direction) while the off diagonal
elements represent the correlation between the diffusion in
perpendicular directions. The tensor D is symmetric

(Dy=Dj, i, j=x, ¥, 2, i #])

and positive definite. In order to determine tensor D one should
acquire diffusion-weighted images, by the application of at least
6 gradient directions, along with an image that is not diffusion
weighted (b0). The diagonalization of tensor D is necessary in order
to determine the basic diffusion directions. The diagonalization
leaves only three nonzero elements along the main diagonal of the
tensor
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& 00
D=0 i, 0
0 0 i

The diagonal elements, which are called eigenvalues, reflect
the shape of the ellipsoid and are the solution of the following
equation:

D-ill=0

An eigenvector vi corresponds to each eigenvalue li. The
eigenvector which corresponds to the largest eigenvalue will point
in the direction of the largest diffusion direction (Fig.1)

The eigenvector vi can be found by solving,

D—-Allv=0

ANISOTROPY INDICES

The DTI data can be analyzed in three ways to provide information
on microstructure and architecture for each voxel, and are expressed
by various indices. First, mean diffusivity characterizes the overall
mean-squared displacement of molecules and the overall presence
of obstacles to diffusion. Second, the degree of anisotropy describes
how much molecular displacements vary in space and is related to
the presence of oriented structures. The third way, that DTI can
be analyzed, is the main direction of

diffusivities, which is linked to the orientation, in space, of
structures. The most commonly used invariant indices are :Relative

anisotropy (RA),
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RA = ﬁ ."I':"-‘ = MD‘JEHJE - MD]’+|:_,1,3 B m]?
V3y MD’

Fractional anisotropy(FA)

B [(a — MDY 4(42 — MD)? 4+(43 — MD)’
FA= \V3\/ Y | z
\ R
Volume Ratio(VR)

j.r * .J.z X :‘_g
YR=——————o—
MD

Where MD= ({21 + 22 + 43)/3) is mean diffusivity.
Anisotropy maps are often color encoded to represent directional
information regarding the principal eigenvector (Fig.2)

IMAGING PROTOCOL

In order to extract all necessary informations from DTI data,
the full tensor must be determined. This is accomplished by
collecting a b0 image and diffusion weighted images along
six gradient directions, using diffusion-sensitized MRI pulse
sequences. Although the increase of the number of sensitizing
gradient directions improves the accuracy of diffusion tensor
estimates and fiber tracking applications the optimal number of
gradients and their orientation are under debate. However, for
most applications, many more images are usually required to
boost SNR to acceptable levels. It has been a common practice
simply to repeat acquisition of the same DWIs (ie, increasing
NEX) to achieve this. However, acquiring more distinct diffusion-
encoding directions without any repeated acquisitions is becoming
more widespread. The rationale for sampling more directions is
that this reduces the orientational dependence and increases the
accuracy and precision of diffusion tensor parameters such as
FA, mean diffusivity , the eigenvalues and eigenvectors. In other
words, measurement errors will not be as dependent on relative
orientation of the measured diffusion tensor compared with the
set of diffusion-gradient directions. According to 1 Monte Carlo
computer simulation study at least 20 unique directions are
necessary for a robust estimation of anisotropy, whereas at least 30
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Fig.2.. Quantitative maps from a diffusion tensor imaging (DTI) and
anatomical T1W image

directions are required for a robust estimation of tensor orientation
(ie, the primary eigenvector) and mean diffusivity. Thus, using
30 directions is recommended for routine clinical DTT studies as
long as time permits, and even more directions would be useful
primarily when more sophisticated diffusion modeling such as high
angular resolution diffusion imaging (HARDI) is contemplated to
better delineate connectivity in regions of complex white matter
architecture such as crossing fiber tracts .These methods generally
involve examining q-space, which contains the Fourier transform
of diffusion properties just as k-space in conventional MR images
contains the Fourier transform of magnetic properties . In addition
to optimizing the number of diffusion-encoding directions at high
b-values, there is a need to decide the best number of b0 s/mm2
T2-weighted image acquisitions, though image sets acquired at a
very low b-value are sometimes used instead to crush artifacts from
residual magnetization. This translates to having 1 low-b image
set for every 5-10 high-b image sets; hence, 3-6 low-b image sets
would need to be acquired in addition to 30 high-b diffusion
encoding directional images sets. For many routine clinical
applications (brain screening, stroke, brain tumors), a fairly coarse
spatial resolution can be used with a small number of encoding
directions. For applications requiring accurate quantification,

Acquiiition Parameler T 1.5T

ﬂflarailel factor 2 _2 .

Slice thickness 2.0 mm 2.5 mm

BAatrin 128 » 128 x 60 96 x 96 1 50

Field of view 256 mm 240 mim

# Diffusion-encoding directions 25 25

# b=0 Image sets 3 3

# repetitions (NEX) 1 1

bBevalue 1000 5fmm- 1000 5 fmirm

TESTR minf<l2 s min/<10 5

Total acguisition ime =7 min < min
Table 1
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Figure 3 Results of a deterministic fiber tracking algorithm.

however, such as quantifying changes in multiple sclerosis plaques
(MS), comparing DTT measures between different neurological
or psychiatric groups, quantifying DTI measures in very small
white matter tracts, or estimating white matter trajectories with

Fig.4 3T deterministic tractography
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white matter tractography, high spatial resolution is much more
important and a large number of diffusion encoding directions or
averaging is desirable. High-quality DTT data with whole-brain
coverage, 2.5-mm isotropic resolution and 64 diffusion encoding
directions may be obtained in 12-15 minutes on clinical 1.5-T
scanners. Similar DTT data quality may be achieved in 4-6 minutes
at 3.0 T. Subject motion during data acquisition may lead to signal
tissue misinterpretation. Therefore scan times are kept short by
using fast acquisition techniques such as echo-planar imaging.
Artifacts such as eddy currents are corrected during postprocessing
and can be further reduced with a modified acquisition. Pulsation
of cerebrospinal fluid can be corrected by using fluid-attenuated
inversion recovery diffusion weighted imaging or by using cardiac
gating. Susceptibility artifact is addressed by applying a multi-
shot diffusion protocol which does not introduce phase errors
from subject motion. Finally parallel imaging has proved useful
in reducing susceptibility artifacts in both single-shot and multi-
shot acquisitions.A common acquisition protocol for DTT images
optimized for 3T and 1.5T systems is provided in Table 1.

FIBER TRACKING ALGORITHMS

A number of methods for the tracking of the fibers within
white matter using DTT has recently been suggested. Methods
to reconstruct white matter tracts can be placed into two broad
categories: a) deterministic and b) probabilistic. Methods in the first
category based on line propagation algorithms that use local tensor
information for each step of propagation (Fig. 3). Methods in the
second category are based on global energy minimization to find
a path between two predetermined voxels with minimum energy
violation (Fig.4). Probabilistic methods are especially useful for
tracking through areas of lower anisotropy including gray matter.
Although tips for optimizing DT acquisition for fiber tracking
are similar to those for DTI optimization in general, there are a
few issues that are specific to fiber tracking. Unlike routine clinical
DTI, acquisitions for fiber tractography must be contiguous in 3D,
with no gaps between sections. Another point is that making the
voxel isotropic is more important with fiber tracking. This generally
requires much thinner sections and, therefore, many more sections
for whole-brain coverage than with routine clinical DTI. With
these thinner sections it is typical to interleave the acquisition to
prevent cross-talk between adjacent contiguous sections.
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INTERPRETATION OF DTI MEASURES

The interpretation of changes in the measured diffusion tensor
is complex and should be performed with care. Many published
research studies have focused primarily on the diffusion anisotropy
(usually the FA), which may not be enough to characterize the
tissue changes. For example white matter (WM) neuropathology
often causes the anisotropy to decrease, which may result from
increased radial (perpendicular) diffusivity, reduced axial (parallel)
diffusivity or both. Measurements of the MD or ADC may
help to better understand how the diffusion tensor is changing.
Alternatively more recent studies have started to examine
measurements of either the eigenvalues or the radial and axial
diffusivities directly, to provide more specific information about
the diffusion tensor. Interpretation is further complicated by the
sensitivity of the diffusion tensor and the anisotropy in particular,
to a broad spectrum of other factors, including image noise
artifacts (eg., misregistration from eddy currents or head motion),
partial volume averaging between tissues in large voxels and
regions of crossing WM tracts. Within healthy WM, FA can
range between values of 0.1 to almost 1.0  and much of this
variation is caused by crossing WM fibers. In the absence of other
information FA is thus a highly sensitive but fairly nonspecific
biomarker of neuropathology and microstructural architecture.
Use in combination with other imaging measures (e.g. perfusion,
spectroscopy) may help to improve the specificity of DTI in
complex diseases.

CLINICAL APPLICATIONS:

Demyelination and dysmyelination

Early studies demonstrated that the parallel organization of
white matter fiber bundles is the basis for diffusion anisotropy,
whereas myelin appears to modulate the amount of anisotropy.
Nearly all studies of myelination with normal brain development
or demyelination with disease-related processes have found less
diffusion anisotropy when axons are less myelinated.

Regardless of the specific mechanisms, in comparison to the
diffusion anisotropy, the axial and radial diffusivities (or diffusion
eigenvalues) provide more specific information about diffusion
tensor changes or differences. Recently, more studies have started
to examine the axial and radial diffusivities using DTI. Increased
radial diffusivities have been observed in high anisotropy WM of
patients with relapsing-remitting MS, in periventricular frontal
WM in early Alzheimer’s disease , in periventricular WM of
patients with hydrocephalus, in remaining corpus callosum WM
tracts post corpus callosotomy, in extratemporal WM in patients
with temporal lobe epilepsy, in the genu of the corpus callosum
of cocaine addicts and in the corpus callosum of subjects with
autism. In many of these cases, myelination may play a significant
modulatory role in the radial diffusivity.

Edema

The effects of edema on DTT measurements are similar to that of
inflammation, as one would expect: the MD is increased and the
anisotropy is decreased. This pattern of DTI measures is a general
hallmark of many disease and injury processes, limits the specificity
of DTT measurements. One observation of note is that, although

Fig.5. 3D Fiber tracking in patient with glioblastoma

the anisotropy is reduced, the directional patterns of the affected
WM tracts appear unaltered, whereas glioma infiltration may
cause alterations in the WM fiber orientations.

Ischemic stroke

Recent studies have shown that the FA appears to increase in acute
lesions and decrease below baseline levels in the chronic phase.
Investigations of specific eigenvalues appear to show decreases in
the first and second (largest and medium) eigenvalues during acute
ischemia, relative to the contralateral hemisphere.

Fig.G. Pattern 1 in patient with cystic astrocytoma
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Fig.7 Pattern 4 comlpete disruption of superior

Neoplasia and Surgical interventions

Much of this work focuses on using DT maps and tractography
to help localize WM fiber tracts that are important for such
critical functions as motion, language and vision. Armed with
this information, the neurosurgeon can plan surgical procedures
that will minimize injury to critical tracts (Fig.5). DTI has also
been applied to characterize tissues, albeit with limited success.
The heterogeneity of brain tumors in the presence of complex
environments (e.g., edema, mass effects) and the inherent
heterogeneity of diffusion anisotropy in normal white matter
reduces the overall specificity of DTT measures. The directional
color maps with FA incorporated by way of color intensity
modulation provided a concise, readily interpretable summary of
the anisotropic diffusion characteristics of tumor-altered WM fiber

Fig.7 3D fiber tracking region of corona radiata

tracts and revealed four basic DTT patterns.

Fiber tracts showing Pattern 1 (Fig.6) were characterized by normal
or mildly decreased FA (<25%) and normal or mildly increased
ADC (<25%) relative to the homologous tract in contralateral
hemisphere, with abnormal location and/or direction resulting
from bulk mass  displacement . Patterns 2 and 3 both were
characterized by substantially decreased FA  but differed in their
appearance on directional color maps. Whereas Pattern 2 tracts
were normal in location and direction (i.e., showed normal color
hues), Pattern 3 tracts exhibited abnormal hues not attributable
to bulk mass displacement. Pattern 2 was observed in peritumoral
WM tracts that showed probable vasogenic edema without tumor
(the solitary metastases). Pattern 4 was characterized by isotropic
or near-isotropic diffusion, such that the tract was not identifiable

Fig.8. Combined Pattern 2 and 3. 2d fiber tracking and F.A.color map superimposed on T1w image with GD.
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on FA or directional color maps (Fig 7). It should be noted that
combinations of the above patterns may occur; for example, a
combination of Patterns 1 and 2 may be observed in a tract that
is both displaced and edematous. It should also be noted that the
effects of tumor on  adjacent WM tracts may manifest at some
distance from the tumor (Fig.8)

DTT has been used widely for mapping WM anatomy prior to
surgery. This assists the clinical intervention team with localization
of critical white matter pathways to minimize damage to these
areas. These pathways may be visualized using either color
eigenvector maps or tractography. DTT and tractography have also
been implemented in the intraoperative setting to facilitate real-
time WM tract mapping, to compensate for shifting tissues during
the surgery. These visualization techniques have also been applied
after surgical intervention to assess the effects of the surgery on the
WM tracts.

Radiation treatment in neoplasia
Several studies have demonstrated that radiation therapy decreases
the FA of affected WM regions. This decrease in FA appears to be

related to the overall radiation dose and so may be used to assess
dose distribution. The ADC and FA measures also appear to be
promising for differentiating between recurrent brain tumors and
radiation injury in regions of new contrast enhancing lesions.

CONCLUSIONS

DTI is the only noninvasive approach available to track white
matter fibers, therefore has a tremendous impacts on the brain
function studies. One of the most interesting applications, apart
from fiber tracking, is the integration of tractography with
functional imaging. Activation maps are the natural complement
of tractography. This combination will open a window on the
important issue of brain connectivity. Crossing white matter
tracts may be detected and resolved using HARDI/QBI methods,
diffusion spectrum imaging or new diffusion imaging models.
The use of multiple DT measures, such as various combinations
of MD, FA, Dr, and Da or the application of DTT in combination
with other quantitative imaging modalities (e.g., magnetization
transfer, T1, T2, spectroscopy, perfusion) may help to improve
the specificity of tissue pathology.
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KATANOMH EIKATEEZETHMENQN XY2THMATQN MATNHTIKHY TOMOIPA®IAX

2TON IAIQTIKO KAT AHMOZIO TOMEA

T'ENIKO NOXZ. AGHNOQN 'TENHMMATAX AGHNA PHILIPS ACHIVA 1.5T 2007
APETAIEIO ITAN. NOZOKOMEIO AG®HNA PHILIPS INTERA POWER 1.5T 2000
IKA 60 OI'KOAOI'TKO NOZOKOMEIO AG®HNA SIEMENS SYMPHONY 1.5 T 2008
IKA 70 NOZOKOMEIO AGHNA PHILIPS NT15 Power 2001
KAT AG®HNA PHILIPS NT15 2001
NOZOKOMEIO E. NTYNAN AGHNA PHILIPS INTERA MASTER 1.5T 1998
NOXZOKOMEIO E. NTYNAN AGHNA PHILIPS INTERA OMNI 1.0T 2003
NOZ. ITAIAQN AT'TA ZODIA AGHNA SIEMENS HARMONY 1.0T maestro 1999
YIEMANOIAEIO NOXOKOMEIO AGHNA GE Healthcare SIGNA INFINITY 1.5 T 2003
NAYTIKO NOZOKOMEIO AOGHNON AGHNA GE Healthcare SIGNAHDi 1.5T 2008
401 I'XNA AGOHNA PHILIPS INTERA MASTER 1.5T 2001
251 ITNA A®HNA SIEMENS SONATA 1.5T 2002
ITEP. NOX. EYAITEAIZMOX AOHNA GE Healthcare SIGNA EXCITE 1.5T 2004
NOZ. EPYOPOX XTAYPOX AGHNA SIEMENS AVANTO 1.5T 2004
ATTIKO NOXOKOMEIO AGHNA PHILIPS INTERA POWER 1.5T 2003
NOXZOKOMEIO AI'TOI ANAPI'YPOI AGHNA PHILIPS ACTIVA 1.5T 2008
ITOAYKAINIKH OAYMITIAKOY XQPIOY AG®HNA PHILIPS INTERA STELLAR 1.0T 2004
EYT'ENIAEIO - AI'HNITEIO AG®HNA PHILIPS INTERA 3T 2010
ATTIKH IATPIKH AGHNA SIEMENS IMPACT 1.0T 2005
OEPAIIEYTIKO KENTPO “YTEIA” AGHNA PHILIPS T5 UPGRADE TO NT5 1990
OEPAIIEYTIKO KENTPO YTEIA AGHNA PHILIPS INTERA 1.5T 2004
X. XPHZTOY AGHNA PHILIPS NT POWER 1.0T 1998
X. XPHITOY AGHNA ESAOTE ARTSCAN 2007
BIOKAINIKH AGHNOQN AGHNA PHILIPS ACHIVA 1.5T 2007
EUROMEDICA AGHNAION AGHNA PHILIPS NT10 1.0T 1995
EUROMEDICA AT'TOX ANTQNIOZ AG®HNA GE Healthcare SIGNA 1.5T 2006
EUROMEDICA ITAA. PAAHPOY II.OAAHPO GE Healthcare SIGNA HDi 1.5T 2008
NOZOKOMEIO IAXQ AGHNA SIEMENS AVANTO 1.5T 2010
IATPIKO KENTPO IIIIIOKPATHX AGHNA PHILIPS T5I10.5T 1995
IATPOITIOAIZ (MAI'NHTIKH TOMOI'PA®) AGHNA SIEMENS SONATA 1.5T maestro 2002
IATPOIIOAIZ (MAI'NHTIKH TOMOI'PA®D) AGHNA SIEMENS SYMPHONY 1.5 T maestro 1999
IATPOIIOAIZ (MAI'NHTIKH TOMOI'PA®D) A®HNA SIEMENS SYMPHONY 1.5 T maestro 2001
IATPOIIOAIZ (MAI'NHTIKH TOMOI'PA®D) AG®HNA SIEMENS AVANTO 1.5T 2001
IATPOIIOAIZ (MAI'NHTIKH TOMOI'PA®D) AG®HNA SIEMENS AVANTO 1.5T 2009
TIATPOIIOAIZ (MAI'NHTIKH TOMOI'PA®D) AGHNA SIEMENS ESPREE 1.5T 2006
TATPOIIOAIZ (MAI'NHTIKH TOMOI'PA®D) AGHNA SIEMENS SOMATOM TRIO 3T 2007
IATPOITIOAIZ (MAI'NHTIKH TOMOI'PA®) AGHNA SIEMENS MAGNETOM SKYRA 3.0 T 2010
IATPOITIOAIZ (MAI'NHTIKH TOMOI'PA®) AGHNA ONI MED./ GE MSK EXTREME 1.5T 2009
IATPIKO AGHNOQN AGHNA SIEMENS SONATA 1.5T 1995
IATPIKO AGHNQN AGHNA SIEMENS AVANTO 1.5T 1998
IATPIKO ITAAAIOY PAAHPOY AGHNA GE Healthcare SIGNA Hde 1.5T 2009
EYPQKAINIKH AG®HNA SIEMENS SYMPHONY 1.5T maestro 1997
MAIEYTHPIO MHTEPA AG®HNA PHILIPS PANORAMA AMBIENT 2007
AIATNQXETIKO BABYMED AGHNA GE Healthcare SIGNA INFINITY 1.5T 2005
MEDITERRANEO AGHNA PHILIPS INTERA 1.5T 2005
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HAEKTPONIKH AIAINQEH AGHNA PHILIPS INTERA OMNIL.0T 2000
KYANOYZ XTAYPOZ A®HNA PHILIPS ACHIVA 1.5T 2007
T'ENIKH ATIEIKONIZTIKH —XTPIT'TAPHE A®HNA SIEMENS AVANTO 1.5T 2007
METROPOLITAN HOSPITAL IEIPAIAX SIEMENS SYMPHONY 1.5 T maestro 2000
METROPOLITAN HOSPITAL IEIPAIAXZ SIEMENS AVANTO 1.5T 2008
PEATYNAIKOAOTI'IKH KAINIKH AMOIGEA PHILIPS PANORAMA 1.0T 2010
BIOIATPIKH AITAAEQ AGHNA SIEMENS VISION 1.5T 2005
KAINIKH TAAHNOZX AGHNA SIEMENS IMPACT 1.0T 2003
AIATNQXTIKH @EPAIIEYTIKH AGHNA GE Healthcare SIGNA INFINITY 1.5T 2005
EUROMEDICA ET'KEDAAOZ A®HNA GE Healthcare SIGNAHDx 1.5 T 2007
EUROMEDICA EI'’KEDGAAOX AGHNA GE Healthcare SIGNAMRI1.5T 2003
EUROMEDICA ITIKEPMI TMIKEPMI GE Healthcare SIGNA MRI 1.5T EXCITE 2007
EUROMEDICA TAAATZI TAAATZI GE Healthcare SIGNAEXCITE 1.5T 2007
AIAI'N. KENTPO I'EQPTAKOIIOYAOX AGHNA SIEMENS IMPACT 1.0T 2005
HAIOIIOYAOX AZONIKH ITATHXIQN AGHNA PHILIPS T50.5T 2004
A®HNAION IMMATKPATI HITACHI APPERTO OPEN 0.4T 2007
BIOIATPIKH ITATTAAA A®HNA ONI-GE MSK EXTREME 1.0T 2010
BIOATPIKH AMITEAOKHIIOQN AGHNA GE Healthcare SIGNA 1.5T DXi 2007
BIOIATPIKH AITAAEQ XAIAAPI PHILIPS ACHIVA 1.5T 2007
BIOIATPIKH MIXAAAKOITIOYAOY IAIZIA PHILIPS INTERA CV 1.5T 2001
BIOIATPIKH MIXAAAKOIIOYAOY IAIZIA GE Healthcare SIGNA HDXt 2007
BIOIATPIKH KHOIXIAX AGHNA PHILIPS INTERA 1.5T INFINITY 2009
BIOIATPIKH KHOIZIAY AGHNA GE Healthcare MR750 3T 2009
BIOIATPIKH AAIMOY AAIMOZ GE Healthcare SIGNAHDx 1.5 T 2007
BIOIATPIKH AAIMOY AAIMOZ PHILIPS INTERA OMNI 1.5T 2002
BIOIATPIKH (AEYKOZX XTAYPOY) AG®HNA PHILIPS PANORAMA 0.23T 2004
BIOIATPIKH IIEPIZTEPIOY TEPIXTEPI GE Healthcare SIGNA INFINITY I 1.5T 2006
IONIO ®EPAIIEYTHPIO N. IONIA GE Healthcare SIGNA PROFILE 2007
AGHNAIKH IATPIKH AGHNA SIEMENS IMPACT 1.0T 2003
AIATNQXH AAEEANAPAX AGHNA TOSHIBA VANTAGE XGV 1.5T 2007
IQNIA IATPIKH EAEYXINA EAEYZINA TOSHIBA OPART 0.35T 2001
EUROMEDICA IQNIA AZXIIPOITYPI'OZ TOSHIBA EXELART XG 2008
AIATNQXTIKO KENTPO TAYDAAAX A®HNA TOSHIBA MRT50 FLEXART 2001
AIATNQZXTIKO KENTPO IIIIIOKPATHZE AGHNA PHILIPS OUTLOOK 0.35T 2003
AIATNQXETIKO KENTPO ITIITOKPATHX AGHNA SIEMENS HARMONY 1.0T 2007
KENTPIKH KAINIKH AGHNQN AGHNA SIEMENS AVANTO 15T 2010
EUROMEDICA EAAHNIKO AGHNA GE Healthcare HORIZON LX 1.0T 2002
EUROMEDICA AT'TA ITAPAXKEYH AT TTIAPAZKEYH GE Healthcare SIGNA HDe 1.5T 2006
IAXQ GENERAL AGHNA SIEMENS SYMPHONY 1.5T 2001
KENTPO I'AYOAAAX ANQ TAYOAAA SIEMENS SYMPHONY 1.5T 2009
AIAT. KENTPO AT ANAPTYPON A®HNA GE Healthcare SIGNAMRI1.5T 2002
AKTINOAIATNQZH AE AGHNA GE Healthcare SIGNAHORIZON 1.5 T 1994
KAINIKH AEYKOZX XTAYPOX AGHNA PHILIPS INTERA1.0T 2005
KOXMOIATPIKH KOAIATZOY SIEMENS SYMPHONY 1.5T 2009
TAAHNOZ AIATNQXETIKO KENTPO IMATKPATI SIEMENS IMPACT 1.0T 1998
TAAHNOZ AIATNQETIKO KENTPO IMMATKPATI SIEMENS SYMPHONY 1.5T 2007
TAAHNOZ AIATNQETIKO KENTPO IMATKPATI SIEMENS SYMPHONY 1.5T 2007
TAAHNOZ AIATNQETIKO KENTPO TAYOAAA SIEMENS ESSENZA 1.5T 2009
AKTINOAIATNQXZH AE TIEIPAIAX GE Healthcare SIGNAMRI 1.5 T 2000 %
BOYTTOYKAAKEIO KENTPO AGHNA SIEMENS HARMONY 1.0T 2009 E
KAINIKH TAEIAPXEX IEPIZTEPI PHILIPS INTERA 1.5T 2004 I:\
IATPIKH ®PONTIAA N. XAAKHAQNA TOSHIBA EXCELART 1.5T 2009 §
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EYPOAIAINQXH NIKAIA SIEMENS IMPACT 1.0 T 2000
ATIEIKONIEZTIKH XAAATZHXE ITEIPAIAX SIEMENS IMPACT 1.0 T 2003
AIATNQXETIKH TOMOI'PA®IA TTIEIPAIA ITEIPAIAX GE Healthcare SIGNAEXCITE 1.5 T 2006
ITIITOKPATHE MAI'NHTIKH TOMOI'PA® IIEIPAIAZ HITACHI APPERTO OPEN 0.4T 2008
BIOAIAI'NQETIKH IIEIPAIAZ HITACHI APPERTO OPEN 0.4T 2008
BIOKAINIKH ITEIPAIA ITEIPAIAX GE Healthcare

IATPIKH AIAXTAZH (EYPQIATPIKH) BAPH SIEMENS SYMPHONY 1.5T 2003
ITANOIIOYAOZ MENIAIL GE Healthcare SIGNA PROFILE 0.2 T 2007
KAPAMHNAZY — AZKAHIIEIOZ XATAAPI SIEMENS VISION 1.5T 2008
KAPAMHNAY — AZKAHIIEIOZ KEPATXINI SIEMENS VISION 1.5T 2009
KAPAMHNAY — AZKAHIIEIOX KOPQITL SIEMENS VISION 1.5T 2009
YHOIAKH ATAXTAXH KOPQIII SIEMENS IMPACT 1.0T 2009
MEXZOI'EIA IAZH IMTAAAHNH SIEMENS IMPACT 1.0T 2000
XAKAPEAAOZ ANOIZH ATTIKHX GE Healthcare SIGNA PROFILE EXC 0.2T 2007
IATPIKH AIATNQXH AXAPNAI AXAPNAI SIEMENS IMPACT 1.0T 2008
AIATNQXETIKO KENTPO PAOHNAX PA®HNA GE Healthcare SIGNAMRI 15T 2009
I'ENIKO NOZOKOMEIO IIITOKPATEIO OEZZAAONIKH SIEMENS SYMPHONY 1.5 T maestro 2003
AXETIA OEZZAAONIKH PHILIPS GYROSCAN 1.5 TACSII 1992
NOZOKOMEIO ITATIATEQPTTIOY OEZZAAONIKH PHILIPS ISIGNIA 3.0T 2011
IKA 2° NOZOKOMEIO GEX/NIKHX OEXZAAONIKH SIEMENS HARMONY 1.0 T 2002
I'ENIKO NOZ. TTAITANIKOAAOY OEZXAAONIKH SIEMENS SYMPHONY 1.5 T maestro 2003
424 TXNEO OEZXAAONIKH SIEMENS AVANTO 1.5T 2010
APIZTOTEAEIO — AZKAHIIIOX OEZXAAONIKH GE Healthcare SIGNAEXCITE1.0T 2004
APIZTOTEAEIO — AZKAHIIIOX OEZZAAONIKH GE Healthcare SIGNAEXCITE 15T 2006
BIOIATPIKH EYOXMOY OEZZAAONIKH SIEMENS VISION 1.5T 2005
IMAATON ®OEZZAAONIKH PHILIPS INTERA 1.5T 2008
KEAEMOYPIAHX OEXZAAONIKH PHILIPS NTO5 1995
BIOIATPIKH EYOXMOY OEZXAAONIKH GE Healthcare PROFILE 0.25T 2008
BIOIATPIKH KAAAMAPIAX OEZXAAONIKH PHILIPS INTERANOVADUAL 15T 2004
BIOIATPIKH ZEHPOKPHNHX OEZXAAONIKH GE Healthcare SIGNA EXCITE EXP. 1.5T 2008
XYTI'’XPONH IATPIKH AIAI'NQXH OEZXAAONIKH SIEMENS IMPACT 1.0 T 2004
AZEONIKH AIAINQEH OEZZAAONIKH GE Healthcare VECTRA 05T 2003
AIABAAKANIKO OEZZAAONIKH SIEMENS SYMPHONY 1.5T 1999
ATABAAKANIKO OEZZAAONIKH SIEMENS MAGNETOM OPEN 0.2 T 1999
ATABAAKANIKO OEZZAAONIKH GE Healthcare SIGNA HDxt 3.0T 2009
AAEZANAPEIO EUROMEDICA OEZXAAONIKH GE Healthcare SIGNA EXCITE 1.5T 2008
EUROMEDICA ITYAHX AZIOY OEZXAAONIKH GE Healthcare SIGNA INFINITY 1.5 T/2005 2007
EUROMEDICA XTAYPOYIIOAHZ OEZXAAONIKH GE Healthcare SIGNA 1.5T 2008
EXPRESS SERVICE OEZZAAONIKH HITACHI APPERTO OPEN 0.4T 2009
MIIEKIAPIAHY I[TAZXAAHX OEZZAAONIKH GE Healthcare SIGNA EXCITE 1.5T 2009
AZKAHITIOZ EYOEMOY OEZZAAONIKH GE Healthcare SIGNA EXCITE 1.5T 2009
KAINIKH ATTOX AOYKAX OEZZAAONIKH SIEMENS AVANTO 1.5T 2006
BIOKAINIKH GEXXAAONIKHXZ OEZXAAONIKH PHILIPS ACHIVA 1.5T 2007
EYPQIATPIKH @EXXAAONIKHX OEZXAAONIKH GE Healthcare SIGNAEXCITE 15T 2007
MIZOQMENEZX EZOITAIZTIKEY EPAPM OEZXAAONIKH GE Healthcare SIGNAEXCITE 1.5 T 2007
KAINIKH AT'TOX 'EQPTIOZ OEZXAAONIKH SIEMENS HARMONY 1.0T

TOMOI'PA®IA AE (NIKOAOIIOYAOXY) OEZZAAONIKH SIEMENS AVANTO 1.5T 2008
TI'ENIKH ATIEIKONIXTIKH ©OEX/NIKHX OEZZAAONIKH SIEMENS AVANTO 1.5T 2008
KAINIKH ATTOX ITAYAOX OEZZAAONIKH SIEMENS AVANTO 1.5T 2009
OPONTIAA YTEIAX OEZZAAONIKH GE Healthcare SIGNA 15T 2009
YI'EIA AMITEAOKHIIQON OEXXAAONIKH GE Healthcare SIGNA EXCITE 1.5T 2009
OPOGOMAI'NHTIKH OEZXAAONIKH FONAR UPRIGHT MULTI-POSITION 2011
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[IANEITIETHMIAKO NOE. PIOY [TATPAE | TIATPA PHILIPS INTERA OMNI 1.0 T 2001
®PONTIAA YTEIAS TIATPA SIEMENS SONATA 1.5T 2007
B. AIATNQEH TIATPA SIEMENS SYMPHONY 1.5T 2009
B AIATNQEH AITTOY AITIO SIEMENS IMPACT 1.0 T 2007
MATNHTIKH [TATPAYS [IATPA GE Healthcare | SIGNA HDx 1.5 T/2003 Up 2007
MATNHTIKH [TATPAS [IATPA GE Healthcare | OPTIMA MR 450W 1.5T 2010
OAYMITION TIATPA SIEMENS SYMPHONY 1.5T 2005
OAYMITION TIATPA SIEMENS CONCERTO 0.35T 2005
IKA [TATPAE TIATPA SIEMENS HARMONY 1.0 T | 2002 |
IATPIKH TOMOTPA®IA NAYIIAKTOE SIEMENS IMPACT 1.0T 2007
MANEITIETHMIAKO NOE. AAPISAS AAPIZA GE Healthcare  SIGNA HDx 3.0T 2008
[IAPAGESTAS AAPIZA SIEMENS AVANTOL.5T 2008
TEN. NOE. AAPIZAS AAPIZA PHILIPS INTERA 1.0T SD 1996
AIATNQSH AAPIZAS - EUROMEDICA AAPIZA SIEMENS VISION 1.5 T 2001
AIATNQSH AAPIZAS - EUROMEDICA AAPIZA SIEMENS AVANTO 1.5T 2008
AEKATZAS AAPIZA PHILIPS T5110.5T 2001
YTEIA MATNHTIKH AIATNQEH AAPIZA PHILIPS ACHIVA 1.5T 2007
IATQ OESAAIAT AAPIZA SIEMENS AVANTO 1.5T 2009
EUROMEDICA KPHTHE HPAKAEIO SIEMENS AVANTO 1.5T 2007
CRETA INTERCLINIC HPAKAEIO SIEMENS ESSENZA 1.5T 2010
[IANEITIETHMIAKO NOE. HPAKAEIOY HPAKAEIO SIEMENS SONATAL.5 T maestro 1996
IATPIKO KPHTHE (EYPQIATPIKH) HPAKAEIO GE Healthcare | SIGNAHDx 1.5 T 2007
EYPQIATPIKH HPAKAEIO ONI - GE MSK EXTREME 1.5T 2010
ASKAHIIEIOE HPAKAEIO PHILIPS ACHIVA 1.5T 2007
TENIKH KAINIKH TPIKAAQN TPIKAAA SIEMENS IMPACT 1.0 T 2003
AIATNQETIKO KENTPO KAPAITANOS TPIKAAA SIEMENS IMPACT 1.0 T 2007
AIAKOMANQAHE TPIKAAA PHILIPS T50.5T 2004
[IANEIIETHMIAKO NOZ. IQANNINON | IQANNINA PHILIPS INTERA MASTER 1.5 T 1994
TENIKO NOZOKOMEIO XATZHKQSTA IQANNINA SIEMENS AVANTO 1.5T 2009
TAAHNOZ HITEIPOY IQANNINA PHILIPS INTERA STELLAR 1.0 T 2003
MATNHTIKH TOMOI'PA®IA HITEIPOY IQANNINA SIEMENS ESSENZA 1.5T 2010
IMMOKPATEIO AIATNQETIKO EPTAST IQANNINA PHILIPS INTERA MASTER 1.5T 2006
AIATNQSH (ITEITONA) IQANNINA ESAOTE 2007
OAYMITION IQANNINON IQANNINA SIEMENS MAGNETOM C 0.35T 2011
AIATNQETIKO KN. @ESIIPQTIAL YTEIA | HTOYMENITZA SIEMENS HARMONY 1.0T 2009
TIANEIL NOT. AAEEANAPOYTIOAHE AAEEANAPOYTIOAH | GE Healthcare | SIGNA INFINITY 1.0 T 2001
MEDINET AAEEANAPOYTIOAHS AAEEANAPOYTIOAH | PHILIPS ACHIVA 1.5T 2010
AKTINOAIATNQETIKO EPTAXTHPIO AAEEANAPOYTIOAH | SIEMENS HARMONY 1.0T 2004
NIKOAAOS [TANTAZHS OPEXTIAAA SIEMENS HARMONY 1.0T 2008
AIATNQSTIKO KENTPO KOMOTINHE KOMOTHNH PHILIPS INTERA 1.0 T 2007
AHMHTPIAAHE EENOOON KOMOTHNH GE Healthcare | SIGNA INFINITY 1.0 T 2002
AIATNQETIKO KENTPO SANOH SIEMENS IMPACT 1.0 T 2003
ATATNQETIKO KENTPO ATKAHITEIOE EANGH SIEMENS AVANTO 1.5T [2011 |
AIATNQETIKO KENTPO ASKAHIIEIOX SANOH GE Healthcare | SIGNA INFINITY 1.5T 2005
MATNHTIKH TOMOTPA®IA BOAOY BOAOT GE Healthcare | SIGNA INFINITY 1.5 T 2004
IATPIKH ATIEIKONIZH BOAOY BOAOT PHILIPS ACHIVA 1.5T 2008
AIATNQSTIKO KENTPO BOAOX SIEMENS ESSENZA 1.5T 2010
TENIKO NOSOKOMEIO KAPAITEAS KAPAITZA GE Healthcare | SIGNA EXCITE 1.5 T 2005
MIIOAQTHE OQMASE KAPAITZA PHILIPS T5100.5T S
EUROMEDICA KAPAITEA GE Healthcare | SIGNA HDe 1.5T 2009 | 3
KAPAITEA SIEMENS SONATA 1.5T 2010 \‘3
KQNETANTINIAHE XAAKIAA GE Healthcare | SIGNAMRI 1.5T 2003 [:§
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AKuvorexv

AKTINOAIATNQEH XAAKIAAS XAAKIAA SIEMENS HARMONY 1.0 T 2000
[IPOMITONAS. XAAKIAA SIEMENS IMPACT 1.0T 2001
KAPAITANATOS XAAKIAA GE Healthcare | SIGNAMRI 1.5 T 2009
IATPIKO @HBAX ©HBA SIEMENS HARMONY 1.0T 2007
AIATNQEH — TEISMANIAHE KIAKIZ SIEMENS IMPACT 1.0 T 2005
AIATNQEH — TEISMANIAHE KIAKIZ SIEMENS IMPACT 1.0 T 2005
AIATNQETIKO KOPINOOY KOPINOOX PHILIPS T50.5T 2001
MATNHTIKH [TEAOITONNHEOY KOPIN®OX GE Healthcare | SIGNA INFINITY 1.5 T 2004
IQNIA EUROMEDICA KOPIN@OY KOPIN®OX TOSHIBA VANTAGE 1.5T 2009
IATPOS. [TAQTAS AOYTPAKI SIEMENS AVANTO 1.5T 2008
MATNHTIKOZ TOMOTPA®OX KABAAAY | KABAAA GE Healthcare | SIGNA MRI 1.5 T EXCITE 2009
MEDINET EUROMEDICA KABAAAY KABAAA SIEMENS SONATA 1.5T 2010
MEDISCAN NAYTIAIO SIEMENS VISION 1.5T 2007
MESIHNIAKH AIATNQSH (AATAAMEP) | KAAAMATA SIEMENS SYMPHONY 1.5T 2010
AIAINQETIKO KENTPO MESSHNIAY KAAAMATA PHILIPS ACHIVA 1.5 T 2004
TENIKO NOX. POAOY POAOX PHILIPS INTERANOVADUAL 15T | 2004
AIATNQSTIKES AITEIKONHSEIS AITAIOY | POAOS PHILIPS NT 1.0 T SD 2004
EUROMEDICA T'ENIKH KAINIKH AQAEK ~ POAOX GE Healthcare  SIGNA INFINITY 1.5T 2006
MEDLIFE — XTAYPOYAHE POAOX TOSHIBA VANTAGE 1.5T 2009
IATPIKO XANIQN XANIA GE Healthcare | SIGNA INFINITY 1.5 T 2005
KAINIKH TABPIAAKH XANIA SIEMENS SYMPHONY 1.5 T maestro | 2005
OAYMITION XANIQON XANIA SIEMENS MAGNETOM C 0.35T 2007
EUROMEDICA PEOYMNOY PEOYMNO SIEMENS SYMPHONY 1.5T 2008
ITANAPKAAIKH MEPIMNA TPITIOAH SIEMENS IMPACT 1.0 T 2005
TENIKO NOZOKOMEIO TPIITOAHS TPIIIOAH GE Healthcare | SIGNA EXCITE 1.5 T 2004
KAINIKH TPITTOAHE TPITIOAH SIEMENS HARMONY 1.0T 2009
IATPIKH AIATNQEH APAMAS APAMA PHILIPS INTERA 1.5T 2009
XIQZOTIOYAOZ AXIAAEAS APAMA SIEMENS IMPACT 1.0 T 2007
MAPIZHE SEPPES SIEMENS ESSENZA 1.5T 2009
ASKAHIIIOE — ANAXTAZOIIOYAOY TIPEBEZA SIEMENS IMPACT 1.0 T 2006
KQETAS AAEZIOY — O. TEPOBASIAH APTA PHILIPS NT1010T 2010
MEDIPARTNERS-IATPIKH AIATNQSTIKH | APTA GE Healthcare | SIGNA HDe 1.5T 2009
KAINIKH AAEEOTIOYAOS ATPINIO SIEMENS VISION 1.5 T 2005
AZONIKH TOMOTPA®IA ATPINIO SIEMENS HAPMONY 1.0 T 2008
ATATNQETIKO KENTPO BEPOIAY BEPOIA SIEMENS HAPMONY 1.0 T 2008
YTEIA MATNHTIKH AIATNQEH MITOAEMAIAA PHILIPS INTERA STELLAR 1.0 T 2000
IMMOKPATHE KOZANHE KOZANH SIEMENS ESSENZA 2009
ATATNQETIKH KOZANHE KOZANH GE Healthcare | SIGNA HDe 2006
PIERIA MEDICAL KATEPINH GE Healthcare | SIGNA INFINITY 1.5 T 2004
KAINIKH BEAIKH KATEPINH GE Healthcare | SIGNA 1.5T 2007
IATPIKO KENTPO MOYAANIA SIEMENS HAPMONY 1.0 T 2007
AIATNQSTIKO KENTPO AEIBAAIAS AEIBAAIA SIEMENS IMPACT 1.0 T 2004
KAINIKH IITTIOKPATHE MYPIOX SIEMENS VISION 1.5 T 2005
TENIKO NOXOKOMEIO KEPKYPAX KEPKYPA SIEMENS SYMPHONY 1.5 T 2010
AIATNQETIKO KEPKYPAY KEPKYPA SIEMENS IMPACT EXPERT 1.0 T 2001
IATPIKH BIOITPOINQSH KEPKYPA PHILIPS INTERA 1.5T 2007
AIATNQETIKO KENTPO MYTIAHNHE MYTIAHNH GE Healthcare | SIGNA INFINITY 1.5 T 2005
MATNHTIKH TOMOI PA®IA AESBOY MYTIAHNH SIEMENS IMPACT 1.0 T 2007
AIATNQSETIKO SAMOY ITAITAIQANNOY | SAMOX SIEMENS HARMONY 1.0 T 2006
MATNHTIKH TOMOT PA®IA XIOY XIOZ SIEMENS MAGNETOM C 0.35T 2009
T\Aﬂlﬁg\l\{gﬁg&m KENTPO A XIOZ GE Healthcare | SIGNA MRI 1.5T 2010
IATPIKO KENTPO NAZOX PHILIPS INTERA 1,5T 2011

ITyyij: The Scaner

> 09



Karokaip 2

AKuvotexvoroyia

AAEIOEPOIIOYAOZ XITAPTH SIEMENS VISION 1.5T 2007
IATPIKO XITAPTHX XITAPTH GE Healthcare SIGNA INFINITY 1.5 T 2008
KOYTPOYMANIAHZ EAEXIA SIEMENS IMPACT 1.0 T 2007
AXKAHIIEIOX EAEXXAY EAEXYXA GE Healthcare SIGNAMRI 15T 2007
ITOAYKAINIKH AAMIAX AAMIA GE Healthcare SIGNA INFINITY 1.5 T 2007
IATPIKO EPEYNHTIKO KENTPO AAMIA PHILIPS NT1.0T 2002
AIIEIKONIZTIKH I'TANNITZOQN T'TANNITZA GE Healthcare SIGNA 1.5T 2009 %
MAT'NHTIKH TOMOT PA®IA TAKHE MIX. | KEGAAAHNIA SIEMENS HARMONY 1.0T MAESTRO | 2011 <?
IATPIKH AOKPIAOZ ATAAANTH SIEMENS HARMONY 1.0T 2010 i
[ZYNOAOZYITHMATOQN [3t1020m1 [ 262 [ [ |=

MEPIAIO ATOPAX MANHTIKQN TOMOIPA®QN

PHILIPS 28,70% HITACHI
1,68%

,44% ONI MED/GE

TOSHIBA

2,53% 21,09% GEMS

SIEMENS 46,00%

XYNOAO MHXANHMATQON : 262 31.12.2010

*To ev Abyw dypooievpa Pacilerar oe oroixeia mov ovykevipdyray eis rov Oxzdpuforo rov 2011. Iapaxalovue rovs avvadédipovs Texvo-
Adyovg Axzvolddyovs xai rovs avvepydres lazpovs Axrvoddyovs/Axrivopuoikovs kabis enione xat Ti¢ eumogikés erapeies av Sramordoovy
Kkdmoia eopalpéva oroixeia va pag evipueodoovy aro info@otae.gr oviws dore va emikaipononbei o mivaxag.

24§ EVXAPITTOVUE EK TV TIPOTEQWY Yid TV TUVEQYATia.

Tewgyiddys Kovivog
Awevfvvrys Xvvialye
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gic

odnyie

H AKTINOTEXNOAQTTA, ISSN: 1108-7455, emnionun
ékdoom ov ZTPAEIT kat tov Tpnpartog Padioroyiag — Aku-
voroylag tov T.E.L. Abvvag, éxet oav otéyo mv kataypag
TG EMOTNHOVIKIG KAl EPEVVITTIKHG GPATTNPLETITAG OTOUG
TOpEIG TG akTvoTeyvoAoylag kat YeVikdTepa TG Slayvmortt-
KNG ameéviong, g aktvolepamnevtkig oykohoyiag, tg
TIVPIVIKNG LATPLKIG KAL TV ouvapay Baotkav emotpav. ['a
TV emitevén) Tov okomoy autoy déyetat pog dnpootevon

Axuvotexvoroyia

1. ApBpa odvraéng: Ziévropa oxéAa kar amdels mdvw oe emi-
kapa Bépata. Ipdgovtar petd and mpdokinon g Zovaéng tov
TEPLoSIKOU.

2. Avaoxormijoeig: OlokAnpopéves avalioelg Bepdtov ya ta
omofa ot anéyelg éyovv avabewpnBel mpdogata 1 vrdpyet yevi-
Kkétepo evilapépov. Xtg avaokomrjoels Tovitovtat aitepa o
ovbyypoves andetg. I'tvovrar dextéc avaokomjoelg péypt kat amd
&b ovyypagels.

3. Epevwnuéc epyaoieg: Khvikég pedéteg kat dokpés Y pun met-
PAPATIKEG EPEVVES TIPOOTITIKOD 1| avadpoptkoy Témov, Tov Tpay-
patomoifnkav pe Pdomn epevvnukd mpwtékorro. Ogeldovv va
TEEPLEXOLV TIPWTOONHOCLEVPEVA ATIOTEAEOpATA.

4. Evbiagépovoeg mepimtdoets: Zoviopn avagopd oe véa 1 oAy
oTdvia voofjpata kat obvopopa, omdvieg ekdnAdoelg prag ovvi-
Boug véoov, véa Stayvwotikd kpirijpa 1 véa Bepamevuxy peBd-
Sevom, pe TekpuNpLOpEVO amotéAeopa.

5. AlayvooTtikég Teyviké: ZUvTopn mepLypagy Hlag véag Texvikyg
1 g TpomoToinong pag §dn vdpyovoag.

6. Oépata ovveyidpevng exmaidevong: I'pdpovrar kat’ avdbeon.
7. Zepvdpla, ouintoetg otpoyyuAdv tpamnebdv, Starésels.

8. K\wviko-axktvoroyiky oviyimon: Tepidapfdver Ppays totopt-
K6, QVTITIPOOMTEVTIKEG AKTIVOYPAPie Kat oydALo pe eTIKEVTPO T
Sapopiky Srayveotik| TPooéyyion g TEPITTOOENG.

9. Akuvoloytkég aokfoeg:
— Epwtijoeig moAamivg emhoyrig.
— AoK10€1G TTOAAATIAGY EIKGVEV.

H AKTINOAOTITA OXON A®OPA TON TPOIIO ITPA®HX
OV KePévoy mov vrofdiovtat mipog dnpooievon, akoovbel tig
vrodeiéels twv teAevtaiov odnytdv g Aebvods Emtporig Zvvta-
ktdv latpikav Teprodikdiv. Ot odnyleg avtés  Sraopaiibovv myv
opotopopgia twv Snpootedoewv, oo péoa oto {Sto to meptoducd,
600 kau pe ta dMa frotatpikd meptodikd kat avamrtiooovial ota dp-
Opa: International Committee of Medical Journal Editors Uniform
requirements for manuscripts submitted to biomedical journals.
An Intern Med 1988, 108:258-265 «kat Uniform requirements for
manuscripts submmitteed to biomedical journals. JAMA 1993,
269:2282-2286. Ta dpbpa Ba kpivovtar yia dnpootevorn pe vy
mipotnéBeon du ta anotedéopata kat to {to o kelpevo dev Exouv
dnpootevBel 1) dev €xouvv vmoPAndel yia dnpooievon oe GAo Tept-
odiké. Qotéoo, yivovtar dektd Tpog kpion ta oAokAnpopéva armo-
teMéopata epyaotdv mov £yovv dnpootevbel oav mpddpopeg avakot-
vaoetg. Katd my vioPoir] mg epyaoiag, o ovyypagpéag dnrdver av
mpdkertat yia payey Snpootevorn, av 1 epyaoia éyet vroPfandel yia
dmpootevon oe dAho meptodd 1 va €yet katd omotovdiinote tpdmo
SmpootevBel, pepiid 1§ oAued. Xy tedevtaia mepimrioor ovvurofdi-
Aovtar avtiypaga tov vAkod avtob, yia va ekupnbel v Suvatdmta
dmpootedoews tov véou dpBpov.
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ZYITPA®IKH IAIOTHTA

KdBe ovyypagéag mpémet va éxet ovppetdoyet ovotaoted oty ep-
yaoia, dote va propel va avardfet mv evBivn tov mepieyopévoun
mg. H ovyypagua] diéuyra mnpol tpetg dpovg: (a) obmym g
éag, oxedaopds ™G peAéng kar avdivon tov dedopévav, ()
Ewayoyr| - [epidnym: H eloaywyy anavtd oto yatl mpaypato-
mowinke 1 epyaoia. I'pdpetar oe eveotdta kat dev avagépetal
oe amoteAéopata 1 ovpriepdopata. H éktaon g va punv Eemep-
vder tig 180 AéEerc.

Yhkd kar péBodog: X pebodoroyia meptypdpetar to epeuviud
TPWTOKOALO, Ot TEXVIKEG IOV eappdobnkay kat o Témog emAoyig
v aoBevdy, eBerovidv 1j omotovdrimote GAAov vAkoY, éujuyou
1 un, mov ypnoporotiBnke. I'vootés peBodoroyieg, ovpmepthap-
Bavopévov kat twv otatiotkay uedddwv, texpnprdvovar Pifito-
ypagpikd. I'a peBédovg mov éyouvv pev dnpootevtel, alrd dev eivat
EVPEWG YVOOTEG, apkel pia TEPANTITKY TEPypa@y, v yla
véeg peBodoroyleg, oupmephapPavopévay Kat Twv oTATOTKAY pe-
868wV, tekpnpidvovtat fiphoypagikd. I'a pebBddovg mov €xovv
pev Snpootevbel, ald Sev elvar evpéwg yvwoTés, apkel pia Teptin-
KT TiEptypagt, evad yia véeg peBodoroyleg amarteitar ektevéore-
p1n avdivon. Av mipdkertat yia épevveg Tov agopolv avlpdmoug,
elvar amapaityto va mepypagoiyv ta pétpa mov mdpbnkav dote 1
epyaoia va eivat adtdfintm Seovroroyikd, obppova pe ™ dakipu-
&n tov EXotvit kat ) vopoBeoia tov kpdtovg.

AmoteAéopata: Avarboviar ta gvpfpata g perétng. Ilapovot-
dGovtar o maperBévta ypdévo, pe Aoyiky oelpd Kat ptopovy va
dfdovtar pe mivaxeg, oxedaypdpparta i avaivtkd oto kefpevo. Ta
otoyyela tov Tvakov dev pémel va emavalapPdvoval oto Kei-
pevo. Ztatotikég ektpiioetg Tpémet va ovvodetovtat ané avago-
pég o otatiotky pébodo mov ypnoomomibnke. Xug petprioelg
¥pMotpoTotobvtat ot povddeg tov dieBvois ovotipatog (IS). [a
Aetrropépetes ot ovyypagels maparépmovtar oto meptodks IATPI-
KH 1980, 37:139.

2viimon: [epypdgpovtar ta teAikd ovpmepdopata kat ot Tpo-
oTrtkég Tov dtavoiyovtal pe ta amoteAdéopata g perétng. Aev
enavalapPdvovtal ta éoa éyovv N avapepbel oy ewoaywy,
eve) pmropel va yivel odykpton pe ta anoteréopata AAAmY opoelddv
€pyaoctdv. XuvOéovtal Ta amoTEMNEOUATA PE TOVG OTOYOUS TG
peAétng, amogedyovtag ta avBaipeta ovpmepdopata.

Ot avaokomijoelg emtpénetar va keparomotodvrat. Ta kepdhata
apBpodvrar pe apafucods  apbpods. Ta vrokepdiaia yapaxtm-
piCovtar amd tov apBpd tov kepaiaiov oto omolo avikowy, pe
tehela kat tov apBpd tov vrokeparaiov (1.1, 1.2, 1.1.1., k.AT).
O eviuagépovoeg mepttdoelg meptiapfdvooy odviopn eloaywyt,
meptypagi] g mepimrwong kat oxdito. Iapdpowa Soprj éxovv kar
0L SLAYVWOTIKES TEYVIKEG.

H AITAIKH ITEPIAHWH

H ayyAwi} mepinym (summary) ypdgetat oe yoptoti oeAida.
[Teprapfdver oyeddv dAa Goa avaypdgpovtar oty eEMNVIKY Kat
ETTAZ0V T OVOPATA TOV ovyypagéwv pe kepaiala ypdppata
Kat tov Ttho g epyaoiag pe ptcpd. Xvvodedet amapaitnta dAeg
g epyaoieg.

BIBAIOTPA®IA

(a) Ot BipAoypagikés Tapamoptég tov kepévou apbpobvar pe
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apapikovc apBpoie, kat adéovta apbud, avdroya pe ™ oepd
eppavioews. Xto PfAtoypagikd katdroyo vidpyovv pévo ot Bi-
BAoypagikés mapamoptés mov avagépoviar oto kefpevo. [pv
ané kdbe mapamopt otov katdoyo Tponyeitat o avt{otoryog
aptBpég Tov kepévov.

O1 ifAoypagikég Tapamopmés mov avapépovtatl 0Tovs TVAKEG
1 otoug TThovg TV ekévav apBpodvtar pe mapbpoto Tpdo.
[TapatiBevtar Aemrtopepdrs apéows petd ™ AMym tov TitAov
Kkat &yt otov teAtkd katdAoyo.

Xe meplmtworn avagopds ovopdtov ovyypagénv oto Kelpevo,
epboov elvar Eévol, PeTd TO EMAVLRO TOL TIPATOL oLyypaPéa
akoAovBel 1 ovvtopoypagia «et aly, evéd yia tovg EAnves «kat
ouv». E@doov ot ovyypageis eivat o, petall tov enovipoy to-
moBeteital o obvdeopog «&».

(B) Zto Prfioypagiké katdroyo ava@épovtal To EMGVLRO Kat
Ta apytkd Tov OVORATOg GAMV TV oLYYPAPEWY, EPOoOV oL ovy-
ypagelc Sev elval meproodtepot ané €&t (dtav eivar meptoodtepot
avagépovtat ot Tpelg Tpdtot kat akorovbel 1 évieién et al). Axo-
AovBel o tithog Tov dpbpov, 1 ouvtopoypagia Tov OVOpPATOG TOV
TEPLoSIKOY, To €106, 0 TEROG, N TP Kat 1] TeAevtaia oeAida g
Sdnpoatevong. Ot ouvtpoetg TV HTA®Y ToV TIEPLOdIKGY TEpLéyo-
vtat oty etfjoa £€kdoon g National Library of Medicine tov
H.IT.A,, «List of Journals Indexed in Index medicus», Snpootedo-
vtat kdBe xpdévo oo tedyog tov lavovapiov Index. ‘Ortav mpdket-
tat yia Pipiia kar povoypagies, petd tov Titho akoAovBodv m
TOAN, 0 ekdoTikGg ofkog, To étog exddoewg kat ot oeAideg. ApBpa
mov Sev €xovv akdun dnpootevbel, ald éyovv yiver dextd ya
dnpooievon  pmopodv va ypnotporomBody ota Pifioypagpikd.
2T TEPIMTHOOELS AUTES, petd v Tapdfeon tov Tithov Tov Te-
prodkod, onpedvetar 1 évdeln «wmd dmpooievony. AvtiBeta n
avagopd og TPOoOTIKEG emikovwvieg, mepthjets (abstracts) kat
adnpooievteg mapatnprioels mpémet va anogedyovtat. O aptBpdg
TOV TIAPATIOPTIOV LTIOKELTAlL KAl autdg O€ OPLOHEVOLG TIEPLOpL-
opobc: ota dpbpa avackémmong dev mpémel va vrepPaiver ta
120, otig epevvnukés epyaoieg TG

35, ota dpBpa odvtaéng, evorapépovoeg mePImTOOoELS, dayvoott-

Kkég teyvikés g 10, evd oto «EAEYOEPO BHMA» g 5.

ITINAKEX

Ot mivakeg Saktvroypagodviat oe yoploti oeAida. ApiBpodvra
pe T oepd mov epgavitovtal oo Kelpevo, pe apafikos aplb-
povs. O tithog Tovg efval oBVTopog Kat MEPLEKTIKGG, MOTE Yia TNV
katavonor Ttovg va pnv elvar amapaitym 1 avagopd tov
avayveot oto kelpevo. Kdbe otiin @éper ) Sk tg odvropn
emkeparida. Ot emelnyroels Twv oLVTPHOE®Y, oLpTEEPIAuBavo-
pévev tov otatotkdy ovpPférnv kabdg kat ot Aotmég Sevkpt-
viioelg mapatiBeviar viid pop@r| voonpetdocwy. Amogedyovrat
ot kdBeteg draypapioels kat ypnotpoTotodviat pévo optiovTies,
epboov elvar tedeimg anapaitteg. Enfong mpémnet va amootéA-
Aovtat kat og nhektpovik] popen oe mpédypappa EXCEL (xlsx).

EIKONEX

Zav ewdveg yapakmpitovrar ta oyipata, ta diaypdppata, ta
loToypdppata kat ot petoypagpies. Yropdietat pévo o anapai-
mrog apBpde etcdvov. Ot tithot (Aefdvteg) ov ouvodebouvy g
ewoveg oe Nhektpoviky poper| oe mpdypappa WORD (.docx).



Odnyies y1a tous ouyypagers

AplBpodvtar pe apapikoic apBpols, avdroya pe ) oepd mov
epgpaviCovtar oo kelpevo. Ot potoypagieg ard kat ta BEAN kat
ot deikteg mov @épovv Tpémel va eivar kabapd, opotdpoppa ka
KkatdAAnAov peyéBoug, dote og mepitwon opikpuvong va mapa-
peivouv evavdyveota. Xtoryela and ypagopnyavi) 1§ ypappéva
oto yépt oug ewdveg dev yivovrat dektd. Xe kapia mepimtwon
Sev mpémel va gaivoviar ta ovépata twv acbevdv kar epéoov
ypnoporomBodv patoypagpieg tovg dev mpémel va avayvopile-
tal 0 mpdowmd tovg. Xy avtiBet mepimoon, emPdiietat
éyypagn ovykatdBeon tov aobevoi, yia T Snpooievon g
potoypagpiag.

YIIOBOAH XEIPOIPA®OY

To daxtvroypagnpévo kelpevo, ot mivakes kat ot lKGVEG TIOL TO
ovvodedouy amootéAovtar og AYO mArjpn avtiypaga, oe @pdxe-
Ao amé yovtpd xapti, eodkAelota péoa oe okAnpd yapTévi yia va
pny dtmdwbodv. "Edv §oBovv oe nAektpoviky popen Ba mpemet va
mipooeyBel 1) avdivor] tovg (ané 300 dpi). Eniong ta kelpeva mpé-
TEEL VA ATOOTEAOVTAL KAl OF NAEKTPOVIKY pop@y o€ TipSypappa

WORD (.docx).

Ot epyaoieg Ba mpémet va amootéAovtat ot SievBuvon:
[Teprodiké «AKTINOTEXNOAOTITA» Tufpa Padiodroyiag —
Axuvoloyiag, TEI AOHNAZX, Al'. XITYPIAONOZ,

122 10 AITAAEQ

for authors

Instructions

Axuvotexvoroyla

20Moyog Teyxvordyomv Padioddywv Aktvordywv
EMdSog [Troyrodywv TEL

>rtadiov 39 - 4oc Spogog — ypageio 5

T.x 10559 Abfjva, ™A.210-3214133

site: www.otae.gr

Ot anooteMdpeves epyaoies Ba mpémet va ovvodedovtat kat amnd pa
€MOTON] UTIOYEYpappév amd GAovg toug  ovyypageis, Tov Ba Te-
praapPdver v Moot} Toug Gu ta yepdypaga éxovv peremBel kat
eykpBel amd touvg vroypdgpovteg. Emiong Ba emovvdrmetar kar pa
ypart ddeta Snpoatevons ov vAkoy. Ta yepbypaga mov vrofdio-
vtat Sev emotpépovtat. H oeipd voforig kaBopilet v mpotepardn-
a dnpoofevong avdpeoa oe opoetdels epyaoies. Kabe epyaoia kpiverar
avebdpmra and dbo kprrés, edikols oo medio Tov omofov drrtetar,
TI0L TIpOTElvOLV TV aTodoyy] (e 1) ywpls TpomoTowjoeig) 1) v andppt-
Y e. Ot ovyypageis eivar vrioypeopévor epdoov toug Syenbet, oe dt-
6pBwon tev tunoypagidv Sokipiev, katd v otoia dev emtpénoval
mipoobrikeg apd pévo dopbioels twv Turoypagkdv AaBdv.

Ta dnpootevpéva dpbpa amoterodv mvevpatiky Wiokmoia g
AKTINOTEXNOAOITAX. Aev emtpémetar 1 avadnpooievor

Tovug yopic ) yparty ddewa tov ArevBuvti} Zdvraéng.

AUTHORSHIP

Each writer should participate to the study, in order to be able
to take full responsibility of its content. Authorhip should fullfil
three terms: (i) idea conception, shceduling of the study and data
analyzing, (ii) Introduction-Summary. Introduction should answer
to the reason why this study was made. It should be written at
simple present form and should not refer to results or conclusions.
It should not be more than 180 words. Material and method:
In methodology you should describe the inquiring protocole,
the techniques that were applied and where were the patients
volunteers, or any other material, living or not, were chosen to be
used. Known methodologies, including statistical methods should
be sustained by the bibliography. For puplished methods which
aren’t well known, a figurative description will do, but for new
methodologies further analysis is required. If humans are involved
to the research, it is nessecary to desrcibe the measures that have
been taken so as the research is ideologically accepted according to
the declaration of Elsinki and the legislation of the country.
Results: Analysis of the findings of the study. You should present
them in past form, with logical order and could be given along with
tables, diagramms or extentily to the text. The data of the tables
should not be repeated to the text. Any statistical assesment should
come with references to the statistic methods which have been
used. The unit of measure should be according the international
(IS). For any details writters should refer to the Medicine magazine
1980,37:139.

Discussion: You should describe the final conclusions and
prospectives which appear by the results of the study. You should
not repeat anything reported at the introduction, but you can
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compare the results of similar studies. You should relate the results
with goals of the study, avoiding any unauthorized conclusions.
Retrospects are allowed to be capitalized. Chapters should be
numbered by arabic numbers. Subchapters are characterized by the
number of the chapter they belong, with a fullstop and the number
of the subchapter (1.1, 1.2, 1.1.1, etc.). Interesting cases take place
with a short introduction, description of the case and a comment.
Diagnostic techniques have sililar strusture, too.

ENGLISH SUMMARY

The english summary is written in a differrent page. It includes
almost all of those which are written in hellenic and in additional
it includes the names of the writters in capital letters and the title of
the study in small. It should accompany all the studies.

BIBLIOGRAPHY

i)The bibliographic refferals of the text are numbered with arabic
numbers, in ascending order, according to their appearence. Only
the bibliographic refferals refering to the text should be in the
bibliographic catalogue. The number of the text comes first before
any refferal to the catalogue:

The bibliographic refferals which are mentioned to the tables or to
the titles of the images, are numbered with similar way. It appears
individually right after the title and not to the final catalogue.

In case of author names reported to the text, when they are foreign,
after the last name of the first author shortcut follows “et al”, but
for the Hellenic “kat ouv”. When we have two authors, between
the last names you should put “&”.

ii)At the bibliographic catalogue you should refer to the last
name and the inidals of the first name of all the authors, since
they are not more than six ( if they are more than six, you should
refer to the first three and the indication et al follows). The title
of the article follows the shortcut of the name of the magazine,
the year, the tome, the first and the last page of the puplication.
The abbreviation of the magazine titles are included to the annual
publication of the National Library of Medicine of the USA, “List
of Journals Indexed in Index Medicus”, are published every year on
the edition of January Index. If you have books and monographies
they should follow after the title, the city, the publish house, the
year of publication and the pages. Any articles that haven’t been
published, but they have been approved for publication, can be used
to the bibliography. At these cases, after the title of the magazine,
you should note the sign “under puplication”. In addition, any
report to personal communication, abstructs and unpublished
observations must be avoided. The number of the refferals submits
to specific limitations: to retrospect articles should not overcome
120, to research studies 35, to editorial articles, interesting cases
and diagnostic techiques 10, and at “Free Step” 5.

TABLES

Tables are typed in a different page. They are numbered based to
the order of appearence at the text with arabic numbers. Their title
should be short and brief, so that the reader is able to understand
them without seeing the text. Each column should has its own
short heading. The explanation of the abbreviation, including the
statistic symbols and any other information, are written in footnote
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form. You should avoid vertical tables and you should use only
horizontal, as long as they are nessecary. Moreover, they should be
sent in electronic form, too, in excel format (.xIsx).

IMAGES

Shapes, diagramms, histograms and photos are characterized
as images. Only a nessecary number of images is submited. The
titles that accompany images in electronic form should be in
word format (.docx). They are numbered with arabic numbers,
based to the order of appearence in the text. Photos, arrows and
index should be clearly uniform and of the correct size, in case of
shrinking it should remain easy to read. Elements of a typewriter
or written by hand at images are not being accepted. Under no
circumstances, names of patients should be seen, and their faces
must not be recognised. In addition, you should have a written
permition of the patient in order to publish his/her photo.

SUBMITION OF THE HANDWRITTING

The typewritten text, the tables and the images which come along
should be sent in TWO full copies, in an envelope with thick
paper, closed with carton so as not to be folded. If you sent them
in electronic form, you should be careful with the analysis (from
300dpi). Moreover, texts should be sent in electronic form in

WORD format (.docx)

All studies should be sent to the following address:

Magazine “Aktinotechnology”

Radiology Section — Aktinology, TEI Athens,

Ag.Spyridonos, 122 10, Egaleo

Associaton of Technologies, Radiologies, Aktinologies of Hellas
TEI Graduated

Stadiou 39 — 4th floor — office 5

105 59 Athens, tel: 2103214133

Site: www.technologoaktinologos.cu

Studies that have been sent, should be accompanied by a formal
letter signed by all writters and should contain their statement
that all writtings have been studied and approved by the signers.
Furthermore, a written permition of publication of the text should
be appended. There is no return of the writtings. The order of
submition determine the priority of publication between similar
studies. Every study is judged indepentently by two judges,
specialized in the field of which touches, who recomend the
acceptance (with or without modifications) or the rejection of it.
Writters are obliged in correcting any typewritten essay if they are
asked, and in that case they are not allowed to make any additions
but only corrections of the mistakes.

Published articles constitute property of aktinotechnology.
Republication of the article with no written permition of the chief
editor is not allowed.



Iatpika véa
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TO XPONIKO TH2 EPEYNAZ
THXZ PEOAEEIOAOI'IAZ
2TO ONAZEIO KAPAIO-
XEIPOYPI'IKO KENTPO

Tov Oktdfpio tov 1988 o vmodiev-
Buvtig kat o empeAnTig TG TPOTNG
kapdoyetpovpytkiic  tov  Qvaceiov
Kapdroyepovpykod  Kévrpov  Kog
Zravpidng kar Kog Aovkdg avtiotot-
%G, ETUKOVOVNOQV PE avTlmpoomTeia
tov Zopateiov ENjvav Pepieéord-
yov yla va mipoteivouvy my diefayoyr]
épevvag oto Qvdoelo Kapdroyepovp-
Y6 kévrpo. ‘Emerta and moAég ov-
vavtijoelg anopaociofnke kat opyava-
Onie 1 pébodog avtrig g épevvac.

ITpokewévoy va ovpmeptingbel o
aoBeviig omv épevva Ba émpene va
wavoromBodv  dAa ta mapakdtw
kprtipa. “Eyypagn ovykatdbeon tov
aobevolc yia ovppetoxy Tov oty
épevva. Acbeveic kdbe nAwdag kat
@BAov. AoBeveig ov vrofdArovtav
oe kapdloyetpovpyikég emepfdoerc.

Or aoBeveig mov Anpodoay ta kpri-
pla ouvppeToyng Katetdynoav tvyxala
o€ pa atmd TG TPEG TMaAPaKAte opd-

ZKOITIOXZ THX EPEYNAX
O okomdg g €pevvag frav 1 peré
mg PepAeloroylag oe aobeveis mov
vrofdAovtar oe kapOLOXEPOVPYIKEG
emepPdoetg. Ot mAéov eEetdikevpévol
otéyot TeptAdpfavay my peAét) kat
atoAéynon twv o k4o :

1) Meiwon tov emmédov tov mpoey-
YELPNTIKOV OTPEG.

2) Meiwon tov peteyyepnukol dA-
youg.

3) Bedtlwon enimédov emkowmviag
pe tov aobevrj.

4) E&étaon g duvatdémrag ovvep-
yaoiag g Kiacowg latpikrig pe
mv Pegleloloyia.

5) Zyéon damdvng — amoteAeopatiké-
™mrag.

deg:

Opdda A : AoBeveis mov déymrav ov-
vedpieg PepAebooyiag.

Opdda B : AoBeveic mov éymrav e
Kkovikég ovvedpieg Pepreoroyiag.
OpadaT : AoBeveic Tov dev déytnrav
ouvvedpieg PepAeloroyiag.

APXIKH ITPOXEITIZH

Ta akérovBa otoryela Ba kataypdgo-
VIQv TPV amd Vv EPOLPYIKY ETE-
Baon:

HAwda.

Diro.

“Extaom kapdiémaberag.
Zvvurdpyovoeg vooot.

ITapodoa gappakevtky ayoy.
Iotopiké aoBevoi.

IIPQTOKOAAO EPEYNAYX ME GOEMA
«H ANTIMETQIIIXH OI'KOAOITKQN
AYX@ENON XPHZONTQN AKTINO®E-
PATIEYTIKHY KAI XHMEIO®EPAIIEY-
TIKHX ANTIMETQIIIXHY XYNAYAZO-
NTAX THN KAAXZIKH IATPIKH ME
TIX O®YZIKEX XYMIIAHPOQMATIKEX
OEPAIIEIEX»

2vykekpipéva 1) perét Eekivnoe amé pa opd-
da Oykordywv latpdv kat pia dAAn opdda Oc-
PATIEVTAV PUOKAV OLUTIANPOUATIKOV Bepa-
ey, oav éva Ipwtékorro ‘Epevvag pe Bépa
TV QVTLHETATILON OYKOAOYIKGDV TIEPLOTATIKAY,
ovvdvdbovtag v khaocowkr| atptky (Aktivo-
Oepameia — Xnpewobepameia — Xepovpyur]
oykoAoy{a) pe TG QUOIKEG OUPTIANPOHATIKES
Oeparmeleg.

Amé ™y mAevpd ™G KAQoOLKNG taTptkiiG, Opd-
da latpdv pe emkeparis tov Ap. ['dpyo Toa-
Kkipn aktwvobeparmevti| — oykoAbyo kat amd v
TAEVPd TV Puotkdv Bepateldy, opdda Bepa-
TEEVTAOV QPUOLKGOV OVPTIANPWHATIKAV Bepareldy
a6 to Aebvég Kévrpo Emomnpovikig I'véong
pe emkearrg tov ko ITétpo Kuprakidn kat to
Ap. MiyanA Kuplaxidn guowomadnud — pe-
pAegordyo — . latpikig, péoa ota miaiowa
IpwtokdAhov Tov €xet ovvtaylel, mapakorov-
Bobv opdda acbevav pe oykoAoytikés abrioets.
Me Bdon g apyés tov IlpwtokéArov, To
omofo Ba avoiet petd to mépag dekaetiag, yia
va peretnBoiy ta amoteAéopata tov maparnd-
v ovvdvaopoy, ot acBeveic Ba maparkorovhoi-
vtat avd Gpmvo.

Méyxpt ouypris pag dnpiovpyeitat n eikéva tov
T600 OPEMUY Kat amapaith eivat 1) avuipe-
AN péow KAAoOIkNg tatpikris (Axtvobepa-
mefag — XnpewoBepamneiag), ald mapdinia
Kkat 6oo ot puotkés péfodot dmwg pepretoro-
yia, Potaviky, vytewt| dtatpo@r| kAT, ovpPdA-
Aovv oV avakolgion, Ty evioxvon kai
BeAtioong ™g modtntag {wis Twv acdevav,
TpooPépovTag tovg kaibtepn Sidbeor, avbe-
KkTkémTa oug ynuetofepamevtikés kar akt-
voBepamevtikés mapevépyeleg, evioyvon Tov
avoooTomTikoy ovotipatog, kabdg emiong
pe{womn Tov OTPES KAl Tov GAYOUG.

Evyépaote 1 perétn twv anoteAeopdtoy, petd
O AVOLYHA TV PakéAnV Twv acfevdv kat twv
otoryelwv Tov Ba amokopotody and avtd, va
amodefovy 0 «OPEMPOV» TOL GLVOVAOHOV,
étol @ote va dobel pra emmiéov otatioTiky
V01 KAl TANPo@opia OTOV EMOTHHOVIKS
XOPO TNG AVTLUETOTILONG TOV KAPKIVOL.
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H evnpépwon

ITPOEIXEIPHTIKH KAI METEI'XEI-
PHTIKH EPEYNA

Metd v eEaopdhon mg éyypagng ov-
ykatdfeong ek pépouvs tov acbevols kat
™mv tyaia katdtall ov oe pa and g
Tpels opddeg akorovBovoe éva ouvykekpt-
pévo kat kowd mpdypappa ovvedpldv Pe-
pAegoroylag kat etcovikrg PepreEoroyiag.
To mpéypappa meptddpPave pia mpoeyyeL-
pNTKY ovvedpia Ty nuépa g Eloaywymg
tov aobevols oto voookopeio (ovviiBog
Y TipoNyodpevy Nuépa tou yetpovpyeiov)
kaBd¢ kar amd pa ovvedpia ya kdbe pe-
Teyyelpnuky npépa tov acbevodg oto BG-
Aapo voonheiag. Zuvedpieg Sev yvévrov-
oav omv povdda evrauxiic Bepamneiag.
[Tpw amé v évapén g ovvedpiag kat
kab’ 6An mv ddpketa g (yia Tig opddeg
A & B) kat oe ovykekpipéveg avtiotoryeg
meptédoug yia v opdda I', o aoBeveig
ovvdéovtav pe éva ouvveyr] kataypagéa
(HOLTER). Ot kataypagés avtég ava-

o e

tou TEXV

ABnKav wg mpog v petafAntéta tov
Kkapdiaxob puBpot. EmmAéov mptv ané v
¢£0do tov aobevoic amd to voookopelo
Cneelto  omukoavaroyiky avdivor  Tov
emédov Tov dAyous kat tov otpeg Pdoet
pag kA{pakag PabBpordynong amé 1-10.
Ot ouviBerg yvootés péBodor kat teyvikés
m¢ Pepheboroyiag ypnopomonibnkav pe-
Teyyepnukd avdioya pe tg ewdiés avd-
ykeg kdBe aobevoic.

TEAIKH XTATIKH AZEIOAOTHZH

H teduq otauouxy aflodéynon mept-
Apfave ta mapakdte: Tnv petaBon tov
Kkapdiakod puBpod katd v Sdpkela ka
apéong petd g ovvedpleg (opddes A &
B) 1 katd ta avtiotorya dtaotipata éoov
agopd myv opdda I'. H extipmon ek pépovg
ov aofevoig g emidpaong g PepAelo-
Aoylag oy avtiAnym tov dAyovg Kat tov
OTPEG OVPPOVA HE TA ATOTEAEOHATA TG
omrukoavaroytkiic kKAipakag.

TA AIIOTEAEZMATA KAI H XYNE-
XEIA THX EPEYNAX

Eivar n) pdyty @opd mov 1 Pepreoroyia
elofyBn oe eEMnvikd voookopieio kat éytve
amodekty pe evBovolaopd, téoo améd tovg
TIatpods kat tovg voonAevtés Goo kat and
Toug {61ovg Tovg acBeveic tov Qvaoseiov.
Ta anotedéopata g €pevvag ftav Be-
Tkd otovg acbeveig mov vofAdnkay oe
PegpAeéoroyia mpoeyyepnuikd, ota emnire-
da dyyovg tovg, aAAd kar otovg acbevelg
mrov vtoPAYBnkav oe PepAetoroyia petey-
¥epnukd, ota enineda mévov.

H épewva oto Qvdoeo Kapdioroyt-
k& voookopelo amotéAeoe ™V apyy g
mpoontdfelag tov Zepateiov EAMivev
PegAeéoréymv va ovpPdider oty mpay-
patotoinon kat dAAwv epevvdv oe dAAa
voookopeia g EAMGdag pe kdplo otdyo
mv Pofbela tov ovvavBpdmov pag péoa
amé myv PepAeloroyia.

oAGyoyu QKTLVOAOYOU tidpa OT0---
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