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PTSD – CHALLENGES AND DIAGNOSTICS

Technical aspects 
and challenges

Simultaneous PET/MRI represents the
new generation of hybrid diagnostic imag-
ing methods. In comparison with the
standard PET/CT technique, this new
method has significant advantages: in
addition to providing for high-quality
contrast of soft tissue, the options of func-
tional imaging and, unlike PET/CT, of
simultaneous data acquisition, PET/MRI
also requires less exposure to radiation
(Fig. 1). The first whole-body scanner with
integrated PET/MRI system was unveiled
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Improvements to the methods of diagnosis and treatment of traumatic cranio-cerebral injuries (CCIs) and post-traumatic stress
disorder (PTSD) are urgently required from the point of view of the military authorities, the patients’ families and society as a
whole. On the basis of the results of the RAND Corporation screening survey, it is estimated that almost one in five (300,000) of
the total of military personnel who have taken part in Operation Iraqi Freedom/Operation Enduring Freedom (OIF/OEF) have
developed symptoms of PTSD or are suffering from depression while more than 320,000 of the OIF/OEF force have suffered a
traumatic cranio-cerebral injury (22). At the same time, a cranio-cerebral injury has been diagnosed in 23% (907/3973) of the
members of one active service unit (23). This overview article considers the potential offered by the use of a hybrid technique
involving the combination of positron emission tomography with magnetic resonance imaging (PET/MRI). The PET/MRI technique
represents a new diagnostic option that can thus also be used in the diagnosis of non-malignant disorders. With the help of new
biomarkers, high resolution, structural, functional and metabolic imaging data, there is now the prospect of detecting the early
changes that occur in post-traumatic stress disorder (PTSD), something that will be of particular value in the context of military
medicine.

Il est urgent d’améliorer le diagnostic et le
traitement des traumatismes cranio-
cérébraux (TCC) et du trouble de stress
post-traumatique (SPT) affectant aussi
bien les militaires et leur famille que la
société. D’après les données de l’étude de
dépistage « RAND Corporation », on a
estimé qu’un cinquième des soldats (300
000) ayant participé à l’opération Iraqi
Freedom/Operation Enduring Freedom
(OIF / OEF) souffrent de stress post-
traumatique ou de dépression, et que plus
de 320 000 soldats (OIF / OEF) ont subi
un traumatisme cranio-cérébral (22). En
outre, un diagnostic de traumatisme
cranio-cérébral (23) a été posé pour plus
de 23 % (907/3 973) des effectifs d’une
brigade d’intervention. Cet article de
synthèse présente les possibilités qu’offre
l’utilisation combinée de l’imagerie par
résonance magnétique (IRM) et de la
tomographie par émission de positrons
(PET scan). 

El personal militar, sus familiares y la
sociedad reclaman urgentemente mejo-
ras en el diagnóstico y el tratamiento
de los traumatismos cerebrales (TBI)
así como del trastorno por estrés post-
traumático (TEPT). A partir de los datos
del estudio de cribado "RAND Corpora-
tion", se calcula que casi 1/5 de los
soldados (300.000) de la operación
Iraqi Freedom/Operation Enduring Fre-
edom (OIF/OEF) presentan síntomas de
TEPT o depresión y más de 320.000
soldados (OIF/OEF) han sufrido trauma-
tismo cerebral (22). Del mismo modo,
el 23 % (907/3.973) de una brigada
de intervención fue diagnosticado con
traumatismo cerebral (23). En este
artículo general, se presentan las
opciones que surgen con el diagnóstico
híbrido por imágenes mediante reso-
nancia magnética y tomografía por emi-
sión de positrones (RM/PET).

Hybrid imaging - PET/MRI

▲ Fig. 1: In comparison with CT and MRI, PET is characterised by a significantly poorer level of spatial
resolution. In the case of PET/CT and the new whole-body MRI/PET devices, the deviation can be up to 4.2 -
5.5 mm. Above are examples of scans of a patient with thyroid cancer; the left prepared using 3-Tesla MRI,
the right with PET/CT.
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in November 2010 (Siemens Healthcare
Biograph mMR). The Biograph combines a
3-Tesla MRI scanner (the technical equiva-
lent of a Siemens Verio system) with a
complete PET system that is integrated in
the device’s gantry. The most commonly
used radiotracer is [18F]-2-fluoro-2-deoxy-
D- glucose (or [18F]-FDG), a radioactively-
labelled sugar that exhibits differing accu-
mulation profiles in the various body
tissues determined by the rate of glucose
metabolism. The breakthrough with
regard to managing to combine the PET
and MRI techniques was achieved by
means of replacing the conventional pho-
tomultiplier with semiconductor-based
avalanche photodiodes, which are resist-
ant to strong magnetic fields (9 - 14).
Thanks 
to the simultaneity of image acqui sition
by the PET and MRI systems, the image
superimposition problems associated with
patient  positioning and physical move m -
ent artefacts have been eliminat ed  
(6, 7).

This scanner also exhibits several funda-
mental technical differences to the stan-
dard PET/CT device. There are two factors
that influence the quality of the acquired
PET data; the use of avalanche photodi-
odes in place of a photomultiplier and the
level of attenuation correction of the PET
data that can be achieved with the hybrid
device thanks to the incorporated MRI sys-
tem. In the case of standard PET/CT scan-
ners, the CT equipment is used to estimate
attenuation by means of transformation
of CT Hounsfield units to attenuation fac-
tors at 511 keV (15).

Of course, the MRI signal cannot pro-
vide information on the radiodensity of
tissue and thus cannot be used directly for
attenuation correction of PET results. The
modus operandi of the Biograph mMR
involves use of an attenuation map gener-
ated on the basis of a two-point Dixon
MRI sequence (19). The Dixon sequence
makes it possible to estimate the level of
accumulation of radiotracers in four differ-
ent types of tissue (fat, soft tissue, lungs
and background/air) in the body as a
whole and produces an attenuation map
on the basis of the relative radiodensity of
these materials (16, 17). The results are
equivalent to those obtained using the CT
attenuation correction method (18), and
the technique can thus be seen as viable.

This hybrid imaging technology has the
potential of being able to enhance the
quality of results that have been achieved
with hybrid PET/CT, particularly in onco-
logical indications and the imaging of
neurodegenerative processes. Hybrid
PET/MRI imaging could also play a major

role in future in the field of military medi-
cine in terms of research and clinical
aspects; for example in the investigation
of dramatic/informatory signs and the
attempt to objectify the underlying
organic causes of complex syndromes,
such as post-traumatic stress disorder
(PTSD).

Potential applications of the
hybrid imaging technique

Imaging of intestinal structures and
whole body scanning

In terms of quality of soft tissue con-
trast, computed tomography is noticeably
inferior to magnetic resonance imaging.
For this reason, MRI is the method of
choice when it comes to diagnostic onco-
logical investigation, such as scanning of
the intestinal organs in the pelvis
(prostate). In addition, MR spectroscopy
and MR perfusion imaging are assuming
increasingly important functions in con-
firmatory diagnosis of prostate cancer. As

the effectiveness of PET has already been
demonstrated in an array of such diagnos-
tic situations, it can be assumed that the
combination of PET with MRI will prove
to be superior to that of PET with CT in
this indication range (1 - 5). Major poten-
tial applications will be in confirming
non-malignancy of neoplasms if punch
biopsy results are negative, in targeted
(MRI/PET-guided) biopsy and diagnosis in
the presence of biochemical recurrence. In
addition, the technique is ideally suited
for use in whole-body staging (Fig. 2).

Neuroimaging
In contrast with the type of CCIs most

commonly encountered in the civilian
environment that are usually the result of
falls, sports-related traumas, etc., almost
70% of combat-induced CCIs are a result
of exposure to blasts plus other injuries,
i.e. the effects of the explosion and other
factors. It is not easy to identify objective
alterations in the cerebral region in symp-

▲ Fig. 2: Scans of a patient with clinical indications of the presence of prostate cancer but negative punch
biopsy results. MRI spectroscopy (top left) initially confirmed the clinical indications of the presence of
prostate cancer because of the information provided by the spectrum. Thanks to the metabolic information
provided by PET/MRI, the site of the carcinoma can be precisely localised (bottom left) together with
detectable metastisation (right). 
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tomatic patients with combat-related apparent CCIs using the conven-
tional computed tomography or magnetic resonance imaging tech-
niques. It has already been shown using the first hybrid PET/MRI that
the concurrent acquirement of morphological, functional and meta-
bolic data is possible and that this has several related advantages (19,
20). PET/MRI may well come to completely replace the double scanning
technique (i.e. PET/CT with MRI). In patients with PTSD, structural and
multiregional volume deficits can be detected; one feature that has been
repeatedly observed is a reduction in hippocampal volume (HV) that is
more marked in untreated patients with severe PTBS than it is in
patients with the same disorder who are undergoing treatment. Meta-
analyses have found that HV reduction is also present in patients with
trauma-associated injuries and not in patients who have not suffered
trauma, whereby it is unclear whether this alteration is trauma-induced
or was a pre-existing condition in the trauma patients. Hybrid tech-
niques such as PET/MRI that allow imaging of morphological and func-
tional aspects may help us better understand the various pathophysio-
logical processes that occur in post-traumatic stress disorder (24); see
Fig. 3 and Fig. 4.

Summary
The detection and objective characterisation of the subtle but clini-

cally significant abnormalities associated with CCIs and PTSD are
important requirements and represent a challenge to modern neu-
roimaging skills.

With the aid of radiation dose-sparing hybrid PET/MRI devices, it is
possible to combine the advantages of both techniques – and it is neces-
sary to combine these two as the provision of high resolution anatomi-
cal images with MRI is essential. In addition, functional methods (fMRI)
such as diffusion-weighted imaging (DWI), spectroscopy and dynamic-
contrast enhanced (DCE) MRI are becoming progressively more widely
employed. The main technical challenge with regard to PET is to pro-
vide for appropriate MRI-based attenuation correction of the PET data.
With a hybrid PET/MRI imaging device, it is possible to concurrently
investigate morphological, functional and metabolic parameters with
optimal spatial and chronological correlation. Simultaneous PET/MRI
also opens up new options for research – in the field of cardiac imaging,
investigations of cerebral functioning and the testing of new tracers in
connection with specific MRI techniques. New MRI methods (such as
susceptibility weighted imaging)
are making it possible to more
readily detect microhaemorrhag-
ing and may prove to be of value
in the screening of combat per-
sonnel following CCIs. The devel-
opment of high-resolution MRI
sequences could also, by means of
providing better images of regions
of the hippocampus, help clarify
what form accumulation processes
assume following CCIs and in
PTSD. In this context, the PET
component may also provide
important insights into associated
metabolic changes.

This combined, multimodal
technique will thus facilitate the
detection and characterisation of
related abnormalities. ■

References: ref@mci-forum.com

▲ Fig. 3: Two examples of hippocampus volumetry and metabolic
imaging. Seen to the top left is the image of a normal hippocampus
prepared using T2 scanning. Below this is an example of hippocampal
volume reduction in an elderly patient with a history of recurrent
cerebro-cranial injury. To the right, in correlation with these, are the
superimposed functional images (PET/MRI).

▲ Fig. 4: The hippocampus region: top left in axial T1CE imaging. In the
top right, the hippocampus has been divided into regions (head,
body, tail) and their volumes, together with that of the amygdala,
have been measured. Bottom left can be seen an example of
hippocampal volume reduction/atrophy. 
[graphic AG = amygdala, HH = hippocampus head, HB = hippocampus body, HT =

hippocampus tail]
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Current organizational
 structure of CFHS

The CFHS is comprised of the Medical
and Dental branches and provides a com-
prehensive continuum of health care and
services to CF members at home, abroad
and on deployed operations.

The organization consists of the Cana-
dian Forces Health Services Headquarters
and of intermediate headquarters strategi-
cally located across Canada to support the
Health Services’ clinics and other units
within their respective area of responsibil-
ity. 

At the operational level, the Surgeon
General provides guidance and direction
on all aspects of health care in the CF
including developing health care policy,
setting standards, establishing procedures,
and responding to issues from the field as
they arise. He is the final authority on all
health care issues and resolves disputes on
professional issues between various groups
of health care workers in the CF.

The Directorate of Mental Health
reports to the Surgeon General and pro-
vides a single focus for all mental health-
related activities and programs within the
CF and DND. A senior Mental Health cli-

nician is appointed as advisor to the D
MH and chairs the Professional /Technical
Advisory Group consisting of practice
leaders for: psychiatry, psychology, social
work, MH nursing, addictions and Health
Service chaplains. 

CF Mental Health Service
Delivery

Today, there is a full range of mental
health care services available to our CF
members throughout all aspects of their

Mental Health Services in the Canadian
Forces 

R. JETLY (CANADA)

The health needs, including the mental health needs, of Canadian Forces (CF) military personnel are a priority for the Government
of Canada and the CF. As such, significant investment has been made by the CF to ensure personnel receive the highest standard
of mental health care possible wherever they serve. The Canadian Forces Health Services (CFHS) has spent the past decade
revitalizing its mental health care programs as well as playing a key role in the cultural change that has occurred in the CF
towards mental health and those that suffer from mental illness. 

Les besoins de santé, y compris les
besoins de santé mentale, des personnels
militaires des forces canadiennes (CF)
sont une des priorités du gouvernement
canadien et des CF. Ainsi, des
investissements importants ont été
réalisés par les CF pour assurer que leurs
personnels bénéficient des meilleurs soins
mentaux possibles, peu importe leur lieu
d'intervention. Les services médicaux des
forces canadiennes (CFHS) ont revitalisés
au cours de la dernière décennie leurs
programmes de soins de santé mentale,
tout en jouant un rôle essentiel dans
l'évolution culturelle au sein des CF
concernant la santé mentale et les
personnes souffrant de maladies
mentales.

Las necesidades sanitarias, incluyendo
las de salud mental, del personal mili-
tar de las Fuerzas Canadienses (CF)
son una prioridad para el Gobierno de
Canadá y las CF. Por eso, las CF han
realizado un esfuerzo de inversión para
garantizar que el personal recibe los
mayores niveles de atención sanitaria
mental posibles, allí donde estén. Los
Servicios Sanitarios de las Fuerzas
Canadienses (CFHS) han estado revita-
lizando sus programas de salud mental
durante la última década. También han
tenido un papel clave en el cambio cul-
tural dentro de las CF respecto a la
salud mental y los afectados por enfer-
medades mentales.


