Particularities of Using Contrast Agents in Diagnosis of Stroke
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Stroke is the first cause of disability, the second cause of dementia and the third cause of mortality in
industrialized countries. Due to its increasing incidence, there is a need to study the possibilities of early
prevention and diagnosis. Our study was conducted on a group of 165 selected patients diagnosed with
different forms of ischemic strokes, aged between 25 and 50 years. We explored them using contrast
injected MRI technique, to show the usefulness of this radiologic method and to propose a protocol for the
investigation of clinically diagnosed patients with stroke. Contrast injected MRI is demonstrated to be a gold
technique in exploring early cases of ischemic stroke with different anomalies. Special agents combined
with this technique allows assessment of the functionality of the blood-brain barrier, revealing the real
ischemic penumbra.
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Stroke is still a public health problem, with a high
incidence in the working age population. Approximately
one-third of ischemic strokes in young people remain
undetermined, making secondary prevention unsuitable.
The consumption of toxic substances and occult cardiac
arrhythmia could be the cause of these ischemic strokes.
An ischemic stroke is a prolonged interruption or
insufficiency of the arterial supply in a cerebral zone,
clinically translated by focal neurological signs. This signs
are respecting the territory of the concerned artery, with
sudden installation or by successive strokes, the most
common of which is hemiplegia.
Ischemic stroke (IS) is one of the forms of
cerebrovascular disease [1,2]. Unfortunately, the
possibilities of treatment in IS are not commensurate with
the advances made in its pathophysiological knowledge.
There are two types of ischemic strokes: transient (TIS)
whose signs are fully remitted within 1 hours and
constituted which lead to a permanent deficit, reflecting
the constitution of a cerebral infarction [3, 4].
A haemorrhagic stroke could also has consequences of
a similar severity to ischemic strokes. Each type of stroke
has a specific treatment that requires an early differential
diagnosis.
Classification of cerebrovascular diseases are made in
relation with its topography, onset, pathophysiological
mechanism or is considering the timing cryteria.
Another classification divides strokes into:
asymptomatic - includes patients with no symptoms of
cerebral or retinal vascular disease, but paraclinical
investigations (CT, MRI) reveal signs of cerebrovascular
disease; focal cerebral dysfunction which can be:
- transient ischemic attack in the carotid or
vertebrobasilar system.

- constituted (cerebral infarction) by one of the
mechanisms: thrombotic - is achieved by overlapping the
thrombus on the atheroma plate; embolic-distal
embolization and occlusion of an artery [5, 6].
Hemodinamic exploration mechanism are compulsory
in patients with severe stenosis or proximal arterial
occlusions with inadequate collateral circulation, with a
critical decrease in global cerebral infusion. The
anatomopathological mechanisms of different types of
strokes occurs in conditions of severe hypotension or in
paroxysmal rhythm disorders. Confirming the diagnosis of
a stroke is usually easy if the anamnesis is known [7-10 ].
Any sudden neurological deficit that involve an arterial
territory must be considered a stroke. The differentiation
between ischemic stroke (IS) and transient ischemic
stroke (TIS) has no practical interest since the patient
should be seen and treated in a similar manner in the first
24 hours and there is nothing to affect the clinical deficit.
Usually, TIS announces a future constituted stroke.
MRI investigation is one of the most sensitive paraclinical
diagnostic methods in the case of stroke. It is more sensitive
than tomography, highlighting recent ischemic strokes,
with signal abnormalities occurring a few hours after the
ischemic process. It is also more sensitive in highlighting
old post-haemorrhagic sequelae.
For high accuracy, contrast-injected MRI technique is
used. There are numerous studies in specialised literature
that assume that this radiological investigation technique
is overstated by other emerging techniques and, in some
situations, it may even be dangerous [ 11-13].
The purpose of our study is to show the usefulness of
the radiological technique of MRI with contrast substance
and to propose a protocol for the investigation of clinically
diagnosed patients with stroke by this method.
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Experimental part
Material and methods
Our study was conducted on a group of 165 selected
patients diagnosed with different forms of IS, aged
between 25 and 50 years, admitted to the I-st Neurology
Clinic of the “Prof. Dr. Nicolae Oblu” Clinical Hospital in the
period 2014-2018.
The 165 cases were analyzed taking into account all
aspects of the epidemiological and etiopathogenic data
suggested by the clinical examination and revealed by the
laboratory examinations.
The examination was performed following the clinic
protocol, with particular attention to clinical, ophthalmic,
cardiological, ECG, and ECHO Doppler vascular
examinations.
All the selected patients were examined by MRI contrast
technique after initial native scan. This was performed after
entire routine examination protocol.
We must emphasize that patients or their owners have
previously signed the informed consent forms on the
methods of investigation and treatment.
The contrast agent routinely used in MRI examinations
is based on iodine in various combinations and
concentrations, with lately developing isosomolar and
hypoallergenic compounds in order to reduce the frequency
of possible side effects.
The radiologist will decide upon the need to use the
contrast agent in the course of the investigation, depending
on the pathology of the patient and of course the changes
encountered during the initial native scan and taking into
account the benefit/risk ratio of each case.
Routine contrast agents are used in MRI examinations
to increase the natural contrast of blood vessels and certain
portions of the encephalus, resulting in a diagnosis of
certainty. In the case of highlighted injuries, their particular
vascular criteria give additional information for diagnosis.
For this we used the following exam protocol:
- weight ratio in sagittal section (number of slots 30,
slice thickness 4mm, matrix 218x256, TA 3:20)
- weighted t2 sagittal iso_1.0 (3D sequence, sagittal
acquisition and axial and coronal reconstruction, 1mm
acquisition and reconstruction slice, matrix 202x256, TA
5:17)
- ep2d_diff_3scan_trace_p2 (diffusion, slice number 30,
slice thickness 4mm, matrix 192x192, TA 2:18)
- t2_swi3d_tra (slice number 30, slice thickness 2mm,
matrix 186x256, TA 3:38)
- spc_ir_cor_p2_iso (oblique, perpendicular to the
hippocampus) (3D sequence, coronal acquisition and axial
reconstruction, 1mm acquisition and reconstruction slice,
202x256 array, TA 4:26)
- t2_tse_cor (oblique, perpendicular to the
hippocampus) (slice number 50, slice thickness 2mm, TA
4:26, matrix 307x256)
- t1_mprage_tra (3D sequence, axial acquisition and
sagiatal and coronal reconstruction, 1mm reconstruction
acquisition slice, 246x256 array, TA 5:34) Contrast agent
injected
- t1_mprage_tra (3D sequence, axial acquisition and
sagittal and coronal reconstruction, 1mm acquisition and
reconstruction slice, 246x256 matrix, TA 5:34)
- t1_se_tra_320_MTC (slice number 30, slice thickness
4mm, matrix 256x320, TA 3:25)
Device Type: Siemens Essenza Tim-Dot, 1.5T
Abbreviations list: TA = acquisition time; Total TA =
45min; FOV = field of view = 230-250mm.
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Results and discussions
The cases investigated by the mentioned protocol were
diagnosed as follows:
-82 patients with atherosclerotic stroke (49.70%);
-78 with embolic stroke (47.27%);
-5 with haemorrhagic stroke (3.03%).
Five of them died shortly after paraclinical investigation
due to the severity of stroke and associated comorbidities.
58% of the patients were male and 42% females.
The obtained images emphasizes the utility of contrast
agents in MRI examination and the particularly high degree
of acuity of this technique.

Fig.1 Stroke caused by plaque occlusion of the right common
carotid artery; A = MRI with contrast substance; B = native MRI
that highlights the affected brain territory

In patients with atherosclerotic disease, 92.13% of the
strokes occurred in the territory of the internal carotid artery
(fig. 1).

Fig.2 Thrombotic stroke; I = on
the middle right brain artery; II
= on the right cerebellar
artery; a = MRI with contrast
substance; b = native IRM

In the case of patients with embolic strokes, the territory
of the internal carotid artery was also predominantly
affected but with lesser extent - 53.85% (fig. 2).
Most of the haemorrhagic strokes (80%) occurred in the
territory of the internal carotid artery (fig. 3).

Fig.3 MRI in patients with haemorrhagic vascular accident; A = with
contrast substance; B = native
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In the case of vascular accidents due to atherosclerosis
and embolic causes, the MRI contrast technique shows
with high acuity the affected blood vessel and its segment.
In the case of haemorrhagic vascular accidents, besides
the objection of the affected blood vessel, the MRI with the
contrast substance shows the degree of extravasation of
the blood flow.
This is performed in T1-weighted images, left field
without and right field with contrast medium
administration. We have used Omniscan which is a
gadodiamide and Magnevist which is a gadopentetate substance.
T2-based arterial spin labeling (ASL) method with 3D
readout could be used to measure the water transfer
processes between arterial blood and brain tissue based
on a 3D-GRASE (gradient and spin echo) pulsed ASL
sequence with multiecho readout. Also, these agents are
used for highlighting the blood vessels in MRI angiography
and/or brain tumor associated with the degradation of the
blood–brain barrier. In case of large blood vessels
gadolinium dose could be lowered to 0.1 mmol/kg body
mass and higher concentrations are used for thinner
vasculature. This great utility of the paramagnetic agents
is given by the chelates they contain which do not pass the
intact blood–brain barrier because they are hydrophilic.
Thus, these are useful in enhancing lesions and tumors
where blood-brain barrier is compromised and the Gd leaks
out. After a while the contrast agent will distribute into the
interstitial space and will be eliminated by the kidneys.
Apart from the already known advantages of the IRM
radiological investigation technique, particularly in the case
of brain exploration, it has some great advantages [1416]. These include the high acuity and sensitivity of this
technique, the possibility of functional explorations and
3D reconstruction.
Native exploration is important in highlighting the
affected brain territory [17, 18].
Applying these notions to patients diagnosed with stroke,
MRI is of particular interest.
In MRI, the very recent hematoma is iso-intensive in T1
and hypointense in T2. Gadolinium (Gd/paramagnetic) are
the most common agents used to detect the efect upon
the blood–brain barrier [19-21] of a stroke shown in MRI.
These signals change differently to become hyperintense
on T1 and T2 from day 5. From day 15, a hyposignal ring
appears at T1 and T2, corresponding to hemosiderin
deposits.
Exploration includes blood and tissue compartment, T1
and T2 relaxation, and a blood-to-tissue transfer sequency
[22, 23]. T1 sequences are extremely useful in detecting
transient ischemic strokes and their differentiation from
epilepsy attacks or other causes of loss of consciousness
[24, 25].
Even if gadolinium-based contrast agents appear to be
safe in pregnancy, none of the female patients in our group
was confirmed so [26-29].
In case of contrast-extravasation following
haemorrhagic stroke, the images obtained by MRI
technique are also iso-intensive in T1 and hypointense in
T2.
In the case of thrombotic cerebral accidents, T1 weighs
an iso-intensive signal on both sides of the lesion and
hypointense in T2.
Certain studies in the literature show that iodinated
contrast agents used in CT and MRI techniques could
disrupt the effect of thrombolytic medication. This would
mean that the method is contraindicated in patients
diagnosed with embolic stroke. This theory has not been
proven, and is thus denied.
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MRI with contrast substance is more useful for patients
diagnosed with embolic stroke as long as blood-brain
barrier permeability changes can be tracked, using
dynamic contrast-enhanced magnetic resonance
imaging.
Iron oxide (IO) nanoparticles such as Ferumoxytol are
being increasingly used to image cellular contribution to
neuroinflammation using MRI. They provide additional
information on neuroinflammator y phenomena, as
compared to conventional Gadolinium-enhanced MRI. This
is posible because these particles are allowing to assess
cell trafficking from the blood to neuroinflammation sites
by phagocytic activity. They have a widespread availability
and relatively low costs together with great accuracy [3032].
In this way, vascular intracerebral phenomena occurring
after reperfusion of affected area can be monitored by
native MRI also [33].
Knowing the functional anatomy of the blood-brain
barrier is of utmost importance for the understanding of
ischemia-reperfusion injuries that are directly related to
haemorrhagic transformation. rtPA (the recombinant
human plasminogen activator) increases the risk of
symptomatic post-reperfusion intracranial haemorrhage.
Modern radiological techniques allow understanding of the
pathological disorders of blood-brain barrier, and MRI can
be a rigorous method for assessing the risk of bleeding. In
this regard, a micellar polymeric MRI contrast agent is used
[34- 39].
Conclusions
MRI with contrast substance is a basic technique in
diagnosing and evaluating the prognosis of patients
diagnosed with stroke. The use of special contrast agents
opens the way for their MRI functional exploration and
monitoring.
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