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Perfusion-weighted magnetic resonance
imaging in the evaluation of focal
neoplastic and infectious brain lesions

Perfusio por ressonancia magnética na avaliacao das
lesdes focais neoplasicas e infecciosas do encéfalo

Valdeci Hélio Floriano', José Roberto Lopes Ferraz-Filho®,
Apntonio Ronaldo Spotti’, Waldir Antinio Tognola
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Resumo

A ressonancia magnética (RM) ¢ o método de diagndstico por imagem de escolha na avaliacdo encefdlica, entretanto as técnicas convencionais
de RM podem apresentar limitacies por fornecerem somente pardmetros gualitativos ou anatonicos. Nas diltimas décadas, tém surgido novas
técnicas complementares de RM que fornecem parametros quantitativos proporcionando informagies funcionais ou metabélico-bioguimicas. A
perfusio é atualmente uma destas técnicas que vem se apresentando como uma importante ferramenta na nenrorradiologia. O objetivo deste
artigo € apresentar uma revisio sobre o papel da seqiiéncia de perfusio por RM na avaliacio das lesoes focais neopldsicas e infecciosas, sinicas ou
miiltiplas, do encéfalo. O estudo da perfusio encefilica pode ser realizado como método complementar as técnicas convencionais de RM,
permitindo o acesso aos parametros hemodindmicos de nma maneira ndo invasiva e demonstrando o gran de angiogénese das lesoes sendo,
portanto, iitil na diferenciagdo entre lesoes neopldsicas e infecciosas, tumor primdrio e meldstase sinica e no seguimento pos-tratamento para a
diferenciacdo entre recidiva tumoral e radionecrose, através da demonstragio da presenca ou anséncia de hiperperfusdo.
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Abstract
Magnetic resonance imaging (MRI) is the gold standard method for brain assessment however the conventional MRI technigues may

present limitations by only providing qualitative or anatomic parameters. Over recent decades, new complementary MRI techniques have been
developed that supply quantitative parameters providing functional or metabolic-biochemical data. Perfusion-weighted imaging, one of these
techniques, has become a powerful tool in neuroradiology. The goal of this article is to present a review about the role of perfusion-weighted
MRI in the evaluation of solitary or multiple, neoplastic and infectious, focal brain lesions. Brain perfusion studies can be achieved as a
complementary method to conventional MRI technigues to provide hemodynamic parameters using a non-invastve technigue. This method
demonstrates the degree of angiogenesis of lesions and is thus useful in the differentiation between neoplastic and infections lesions, primary
tumors and solitary metastases and in the post-treatment follow up to differentiate between tumoral recurrence and radionecrosis by identifying
the presence or absence of hyperperfusion.
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Introduction

Magnetic resonance imaging (MRI) is the gold
standard method in brain assessment. However, the
conventional MRI techniques may present Iimitatl?lrg?glzy
only providing qualitative or anatomic parameters
The main limitations include the difficulty to identlfy
the exact limits of the lesion, the degree of malignancy
and the differentiation between tumoral recurrence and
radionecrosis Over recent decades, new
complementary MRI techniques have been developed
that supply quantitative parameters providing functional
ot metabolic-biochemical data . Perfusion-weighted
imaging (PWI), one of these techniques, has become a
powerful tool in neuroradiology.

Perfusion-weighted imaging may be performed as
a complementary examination to conventional MRI
techniques, giving non-invasive access to brain
hemodynamic parameters and demonstratlnﬁg regional
. Cerebral

perfusion is defined as the volume of blood that passes

variations of microcirculation by mapping

through a determined tissue mass over a unit of
tiine“’ . In PWI, however, the term “perfusion” includes
several hemodynamic measurements such as the cerebral
blood volume (CBV), cerebrlzlllsglﬂ%od flow (CBF) and
the mean transit ime (MTT) =~

The clinical applications of PWT in the evaluation
of focal brain lesions include the differentiation between
neoplastic and infectious lesions, primary tumors and
solitary metastasis and, in the post-treatment follow up,
the differentiation of tumoral recurrence and
radlonecrosisq B

The goal of this artlcle is to present a review about
the role of perfusion-weighted MRI in the evaluation
of solitary or multiple, neoplastic and infectious, focal
brain lesions.

Technical considerations

Basically there are two MRI techniques for the
evaluation of cerebral hemodynamics: dynamic
susceptibility contrast-enhanced (DSC), achieved with
a bolus injection of magnetic contrast agent (para- or
superparamagnetic) that, on passing through the capillary
network, determines transitory alterations in the magnetic
field of the cerebral tissue measured by means of
variations in the signal intensity, and the artetial spin labeling
(ASL) technique which uses manipulation of the
magnetization of the water molecules presentin the blood

55

to obtain an endogen marker of the blood flow
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The DSC MRI technique, first described by Rosen
et al in 1991, uses rapid image sequence acquisition
that can be T1 or T2-weighted, each one of which
presents with specific advantages and disadvantages. The
T2-weighted DSC technique uses spin-echo (SE) or
gradient-echo (GRE) sequences, with the latter being
denominated T2*. Spin-echo sequences have the
advantage of diminishing artifacts at brain-bone and
brain-air interfaces and is more sensitive to signal
changes of the magnetic contrast agent passing through
small vessels including capillaries. Its main disadvantage
is the necessity of a larger dose of magnetic contrast
agent to determine similar signal alterations when
compared to GRE sequences. The T1-weighted DSC
technique has the advantage of requiring a smaller dose
of magnetic contrast agent and provides a better
temporal resolution however its main disadvantage is
that the extravasation of contrast due to blood-brain
barrier (BBB) disruption may lead to elirzf’)%gsbgl
measurements of hemodynamic parameters
The disruption of the BBB, frequently observed in
malignant tumors, with consequent extravasation and
recirculation of the contrast, is a limitation of the
perfusion method due to the T1 shortenlng effect that
causes an underestimation of the CBV . There is thus,
in these cases, the necessity to correct thls effect so as
not to underestimate the values of CBV'. One manner
to reduce it is to utilize a gamma-variate function on
the measured signal intensity versus time curve which
provides the different parameters related to relative
hemodynamics. However, this analysis does not give an
absolute value of CBYV, but provides a relative

measurement; the relattve CBV (tCBV) is pro ornonal
9,11,16,30,34

to the area under the corrected curve

The main contraindication of techniques that employ
paramagnetic gadolinium-based contrast agents, is their
association with the development of nephrogenic
systemic fibrosis in patients with advanced renal failure
(glomerular filtration rates of less t}};}n 30 ml./min/
1.73m ) in particular dialysis patients

Although DSC MRI is the technique most commonly
employed in the clinical practice, the ASL technique has
demonstrated promising results in clinical diagnosis. The
production of perfusion images with ASL, contrary to
the techniques that use exogen contrast agents, is totally
non-invasive; its contrast agent is diffusible and has
greater temporal resolution, reproducibility and
measuring capacity. The limitations originate, mainly,
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from its low sighal-to-noise ratio, accentuated sensitivity
to movement artifacts and the long time needed for
the acquisition of images, which have been the impetus
for research and development of different resources in
an attempt to improve and, Cﬁ?%%%ﬁ?dy’ widen the
technique’s clinical applicability -

Clinical applications

Conventional MRI with T'1 and T2-weighted images
is often utilized in the diagnosis of brain lesions with
the evaluation of focal or diffused involvement, presence
or absence of edema, hemorrhage, necrosis, increases
in the intracranial pressure, mass effect and
characterization of the pattern of contrast enhancement
of the lesions, which may indirectly identify the degtee
of aggressiveness, even though there is controversy
about the data obtained by thlsmlgrﬁ%gllng method and
the anatomopathological results

According to Law et al. the presence of a distruption
of the BBB is frequently associated to malignant
neoplasms, however contrast enhancement of the lesion
does not demonstrate the degree of malignity. The
perilesional hyperintensity on conventional T2-weighted
MRI presents a low specificity, and may represent
tumoral infiltration, vasogenic edema or both. In respect
to the mass effect and the presence of necrosis, Dean
stress that these parameters are the most
important predictive factors of the36degree of

et al

malignancy, however they are not specific .

The study of PWI can be utilized together with
conventional MRI to demonstrate regional variations
in th(;:5 fgerebral microcirculation by means of rCBV
maps . Relative cerebral blood volume maps show
vascularization of brain lesions, which indirectly estimate
angiogenesis, thereby identifying lesions that may be
similar to neoplasms, to infectious or inflammatory
processes, to tumefactive dem}rehnanng lesions or to

necrosis induced by radiation

Perfusion-weighted MRI in focal
neoplastic lesions

Gliomas are the most common primary tumors of
the central nervous system (CNS), accounting for 40%
of all primary intracranial neoplasms, with glioblastoma
multiforme being the most common malignant subtype
corresponding to 12 to 15% of all intracranial
neoplasmswj, Perfusion-weighted imaging studies of
malignant gliomas show higher rCBV values (Figure 1)
when compared to glial neoplasms with low degrees
(Figure 2).

26,43
of anaplasia
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Although several authors have demonstrated
significant correlations between the tCBV and the degtee

of malignancy of glial tumors

, the increase in
the vascularlzatlon does not necessarﬂy signify
mallgnancy The best example is the oligodendro-
glioma, considered a non-astrocyte glial tumor that
presents a high rCBV value (Figure 3) as, one
characteristic of this tumor is its rich and delicate capillary
network; hlstolo%lcally itis charactetized with a low grade

of malignancy

Metastases are the most frequent intracranial tumors
in adults and (generally occur by hematogenous
dissemination . Solitary metastasis occur in 30 to 50%
of the cases thus making differential diagnosis with
primary tumors difficult, mainly when there is no

11,12
information about the involvement outside the CNS

Brain perfusion-weighted MRI is not capable of
differentiating primary tumors from solitary metastasis
as both lesions are hypervascularized and thus present
high rCBV values. However, there is a difference in the
rCBV measured in the perilesional region which presents
a higher value in primary tumors compared to
metastases. This may be explained by the fact that in
metastasis there is only vasogenic edema in the
perilesional region without histological evidence of
tumor beyond the outer enhancing margin. On the other
hand, with primary tumors, the perilesional region
presents with vasogenic edema and tumoral cell

1,9,11,12,33,57
infiltration in the perivascular spaces

Primary lymphomas of the CNS have been
increasing in incidence in immunocompetent and
immunodepressed individuals, representmg up to 16%
of all primary brain tumors . Lymphoma and
toxoplasmosis are the most frequent focal brain lesions
in acquired immunodeficiency syndrome patients and
are difficult to differentiate by conventional MRI
methods as they can be solitary or multiple and not
infrequently exhibit peripheral enhancement by the
contrast agentwj The role of PWT is to detect and
quantify angiogenesis and so it is consequently useful to
differentiate between lymphomas, toxoplasmosis and
highly malignant gliomas, although angiogenesis is not a
prominent characteristic of lymphomas. Several authors
have demonstrated that the tCBV values of lymphomas
are higher than those of toxoplasmosis infections and
lower than those of highly malignant glial

14,22,27,28,53,57
neoplasms .

Volume 46 » N°2 »  abr-mai-jun, 2010 » 31



g8 ‘b4

L B4 ¢ B4

9 b4

G bi4




Figure 1. Glioblastoma multiforme in a 72-year-old man. (A)
Axial fluid-attenuated inversion recovery (FLAIR) MR image
showing a heterogeneous mass with moderate peritumoral
edema in the left frontal lobe (arrowheads). (B) Axial contrast-
enhanced T1-weighted MR image showing irregularly enhanced
mass (arrowheads). (C) Axial tCBV color map demonstrating an
area of hypervascularity (high rCBV value) in the tumor

(arrowheads).

Figure 2. Low-grade fibrillary astrocytoma in a 23-year-old
man. (A) Axial FLAIR MR image showing a hyperintense mass
in the left temporal lobe (arrowheads). (B) Axial contrast-
enhanced T1-weighted MR image showing a non-enhanced left
temporal lobe tumor (arrowheads). (C) Axial rCBV color map
demonstrating no evidence of increased vascularity (low rCBV

valuc) in the tumor (arrowheads).

Figure 3. Oligodendroglioma in a 46-year-old woman. (A)
Axial FLAIR MR image showing a hyperintense mass in the left
frontal lobe (arrowheads). (B) Axial contrast-enhanced T1-
weighted MR image showing a non-enhanced left frontal lobe
tumor (arrowheads). (C) Axial rCBV color map demonstrating a
focus of increased vascularity (high tCBV value) in the tumor
(arrowheads).

Figure 4. Toxoplasmosis lesion in a 29-year-old man with
AIDS. (A) Axial FLAIR MR image showing a hyperintense
mass surrounded by edema in the right basal ganglia
(arrowheads). (B) Axial contrast-enhanced 11-weighted MR
image showing enhanced rim lesion (arrowheads). (C) Axial
rCBV color map demonstrating no evidence of increased
vascularity (low rCBV value) in the lesion (arrowheads).

Intracranial extra-axial neoplasms are highly
vascularized tumors that originate in the meninges,
ventricles, choroid plexus and pineal gland. Studies of
extra-axial tumors using the perfusion technique show
immediate and persistent extravasation of the contrast
agent during dynamic imaging due to the absence of
the BBB with consequent etrors in the measurement of
the rCBV .

Perfusion-weighted MRI is a useful tool to choose
the site for stereotactic biopsies by characterization of
the area with the greatest rCBV, which has demonstrated

correlation with

high
411,1641,53,59
results

anatomopathological

The differentiation between tumoral recurrence and
radionecrosis can not be exactly ascertained by
conventional MRI even with the utilization of a contrast
agent and thus remains a challenge as the therapeutic
conduct of these two entities is totally different.

According to Covarrubias et al. the damage of the
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Figure 5. Cysticercosis lesion in a 35-year-old man. (A) Axial
FLAIR MR image showing an isointense mass without edema in
the right frontal lobe (arrowhead). (B) Axial contrast-enhanced
T1-weighted MR image showing a non-enhanced lesion
(arrowhead). (C) Axial rCBV color map demonstrating no
evidence of increased vascularity (low tCBV value) in the lesion
(arrowhead). Follow-up confirmed neurocysticercosis.

Figure 6. Cryptococcosis lesion in a 48-year-old man. (A) Axial
FLAIR MR image showing a hyperintense mass surrounded by
edema in the right cerebellar hemisphere (arrowhead). (B) Axial
contrast-enhanced T'1-weighted MR image showing irregularly
enhanced lesion (arrowhead). (C) Axial rCBV color map
demonstrating no evidence of increased vascularity (low rCBV
value) in the lesion (arrowhead). Surgical procedure and
histopathology confirmed cryptococcoma in the
immunocompetent patient.

Figure 7. Paracoccidioidomycosis lesions in a 45-year-old man.
(A) Axial T2-weighted MR image showing hypointense lesions
with hyperintense area of surrounding edema in both brain
hemispheres (arrowheads). (B) Axial contrast-enhanced 11-
weighted MR image showing the ring enhanced lesions
(arrowheads). (C) Axial rCBV color map demonstrating no
cvidence of increased vascularity (low tCBV values) in the
lesions (arrowheads).

Figure 8. Pyogenic abscess in a 10-year-old boy. (A) Axial
contrast-enhanced T1-weighted MR image showing the ring
enhanced lesion in the right temporal lobe (arrowheads). (B)
Axial diffusion-weighted image demonstrating hyperintense
necrotic center, which represents restricted diffusion
(arrowheads). (C) Axial rCBV color map demonstrating no
cvidence of increased vascularity (low tCBV value) in the lesion
(arrowheads).

BBB induced by radiotherapy determines the
extravasation of the contrast agent to the interstice
resulting in a lesion that can mimic tumoral recurrence.
The evolutive control after treatment is frequently not
useful, as radionecrosis generally occurs from six months
to several years after radiotherapy, that is, the period
during which recurrence is most probable. Additionally
it is necessary to consider the possibility of coexistence
of lesions.

Radionecrosis usually presents a low tCBV value,
while in tumoral recurrence this value is high. Sugahara
et 211.54 determined the value of perfusion-weighted MRI
in the evaluation of intra-axial expansive processes after
radiotherapeutic treatment and demonstrated that tCBV
values greater than 2.6 were indicative of tumoral
recurrence and rCBV wvalues lower than 0.6 indicated
radionecross.
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Perfusion-weighted MRI in focal
infectious lesions

Intra-axial infectious lesions present a variable aspect
in PWI studies depending on the immunological status
of the patient and the aggressiveness of the infectious
agent“.

In neurotoxoplasmosis lesions there is a reduction
in the tCBV value measured at the lesion and the
perilesional edema (Figure 4) with values below those
of normal white matter . This hypoperfusion is
explained by vasoconstriction in the solid marginal
portion of the lesion determined by an increase in the
interstice pressure secondary to perilesional edema and
by the reductlon Jor even absence, of vascularization
inside the lesion . Another parasitic infection of the
central nervous system that usually has low values of
rCBV is cysticercosis. Although considered the most
common parasitic infection of the CNS, its diagnosis
remains difficult. Magnetic resonance findings of
cysticercosis are variable and depend on the stage of
the evolution of the infection. According to Amaral et
al.” the lack of hyperperfusion of the lesion makes the
diagnosis of a neoplastic process is unlikely, thus implying
a possible infectious cause (Figure 5).

In CNS tuberculosis, Batra & Tripathin demonstrated
that a significant number of lesions present high tCBV
values, similar to those found with cerebral gliomas.
However, the differentiation with primary CNS tumors
can be achieved by means of the measurement of the
perilesional rCBYV, as lesions by infection present low
rCBV values determined by vasoconstriction secondary
to the increase in interstitial pressure caused by
perilesional edema, while neoplasms present histological
evidence of tumor beyond the outer enhancing margin
and, consequently, high rCBV values. These authors stress,
however, that it may be difficult to differentiate between
tuberculoma and metastasis utilizing PWI alone, as both
lesions present with low perilesional rCBV values.

Cryptococcosis is a common mycotic central
nervous system infection caused by the fungus
Cryptococeus neoformans. It is most frequently found as the
pathological presentation of cryptococcal
meningoencephalitis. Other rare forms of central
nervous system cryptococcal infections are their solid-
granulomatous appearance and abscesses, both being
commonly named cryptococcomas, because of the mass
effect they cause in su(rrounding tissue that often

simulates a brain tumor . The measurement of rCBV
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in these lesions demonstrates low values denoting an
infectious cause (Figure 6).

Paracoccidioidomycosis (PCM) is the most common
endemic systemic mycosis in Latin America, with Bx;azil
accounting for 80% of the cases reported wotldwide
Involvement of the CNS can vary in between 9.9 and
27.3% of the cases Unnl now there are no studies about
the role of PWI in the evaluation of intracranial
granulomatous lesions secondary to PCM. In our service,
we performed perfusion-weighted MRI in one patient
with granulomatous neuroparacoccidioidomycosis,
which demonstrated a reduction in the rCBV value
(Figure 7). However, further studies with a larger sample
size should be performed before arriving at any
conclusion on the pattern of these lesions.

Cerebral abscesses, usually caused by a pyogenic
bacterial organism, are characterized by a central area
of cellular degradation with an accumulation of purulent
exudate and a pootly vascularized capsulesof collagen
which causes a reduction in the rCBV (Figure 8).
However, there are descriptions of cases with increases
in the rCBV in the capsular portion of the lesion that
are enhanced after the administration of a contrast
agent Holmes et al.” stressed that this discordance
between the tCBV values found with abscesses may be
explained by the measurement of only one arbitrary
hlghhghted that,

in latter stages, the capsule of the abscess may present

area of the lesion, while Ferreira et al.”

an increase in the rCBV.

The differentiation between cerebral abscesses and
cystic or necrotic tumors can be attained utilizing rCBV
maps. While the capsular portion of abscesses is
hypovascularized causing a reduction in the rCBYV, the
peripheral portion of tumors is hypervaslcularmed and,
thus, presents an increase in the tCBV

Other clinical applications of
perfusion-weighted MRI

Perfusion-weighted imaging has been utilized for
other clinical applications, such as, in the viability of
tissue surrounding areas of acute cerebral ischemia
(ischemic penumbra), evaluation of tumefactive
demyelinating lesions, therapeutic response of patients
submitted to anti-angiogenic drug therapy,
characterization of other diseases including reversible
posterior encephalopathy or hypertensive
encephalopathy, dementia, epilepsy, migraine and the
effect of psychoactive drugs such as cocaine, with many

11,1642.46
publications available in the literature
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