European Journal of Radiology Open 5 (2018) 45-51

Contents lists available at ScienceDirect
RADIOL(%%E]

European Journal of Radiology Open

v

journal homepage: www.elsevier.com/locate/ejro

Imaging features of neurotoxoplasmosis: A multiparametric approach, with
emphasis on susceptibility-weighted imaging™

John C. Benson™*, Gustavo Cervantes’, Thomas R. Baron”, Andrew E. Tyan®, Siobhan Flanagan®,
Leandro T. Lucato’, Alexander M. McKinney®, Frederick Ott”

@ University of Minnesota Medical Center, Department of Radiology, Minneapolis, MN USA

® Marcelino Campagnat Hospital, Department of Radiology, Division of Neuroradiology, Curitiba, Brazil
€ Johns Hopkins, Department of Radiology, Baltimore, MD, USA

d University of Sao Paulo, Department of Neuroradiology, Sao Paulo, SP, Brazil

ARTICLE INFO ABSTRACT

Background: Neurotoxoplasmosis is a common opportunistic infection in HIV/AIDS patients. Imaging identifi-
cation of neurotoxoplasmosis assists in timely treatment.

HIV Purpose: To delineate the frequency of imaging abnormalities in patients with neurotoxoplasmosis on different
AIDS MR sequences with a particular focus on SWI, and NCCT.

Material and methods: The PACS database was retroactively searched over a 5-year period for patients with
neurotoxoplasmosis who underwent MRI with SWI. Included patients had imaging features of neurotox-
oplasmosis based on consensus review by two neuroradiologists, a clinical diagnosis of neurotoxoplasmosis at
the time of MRI, and diagnostic confirmation based on positive serum or CSF serology or histopathology; 15
patients were included. The number of abnormal foci with restricted diffusion, increased FLAIR signal, intrinsic
T1 hyperintensity, abnormal enhancement (CE-T1WI), and intrinsic hyperdensity on CT were recorded.
Results: Intralesional susceptibility signal (ISS) foci on SWI were observed in 93.3% of patients with neuro-
toxoplasmosis (mean size 5.2 = 3.8 mm). The average number of ISS foci was 3.9 per patient; 3/15 (20.0%) had
a single ISS. Amongst other MR sequences, hyperintense FLAIR foci were the most common abnormalities ob-
served (12.4 lesions/patient), followed by enhancing foci (8.2 lesions/patient), foci of restricted diffusion (7.1
lesions/patient), and intrinsic T1 hyperintense foci (3.4 lesions/patient). Abnormalities were least frequently
observed on NCCT: abnormalities were identified in 5/15 (33.3%) patients, at a rate of 0.4 lesions/patient.
Conclusion: 1SS foci are present in the vast majority of neurotoxoplasmosis patients, likely representing he-
morrhage. The incidence and frequency of other abnormal foci are highest on FLAIR, and lowest on NCCT.
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1. Introduction

Neurotoxoplasmosis has become a leading cerebral opportunistic
infection in patients with HIV [1]. It is estimated that nearly 40% of the
HIV-infected population will develop neurological manifestations
during their lifetime, while over 75% are affected on autopsy [2-5]. In
addition, one-third of patients with advanced immunosuppression may
develop cerebral toxoplasmosis in a 12-month period [6].

The initial diagnosis of neurotoxoplasmosis is usually made em-
pirically if multiple ring-enhancing lesions are present on brain MRI,
serology is positive for Toxoplasma gondii in the CSF or blood, and
subsequent clinico-radiological improvement after anti-toxoplasma
therapy is observed. However, a shorter time to diagnosis is preferable
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in order to avoid the side effects of anti-toxoplasma medications, as
well as to avoid treatment delays if the alternative scenario of tumor is
present. Additionally, empiric diagnosis can be problematic because
elevated serum IgG anti-toxoplasma titers are common in the general
population in the absence of active disease [6-9]. While brain biopsy is
the gold-standard for diagnosis, it is typically reserved for patients who
are seronegative and have shown a lack of improvement after a two-
week trial of empiric therapy [10]. Meanwhile, the use of steroids in
tandem with anti-toxoplasma medications can falsely improve the
neurological symptoms in patients thought to have cerebral tox-
oplasmosis, but who actually have PCNSL [11].

Already, a number of imaging features of neurotoxoplasmosis have
been described. The process often appears as multifocal ring-enhancing
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lesions in the cortex and periventricular white matter; when present, an
“eccentric target sign” consistenting of an eccentric nodule along the
rim of an enhancing lesion is considered pathognomonic [12]. How-
ever, to date only a few case reports have recently described abnormal
signal within neurotoxoplasmosis lesions on CT or GRE T2*WI MRI
[13,14]. SWI utilizes blood oxygenation level-dependent principles to
detect susceptibility effects via the paramagnetic properties of hemor-
rhage, venous blood, or physiologic iron, as well as to identify calcium
[15-19]. SWI has already proven to be much more sensitive than CT or
conventional GRE T2*WI in the detection of cerebral hemorrhage
[15,20]. Hence, the aim of this study was to identify the frequency of
abnormal SWI foci in patients with neurotoxoplasmosis, as well as to
delineate the frequency of abnormalities on other MR imaging se-
quences and non-contrast CT (NCCT).

2. Materials and methods
2.1. Patient selection and diagnosis

The institutional review board approved this retrospective study.
During a 5-year period from 6/2010 to 6/2015, the electronic health
records and PACS database were searched for patients with neurotox-
oplasmosis who underwent SWI MRI at presentation. The inclusion
criteria for neuroimaging review were: 1) a recent clinical diagnosis of
neurotoxoplasmosis with a brain MRI with intravenous gadolinium
contrast agent that utilized SWI, and 2) confirmation via either clinical
improvement after therapy, positive serology, or histopathological di-
agnosis. Patients were excluded due to either: 1) lacking an MRI prior to
therapy, or 2) suboptimal and/or non-diagnostic MRI secondary to
motion or artifacts.

2.2. Diagnostic criteria

The etiologic workup of those patients ultimately determined to
have neurotoxoplasmosis included detection of serum or CSF IgG+/—
IgM antibodies against T. gondii. Despite T. gondii serology testing, a
CSF analysis was also obtained at admission for exclusion of other less
common CNS opportunistic organisms, including, but not limited to: JC
virus, herpes simplex virus type 1 and 2, varicella zoster virus,
Cryptococcus neoformans, and Mycobacterium tuberculosis.

Brain MRI were interpreted via consensus of a neuroradiology
fellow (GMC) and a staff neuroradiologist with > 10 years’ experience
(AMM). To assess the frequency of brain lesions in patients with neu-
rotoxoplasmosis, the readers documented the frequency of neuroima-
ging findings by manually counting the number of lesions on the fol-
lowing sequences at initial presentation: 1) SWI, 2) FLAIR, 3) DWI, 4)
noncontrast TIWI, 5) CE-T1WI, and 6) NCCT. The maximum number of
lesions was recorded as 20, even if greater. Each sequence was reviewed
in conjunction with FLAIR, which was considered the standard for the
presence or absence of a lesion. Regarding SWI, both the axial 2mm-
thick and reformatted minimum intensity projections (8-10 mm thick-
ness) were reviewed in conjunction with filtered-phase maps in order to
distinguish paramagnetic (e.g. ferritin, hemosiderin) from diamagnetic
(e.g. calcification) substances. Intralesional susceptibility signal (ISS)
foci were defined as blooming signal on susceptibility-weighted images
corresponding with abnormal foci on other sequences. ISS were ex-
cluded if the pattern and distribution of the hemorrhagic foci had
imaging characteristics of vasculopathy-related microhemorrhages as
multiple scattered punctate foci or confluent patchy subcortical and
periventricular signal changes on FLAIR images, rather than ill-defined
toxoplasmosis lesions surrounded by perilesional edema. In addition,
the abnormalities within FLAIR-positive lesions on the following ima-
ging sequences were noted: 1) the number of enhancing lesions on CE-
T1WI, 2) the number of foci of reduced diffusion on DWI and ADC
images, 3) the number of hyperintense foci on noncontrast TIWI, and
4) the number of hyperdense foci on NCCT. Size of ISS was recorded in
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mm; size and characteristics of abnormal foci on other sequences was
not collected.

MR examinations were acquired on both 3T ((Tim Trio; Siemens
Healthcare, Erlangen, Germany) with the following sequence para-
meters: TR 27 ms, TE 20 ms, flip angle 15°, bandwidth 250 kHz, matrix
size 256 X 134, thickness 2 mm, parallel factor = 2, and acquisition
time of about 2.5min) and 1.5T ((Avanto; Siemens Healthcare,
Erlangen, Germany) with the following sequence parameters: TR 49 ms,
TE 40 ms, flip angle 15°, bandwidth 80 kHz, matrix size 256 X 157,
slice thickness 2.5 mm, parallel factor = 2, and an acquisition time of
about 3 min) scanners, being obtained on four different scanner models
over the study period. CT imaging was completed on either a 64 mul-
tidetector scanner (Sensation, Siemens Healthcare, Erlangen,
Germany), or a dual-source 256 slice scanner (Definition Flash, Siemens
Healthcare, Erlangen, Germany). Regarding postcontrast CE-T1WI MRI,
the intravenous gadolinium-based contrast utilized was gadobutrol,
with a weight-based bolus of 0.1 mL/kg (0.1 mmol/kg, maximum of
10 mL total), and a 5-min delay prior to TIWI acquisition. Each se-
quence was obtained in multiple planes at 5mm axial thickness, with
the exclusion of SWI, which was reconstructed at 2 mm. The DWI
gradient strength was b = 1000 s/mm?.

3. Results
3.1. Patient population

The electronic health records and PACS database searches yielded
32 patients with toxoplasmosis who underwent contrast enhanced MRI
with SWI; 17 were excluded from imaging review due to SWI not being
performed (n = 9), a lack of clinical or MRI followup (n = 7), or motion
degradation during the MRI that precluded interpretation (n = 1).
Ultimately, 15 patients (13 males) were included for imaging review
(mean age 44 years, range 34-51). All 17 patients were im-
munocompromised with HIV/AIDS. Every patient had CD-4 T-cell
count levels < 50 cells/ul. (mean: 7.2cells/ul; range 1.3-26.0).
Average time to followup was 15 months for MRI, and 20 months for
clinical followup.

3.2. Clinical followup

Three patients underwent biopsy; two of these patients had im-
provement on an MRI within 2 weeks of initiating anti-toxoplasma
therapy, while the third had cerebellar enhancing lesions that did not
improve until nearly 2 months after starting anti-toxoplasma therapy
(Table 1). None of the patients expired prior to the resolution of their

Table 1

MR, CT, and clinical data on 15 patients with neurotoxoplasmosis. HIV + indicates in-
fected patients wit low CD4 counts (below 50 uL). MR indictes the magnet strength used
at the time of the study acquisition.

No./Sex/ FLAIR CE-TIWI DWI SWI TIWI CT HIV+ Biopsy MR
Age(y)

01/M/34 20 20 30 3 0 1 Y Y 3.0T
02/M/46 20 20 20 5 0 1 Y N 3.0T
03/M/35 20 20 12 4 16 0 Y N 3.0T
04/M/44 20 20 7 20 O 0 Y N 3.0T
05/M/37 20 20 5 1 9 1 Y N 1.5T
06/F/40 20 5 20 2 1 0 Y N 3.0T
07/M/40 20 4 3 3 11 0 Y N 1.5T
08/M/42 20 0 11 100 9 0 Y Y 3.0T
09/F/50 10 1 0 0 1 1 Y N 1.5T
10/M/48 5 5 1 4 2 0 Y N 3.0T
11/M/50 5 2 2 1 0 2 Y N 3.0T
12/M/50 2 2 2 2 1 0 Y N 3.0T
13/M/39 2 2 0 2 0 0 Y N 3.0T
14/M/51 1 1 1 1 1 0 Y N 1.5T
15/M/43 1 1 1 1 0 0 Y N 1.5T
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Fig. 1. Noncontrast TIWI (A), FLAIR (B), T2WI (C), CE-T1WI axial (D) and coronal (E), and axial SWI (F) images in a 37 yearold patient with toxoplasmosis. A rim-enhancing lesion was
noted in the right cerebellar hemisphere, with moderate associated surrounding edema noted on T2WI (B) and FLAIR (C). Several ISS were identified with the center of the lesion (white
arrow on F). Other, less conspicuous SWI foci were also noted along the lesion’s periphery (not shown).

neurological manifestations. Two patients expired from non-related
processes during the 5-year study period: one from aspergillus pneu-
monia, and the other from an unknown cause.

3.3. Imaging results

ISS on SWI were identified in 14/15 (93.3%) of the neurotox-
oplasmosis patients (mean size 5.2 * 3.8 mm) (Figs. 1-5). For all pa-
tients, the average number of ISS was 3.9 lesions/patient; 4/15 (26.7%)
patients had a solitary ISS. Other MR and CT characteristics of the

toxoplasmosis lesions are provided in Table 1. The average number of
abnormal foci identified on the various imaging sequences were as
follows: SWI = 3.9 lesions/patient, FLAIR = 12.4 lesions/patient, CE-
T1WI = 8.2 lesions/patient, DWI = 7.1 lesions/patient, and non-
contrast TIWI = 3.4 lesions/patient. The average number of CT-hy-
perdense lesions was 0.4 lesions/patient. Most patients had regression
of the brain lesions between 2-4 weeks (mean weeks: 2.5, range: 2-6)
after the start of therapy (Fig. 6).

On DWI, 13/15 (86.7%) patients had at least one bright lesion with
reduced diffusion on ADC maps. By comparing noncontrast T1 signal

Fig. 2. Baseline noncontrast TIWI (A), CE-T1WI (B), mIP SWI (C), and 2-week followup noncontrast TIWI images (D) of a patient treated with anti-toxoplasma medication. Two weeks
later, the lesion in the left temporal lobe and a lesion in the left cerebellum (not shown) developed speckled intrinsic hyperintense foci on noncontrast TIWI (white arrowheads on A and
D), a consequence that occurs in response to protein hydration layers that fill up the cytoplasm of reactive astrocytes. Two susceptibility signal foci (black arrowheads on D) are shown in
the left temporal lobe lesion. While the SWI signal abnormalities remained stable on followup, the unusual T1-hyperintense signal changes was a transitory condition detected after

empiric anti-toxoplasma therapy on most patients with toxoplasmosis.
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Fig. 3. Patient who presented with alterered mental status and a recent syncopal event. NCCT (A) demonstrated an ill-defined low-density lesion in the left cerebellar hemisphere (curved
arrow on A, B, and C), as well as other lesions within the left basal ganglia (not shown). MR demonstrated hyperintense signal within this region on T2WI (B). On coronal contrast-enhanced
T1WI (C), a ring-enhancement was noted within this region; a single intralesional susceptibility signal focus was identified (D).

abnormality on pre- and post-anti-toxoplasma therapy imaging, the
presence of speckled T1-hyperintense foci during the followup MRI was
evident in 9/15 (60%) of patients.

4. Discussion

The current study found that SWI abnormalities are present in the
vast majority of patients with neurotoxoplasmosis. Of the other imaging
sequences studied, abnormalities were most commonly identified on
FLAIR, followed by CE-T1WI. Lesions were less likely to be identified on
NCCT. Thus, SWI could be of utility in characterizing neurotox-
oplasmosis and in differentiating this disorder from others in im-
munocompromised patients, such as primary CNS lymphoma, as the
vast majority of primary CNS lymphoma lesions do not contain ISS on
SWI [21]. Future, prospective studies should compare the frequency of
ISS on SWI in various immunocompromised disorders of the CNS.

The capability of SWI to identify hemorrhagic lesions makes it a
useful tool in characterizing hemorrhagic foci in neurotoxoplasmosis. It
is superior to GRE T2*WI in determining the frequency, distribution,
and size of hemorrhages, likely due to GRE T2*WI’s lack of post-
processing of the combined magnitude and phase data, as well as the
inferior spatial-resolution [22,23]. The prior literature on micro-
hemorrhagic foci in patients with toxoplasmosis is scant; one study
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found microhemorrhagic foci in a minority of patients on NCCT, while a
more recent series found one or multiple hemorrhagic foci in 7 of 11
patients based on either CT or TIWI MRI [13,24-26]. Thus, the superior
sensitivity of SWI in the detection of hemorrhage likely accounts for the
greater frequency of observed foci noted in the current study.

The precise mechanism causing the observed hemorrhagic foci is
unclear. However, focal or multifocal necrotizing abscesses are the
histologic hallmark of toxoplasmosis with tachyzoites and bradyzoites
lodging in areas of acute necrosis in T. gondii lesions [27]. Acutely
infected necrotizing lesions in toxoplasmosis may produce damage to
the walls of small arterioles, by progressing to focal destruction or
thrombosis of small capillaries, arterioles and venules by parasitism or
immune-mediated vasculitis, as previously described on histological
specimens [24,27]. However, toxoplasmosis is not the only disorder in
the immunocompromised that causes microhemorrhage. Vascular da-
mage causing microhemorrhage can also occur in other diseases
common in HIV/AIDS, including primary CNS lymphoma [25,28].
Further research is needed to assess whether ISS can be used to dif-
ferentiate toxoplasmosis from these other processes.

To date, only a few studies have described the association of non-
contrast T1-hyperintense signal changes in patients with neurotox-
oplasmosis [13,14]. In this study’s population, speckled noncontrast T1-
hyperintense signal on MR imaging was more readily and frequently
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Fig. 4. A patient with known toxoplamosis and poor adherence to medication presented with new neurologic symptoms. Contrast enhanced TIWI (A) showed a ring-enhancing lesion in
the right frontal lobe. Mixed intensity within this region was noted on corresponding FLAIR (B) images, as well as other scattered white matter disease. The lesion demonstrated mild

restricted diffusion (C) as well as intralesional susceptibility signal foci (D).

identified. Such T1 signal abnormality seems not directly attributable to
hemorrhage, as evidenced by the lack of associated ISS on SWI, or to
calcification, given the lack of hyperdensity on CT. In addition, these
changes appear to occur temporarily, as they mostly occurred between
2 and 4 weeks after the start of empiric therapy. Although technically
indeterminate, it is possible that these foci represent a consequence of
glial responses (gemistocytic astrocytosis).

Regarding the other foci observed, it should be noted that the fre-
quency of abnormalities on each sequence does not imply specificity to
neurotoxoplasmosis. For example, the current studied demonstrated
greater frequency of FLAIR abnormalities than enhancing lesions.
However, while the enhancing eccentric target sign is considered pa-
thognomonic for neurotoxoplasmosis, FLAIR foci are relatively non-
specific [12]. Hence, the frequency of abnormal foci in this study
should be considered descriptive of neurotoxoplasmosis findings, rather
than ordered in the list of specificity.

The study has several limitations. First, in the era of HAART
therapy, the number of HIV-infected patients presenting with AIDS-
defining opportunistic infections or neoplasms has decreased. Hence, a
relatively small patient sample was available. Next, because it was
difficult to count and compare the number of lesions on SWI if the
stipulated maximum threshold of 20 FLAIR-positive lesions in this study
was exceeded, the results are expressed as the average number of
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lesions. Because of this, there may have been slight underestimation of
the overall number of lesions on SWI. In addition, because the max-
imum number of foci recorded was 20, comparisons between lesions
(e.g. the proportion of enhancing foci that had ISS) were not available.
Also, patients were imaged on two different MR scanners (1.5T and
3.0T), which may have affected the number of SWI foci observed. Next,
because this study sought specifically to quantitate the frequency of ISS,
while secondarily noting the number of abnormal foci on other se-
quences, the qualitative characteristics on each imaging sequence (e.g.
the eccentric target sign) were not addressed; assessing the correlation
between ISS and other imaging signs could be a subject of future stu-
dies. Finally, as noted above, hemorrhagic foci have also been described
in primary CNS lymphoma. Although the presence of microhemor-
rhages may serve as a useful adjunct in the diagnosis of toxoplasmosis,
further research is needed to determine if this imaging feature can be
used to differentiate toxoplasmosis from primary CNS lymphoma and
other disorders in the immunocompromised.

5. Conclusions
In our experience, abnormal SWI foci are present in the vast ma-

jority of patients with neurotoxoplasmosis, and are presumably attri-
butable to hemorrhage. Although these findings appear to be common
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Fig. 5. Multiple ring-enhancing lesions in a patient with toxoplasmosis are noted (A and C). Intralesional susceptibility signal foci are identified within each lesion: including the medial
right thalamus (straight arrow, B) and the gray-white junction of the cerebral cortex (curved arrow, D).

Fig. 6. Numerous ring enhancing lesions in a 39 year old patient with toxoplamosis. Many of the larger lesions (curved arrow, A) demonstrated intralesional susceptibility signal foci
(curved arrow, B), while some of the smaller lesions did not (straight arrows, A).
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in toxoplasmosis, they are not specific to the process, and can also be
seen in primary CNS lymphoma, which is an important diagnostic
consideration. Future studies may be useful to determine if there is a
difference in the frequency of SWI abnormalities between tox-
oplasmosis and CNS lymphoma. On other imaging sequences, abnormal
foci were most commonly identified on FLAIR imaging, whereas CT
abnormalities were rare.
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