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Magnetic Resonance (MR) is a non-invasive modality of choice for the evaluation of brain
morphology, with superior performance as compared to other techniques. However, MR images are
typically assessed qualitatively, thus relying on the experience of the involved radiologist. This may lead
to errors of interpretation in the presence of subtle alterations and does not exploit the full potential of
this technique as a quantitative diagnostic tool. To this end Magnetic Resonance Relaxometry (MRR),
which is able to quantitively characterize the tissues under investigation through their relaxation rates,
seems extremely promising. Many studies assessed the feasibility of relaxometry as a diagnostic tool in
human brain disorders, with the most promising results obtained in the evaluation of neurodegenerative
diseases and in the oncologic field. However, despite such extensive literature in human medicine, due to
the lack of standardized protocols and the need of high-field MRI scanners, to date few studies have been
performed on companion animals. In this work, first we describe relaxometry applications in human
neuropathology and their possible extension to companion animals both in the experimental and clinical
fields. Then, we present two experiments performed on a typical standard clinical scanner operating at
0.25 T to show that, despite the low field intensity, this technique may be promising even in the clinical
setup. We tested the relaxometry protocol in a phantom study and then applied it to a real clinical case
study. The results showed that this protocol used on a phantom led to a higher contrast, as compared
to the standard approach. Furthermore, when applied to a real case study, this protocol revealed brain
lesions undetected by the standard technique which were confirmed by a histopathological examination.
These preliminary results are encouraging and support the development of this approach as an advanced
diagnostic tool even in a clinical setting where low field MRI scanners are typically employed.

Relaxometry refers to a Magnetic Resonance
Imaging (MRI) quantitative technique developed
to estimate the relaxation times of the tissues under
investigation. This approach is an emerging and
promising technique which aims at exploiting the
full potentiality of MRI as a quantitative diagnostic
tool (1). In fact, although MR is the modality of
choice for the evaluation of brain morphology, as

compared to CT (2), images are typically assessed
qualitatively, thus relying on the experience of
involved radiologists. This has severe drawbacks
(e.g. errors of interpretation in presence of subtle
alterations and unfeasibility of multi-center studies)
which are overcome with MR Relaxometry (MRR)
where individual contrast mechanisms (e.g. T1,
T2 and T2*) of the tissues under investigation are
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isolated and quantified (1, 3). Such mechanisms and
the basic MRR concepts are summarized in the next
section.

Several applications of MR relaxometry to human
medicine have been reported, e.g. in the oncologic
field, epilepsy and neurodegenerative disorders (4-
10), however, in veterinary medicine, few studies have
been performed on brain disorders affecting canine and
feline patients. For feline species, the first study was
performed by Kamman et al. to assess whether T1 and
T2 relaxation times could characterize brain edema
experimentally induced in feline brains (11). They
showed that there was a linear correlation between
water content and T1 and T2 relaxation times. The
second study, performed on cats at 4.7 T, investigated
T2 abnormalities in case of experimentally inoculated
glioma (12). It was shown that at the time of maximal
tumor growth and edema spread, a tissue differentiation
was possible through MRR parameter maps (12).
Regarding canine species, in addition to experimental
studies (13), in a recent study (14) the authors tried
to quantitatively detect hippocampal abnormalities
in epilepsy to be used in the veterinary practice. The
results suggest that individual analysis might be a
suitable method to prove hippocampal involvement in
epileptic dogs (14).

After what has been illustrated regarding MRR
applications in human medicine, the fundamental
question is ‘can we perform MRR by adopting
standard clinical scanners to obtain new clinical
insights in veterinary medicine?’ We believe that this
is the real challenge for MRR to become an advanced
diagnostic tool.

In this work, firstly we introduced the above MRR
parameters, e.g. T1 and T2. Secondly, we discussed
the current literature on this topic in canine and feline
species and the possible applications based on human
medicine, where this technique has been largely
tested. Thirdly, we report an original phantom-based
study to explore the feasibility of this approach
using the typical experimental setup available in the
clinical field. The aim is to assess whether MRR can
be useful to differentiate tissues which cannot be
detected by the standard clinical scans. This allowed
us to test the potentiality of the MRR protocol which
was then applied to a second experiment where we
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studied the brain of an euthanized dog in order to
test whether it was possible to identify lesions which
had been undetected by the standard T1/T2 weighted
images. Finally, these findings were validated by a
histopathology study. Notably, our preliminary tests
were performed with a low field scanner (operating
at 0.25 T) since this is typically employed in the vast
majority of veterinary facilities (15).

MATERIALS AND METHODS

MRR relaxation times T1 and T2

In conventional MRI, the tissue contrast is obtained by
adjusting the sensitivity ofthe acquired signal to differences
in the tissue T1, T2 and T2* characteristic relaxation times
(T1, T2 and T2*-weighted images) (1). Since T1, T2 and
T2* are influenced by local biophysical structure and
biochemical environment, alterations in T1 and T2 can be
associated with disease (e.g. edema, tumor invasion and
axonal de-myelination) or other biological processes such
as neuro/development-degeneration-plasticity, learning
and aging (3, 16). Therefore, to obtain information on
tissue structure and function in a quantitative manner
(and theoretically independent of scanner hardware and
sequence parameters) MRR extracts the relaxation times
from the MRI data (1). This is achieved through the
adoption of a model describing the MRI signal evolution
as a function of the relaxation parameters and a fitting
procedure to estimate from the acquired signals, T1, T2
and T2* (1). Many T1/T2w images have to be repeatedly
acquired to sample the recovery/decay of the MR signals
corresponding to the acquisition through either Inversion
Recovery (IR)- or Spin Echo (SE)-based sequences (1).
For the T1 estimation, although both IR and SE can be
adopted, in this study, an SE sequence was adopted for
two reasons. Firstly, the SE acquisitions are faster than IR
and this is a fundamental aspect in veterinary medicine
since the patients are anesthetized and a long general
anesthesia is dangerous. Secondly, SE sequences can be
adopted by varying a single parameter (Repetition Time
TR) that is accessible to the user in all standard scanners/
software. On the contrary, to adopt IR sequences for
relaxometry, the standard scanner software needs to be
modified in order to give access to other parameters such
as the Inversion Time (TT) to the user. Once the final T1/
T2 map is obtained this can be overlaid to the anatomical
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MRI data to spatially localize the eventual brain lesions.

The typical acquisition and analysis pipeline are
shown in Fig. 1. Despite this technique being promising,
it is not without disadvantages. For example, common
sources of error are due to residual or incoherent
transverse magnetization and movement artifacts (3). In
fact, beyond bulk motion, physiological motion, including
blood flow, can also induce subtle artifacts and bias in T1
and T2 values (3). Furthermore, accelerated measurement
techniques, usually adopted to speed up the acquisition
time, generally use small flip angle radiofrequency pulses
to sample the magnetization which are characterized by a
low signal to noise ratio (SNR). To increase the SNR, as
an example, systems based on multichannel detection can
be used.

Moreover, the subject motion due to the longer
scanning time of MRR as compared to standard MRI, lead
to important artifacts affecting the final T1/T2 maps. This
can be particularly problematic in multi-slice acquisitions,
where the slice selection may result inaccurate due to
differences of times, echo times or flip angles (1). Notably,
this aspect can be minimized in veterinary medicine
thanks to the general anesthesia.

Experiment 1 — Phantom study

The basic idea behind this experiment was to
compare the minimum contrast detectable through a
T1-based approach with what can be evidenced with an
MRR technique. Data was acquired from two phantoms
(P1 and P2) composed of NaCl 0.9% solution (B.
Brown, Melsungen, Germany) doped with different
concentrations of a contrast agent (CA), namely Magnegita
500umol/ml, Agfa
HealthCare Imaging Agents GmbH, K6ln, Germany). P1,

(Gadopentetate ~ dimeglumine
filled with 5 umol of CA, represented the reference, and
thus remained constant throughout the experiment. In P2,
instead, the concentration of the CA was gradually varied
in order to consider three separate conditions. The MR
data were acquired by means of an Esaote Vetscan Grande
scanner operating at 0.25 T equipped with a NeuroCoil
2 (Esaote S.PA, Genova, Italy). In each condition, two
sets of MRI data were acquired. The “clinical” dataset
(CLI), i.e. obtained with clinical sequences, was acquired
by an SE Tlw sequence with standard typical settings
on a dorsal plane (TR = 200 ms, TE = 26 ms, FOV =
210x210 mm?, slice thickness = 2 mm, Gap =0 mm,
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Matrix 384x368, Number of acquisition-NEX =2). The
second dataset, related to the relaxometry and denoted by
‘REL’, was acquired with an ad-hoc developed protocol
consisting of repeated acquisitions of SE Tlw images
corresponding to a variable TR in the range [150, 900]
ms with the same other parameters setting. The first
interval [150 800] ms was sampled every 50 ms, while the
interval [800 900] ms was sampled every 100 ms. This
selective sampling represented a compromise to allow a
denser sampling in the most rapid part of the relaxation
curve while saving some acquisition time. For the data
analyses, these consisted of fitting the acquired signals
with a two-parameter model by means of an unconstrained
minimization based on derivative-free method (17).
These analyses were performed by means of in-house
developed codes in MATLAB (MATLAB and Statistics
Toolbox Release 2015b, The MathWorks, Inc., Natick,
Massachusetts, USA).

Experiment 2 — Single case study

In this case, the protocol developed in Experiment
1 was applied to a real clinical case. A 9 year-old male
German shepherd was referred to our hospital because
of anorexia and vomiting; atopic dermatitis treated with
cyclosporine and Escherichia coli (E. coli) multiresistent
cystitis were recorded in the patient history. Left head tilt
and bilateral nystagmus were observed during physical
examination. Soon after the referral, rapid worsening of
clinical conditions occurred, and euthanasia was elected
by the owner; a post mortem MRI of the brain was
performed. All the procedures were performed with the
owner’s compliance. Sequences Tlw, T2w and FLAIR
were acquired in different planes with the same scanner and
coil used in Experiment 1. Sequences SE T1w, FSE REL
T2w and FAST FLAIR were acquired with the settings
as follows. For SE T1w transverse scan: TR= 1350 ms,
TE= 26 ms, Matrix 320 x 288 and FOV 240 x 240 mm?,
for SE T1w sagittal plane: TR=1500 ms, TE=26, Matrix
384x 240 and FOV 180x180 mm?, for the FSE REL T2w
sagittal sequence: TR= 7780, TE= 90 ms, FOV 250x250
mm?, Matrix 400x352, for FSE REL T2W: TR= 8640,
TE= 90, Matrix 488x352 and FOV 260x260 mm?, for
FLAIR dorsal scan: TR=6670, TE=90 ms, FOV 230x230
mm?, Matrix 288x224 and Number of Acquisition- NEX
=1. Slice thickness = 3 mm and Gap=0.4 mm were set
for all the sequences and Number of Acquisition - NEX
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=2 for all TIw and T2w sequences. The MRR protocol
was then applied to the central 2 mm sagittal slice in
order to obtain a representative sampling of the brain
while limiting the long acquisition time as compared to
3D multi-slice approach. During the acquisition, a set of
SE Tlw images corresponding to a variable TR in the
range [50, 1100] ms were acquired. The first interval [50
300] ms was sampled every 150 ms, while the interval
[350 1100] ms was sampled every 50 ms. Data analysis
was performed with the same analysis steps described
for Experiment 1. In order to validate the MRR results
and thus to assess the nature of these lesions, necropsy
and the histopathological analysis were performed. The
entire brain was collected, fixed in 10% neutral buffered
formalin, embedded in paraffin and routinely processed
for histopathological investigations. In particular, 4-um
thick sections were stained with hematoxylin and eosin
and observed under a light microscope (model ECLIPSE
E600W, Nikon, Japan).

RESULTS

Experiment 1

In this experiment, three separate scenarios were
considered. Firstly, we studied a control condition
where P1 and P2 have a significant different
concentration of CA, 5 vs 3 pmol, respectively.
In this case, as can be seen in Fig. 2, where T1lw
images are reported, the contrast in the ‘CLI’ data is
sufficient to clearly distinguish P1 (Fig. 2A) from P2
(Fig. 2B). A visual inspection by an expert radiologist
can easily identify such difference. The idea was
then to decrease the difference in the concentration
between P1 and P2 to check whether there is a
condition where this difference is so small that in
the ‘CLI’ data P1 and P2 cannot be distinguished
while in the ‘REL’ data these result separated. We
started from a control condition where the P1 and
P2 CA concentrations were identical (Fig. 2 C-D).
In this case, no evident contrast can be observed
between P1 and P2 from ‘CLI’ data. On ‘REL’ data
the estimation of T1 was run. As an example, Fig. 3
demonstrates the comparison between the evolution
of the acquired and the predicted signal (dashed line)
based on the estimated parameters. A good agreement
between the acquired and predicted signal can be
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noted, thus suggesting a successful fitting procedure.
The obtained T1 maps are shown in Fig. 2 E-F and,
as expected, also in this case the visual inspection
did not reveal significant differences in the two
phantoms. To quantify these observations, in Table I
mean values () and standard errors (Standard Error
of the Mean- SEM) are compared of the ‘CLI’ signals
and T1 values. To quantify the contrast, the absolute
value of the percentage variation between the two
phantoms defined as A= (u -p,)/u, are shown (Table
I). In this case, the same percentage variation was
observed between P1 and P2 both from ‘CLI’ and
‘REL’ data. This confirms that no artefactual higher
contrast, as expected, is obtained from T1 maps.

Table 1. Phantom study - same contrast agent
concentration.
Clinical Signal Values | T1 Map values
(au) p£SEM (ms) p=SEM (ms)
P1 1074+1 56.3+0.8
P2 1110+1 58.0+0.8
A% 3% 3%

mparison between clinical and TI values from phantoms
with the same contrast medium centration. As expected,
no significant differences are obtained in both CLI and
REL data.

Table I1. Phantom study - different contrast agent
concentration (0.5 umol).

Clinical Signal Values | T1 Map Values
p+ SEM (au) pu+ SEM (ms)
P1 1082+1 57.2+0.7
P2 109242 49+1
A% 1% 12% **

Comparison between clinical and TI values from
phantoms corresponding to different CA concentrations
(P1: 5 umol and P2: 5.5 umol). A significant increase in
the contrast is obtained in REL as compared to CLI data.
The percentage variation (4) is twelve times higher and a
t-test reveals a statistically significant difference in REL
data (** p <0.01).
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Fig. 1. Summary scheme illustrating the pipeline to perform MRR studies.

P1-5 pmol H  P2-5.5 pmol

P1-5 pmol P2-5 pmol Pl-5pumol L  P2-5.5 umol

Fig. 2. Comparison between the Clinical (CLI) and Relaxometry (REL) results. On the right, color bars indicating the
signal intensity expressed in au for CLI and in ms for T1 maps. A, B) Comparison between CLI data acquired with a SE-
T1w dorsal scan on phantom P1 doped with 5 umol of CA (4) and on phantom P2 doped with 3 umol of CA (B), it can
be noted the high contrast in signal difference between P1 and P2 clearly identifiable by visual inspection. C-F) CLI data
acquired with a SE-T1w dorsal scan on phantom Pl and P2 doped with 5 umol of CA (C, D) and REL data showing T1
maps obtained from P1 and P2 (E, F), in both T1w and T1 maps no visual difference can be detected; this is an important
check on the false positives. G-L) CLI data acquired with T1w dorsal images of P1 filled with 5 umol of CA (G), CLI data
of P2 filled with 5.5 umol of CA (H) and respective T1 maps (I-L),; while from T1w images no difference can be detected,
the T1 map of P2 is clearly darker than PI. This difference is statistically significant (p<0.01) and consistent with the
underlying physics, i.e. increasing CA concentration we expect T1 to progressively decrease.
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Fig. 3. As a representative example, the results of the fitting procedure for a voxel are shown. Good agreement can
be noted between the acquired (solid line) and predicted (dashed line) signal by the model based on the estimated
T1 and proton density.
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Fig. 4. A) As an example, the MR signal predicted by the two-parameter model using the original 15 TR values from
the ‘true’ Tl estimate (dashed-dotted line). The dotted line rshows the signal obtained from the same model with the T1
estimated. The dotted line shows the signal computed from the T1 estimate obtained using only 8 TR values.

B) The incremental percentage error is reported as a function of the TR values iteratively removed from the model. It can
be noted that the adopted threshold (5%) is exceeded at TR = 300 ms.
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In the next scenario (Fig. 2 G-L), the CA
concentration was increased in P2 to 5.5 umol (P1
CA concentration fixed to 5 umol). As seen in Fig. 2
G-H, no contrast is apparent from a visual inspection
from ‘CLI’ data. This is confirmed by the values
reported in Table II where the average values in P1
and P2 are not statistically different, as revealed by
a t-test, and the percentage change is around 1%.
This supports the evidence of a negligible contrast
in ‘CLI’ data between P1 and P2. On the other hand,
as shown in Fig. 2 I-L (REL data), some contrast is
evident between P1 and P2 from the visual inspection.
It can be noted that T1 values in P2 are smaller. This
is correct, since the higher the CA concentration, the
lower T1 values (as expected by the physic properties
of the CA itself in shortening T1 relaxation time
(18). This is confirmed by the values reported in
Table II. The mean values are significantly different
(** p<0.01) and the percentage change is twelve
times larger than in the ‘CLI” data. Therefore, in this
case, the contrast obtained in the T1 map is one order
of magnitude higher than with the standard MRI
procedure. These results are promising in showing
that a higher contrast can be achieved with MRR,
revealing potential subtle differences among tissues

Table II1. MRI vs advanced MRI.

1731

that the standard approach could not detect.
However, an important limitation, especially in
the clinical field, relates to the large acquisition time
required by the MRR protocol. As matter of fact, in
the above analysis, a set of 15 TR values was used
in order to estimate a reliable T1 map. This leads
to a total acquisition time of 90 minutes that might
result prohibitive in clinical settings. Therefore,
we tried to quantify the stability of the T1 estimate
corresponding to a smaller and ‘optimal’ subset
of the TR values. The general idea is to compute
the distance between the T1 values obtained from
all TRs and from a subset of them. Then, such
distance was minimized as a function of the set of
TR explored. Initially, the T1 mean and standard
deviation reported Table I for phantom P1 was
considered as a reference. By means of a Gaussian
distribution based on these values, 200 T1 values
were sampled. Then, by inputting such values in
the two-parameter model adopted in this study (see
above), 200 MR signals were simulated. Finally,
some noise estimated in the background of the ‘real’
acquired data was added. The standard deviation of
the acquired signals was estimated and then noise
sampled from a Gaussian distribution was added

MRI

ADVANCED MRI

Non-invasive

Non-invasive

No X-Rays Quantitative and objective
Greater contrast in soft tissues respect on | Evidence of undetectable lesions with
ADVANTAGES CT qualitative scans
No extra costs in term of diagnostic tools

Multiple sequences-different contrasts Signal analysis performed oft-line
Longer scan protocol respect on CT Longer scan protocols respect on MRI
General anesthesia necessary for pets Extra skills for radiologists to analyze

maps

DISADVANTAGES Errors in relaxation times estimation

Summary of advantages and disadvantages of the application of relaxometry compared to clinical studies.
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with mean zero and such standard deviation. In Fig.
4A (broken line) an example a simulated signal is
shown. Then the fitting procedure was run. Initially,
all the TR values were used and the corresponding T1
estimates were adopted as reference (‘true’) values.
In Fig. 4A, is an example of a signal simulated form
a ‘true’ T1 value (dashed-dotted line). Then, one TR
value was removed and the 200 T1 estimates were
repeated. This was carried out for all the possible TR
values and every time the percentage error between
the ‘true’ and the estimated T1 values was computed.
Afterwards, the TR leading to the smallest error
was selected. If such value was smaller than 5%,
that value was removed from the subset of TR
considered. This procedure was repeated for the
next TR value to be removed and it stopped when
the cumulative percentage error reached 5%. Seven
TR values obtained, namely [700 400 450 500 550
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800 350] could be removed, see Fig. 4B where the
cumulative error is reported. As an example, in Fig.
4A (dotted line) the signal simulated from the model
when these 7 TR values were removed (in Fig. 4B
the T1 estimate obtained from the ‘reduced’ model
was used in the complete model, i.e. using all the TR
values, for display reasons).

These results are encouraging, showing that
with the smaller number of TR values obtained the
quality of the estimate is still acceptable. Notably the
acquisition time reduces from 90 to 40 minutes.

Experiment 2

In the real case study, in T2w and T1w images,
slightly hyperintense lesions were detected at the
level of pons and medulla oblongata in every scan
(Fig. 5, solid white arrows) and in both T1w and
T2w scans the fourth ventricle was barely visualized

Fig. 5. A) FSE REL T2w sagittal scan; B) SE TIw sagittal scan; C) SE Tlw transverse scan; D) dorsal FAST FLAIR
scan. White solid arrows point at hyperintense lesions at the level of pons and medulla oblongata evident in every scan

acquired. The fourth ventricle is not evident.
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(Fig. 5 A-B). These lesions were suspected to be
inflammatory orvascular. Inthe sagittal and transverse
T2w image of the cerebellum (Fig. 6 A-B), a slight
hyperintense lesion was detected. Notably, this lesion
was not evident in T1w images (Fig. 6C, solid white
arrows). Furthermore, it can be noted that, at the level
of the pons and the medulla oblongata, hyperintense
areas are present both in T1w and T2w images (Fig.
6 D-F, solid white arrows). Of note, in the T1 map,
some additional hyperintense regions were observed
in the area usually occupied by the fourth ventricle
and at the level of the cerebellar parenchyma (Fig.
6 D-F, solid black arrows). These observations
are in line with the histopathological study. The
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brain sections to be sampled were identified by
comparing the sagittal images with the transversal
ones (Fig. 6G - white line). Within the sampled area
(reported in Fig. 6H — white square), grossly and
scattered hemorrhages were identified at the level
of the pons, medulla oblongata, cerebellar vermis
and parenchyma (Fig. 61, white solid and dashed
arrows). Histologically, foci of acute vasculitis and
fibrinoid necrosis were observed at the same level
(Fig. 7A, solid white arrow). Necrotic-hemorrhagic
areas, mainly infiltrated by polymorphonuclear cells,
were also observed in the surrounding parenchyma
and, notably, a large hemorrhagic area was evident
within the white matter of the cerebellum (Fig. 7B,

Fig. 6. A) FSE REL T2w sagittal scan; B) FSE REL T2w transverse scan; C) SE Tlw transverse scan. White solid arrows
point at the cerebellar hyperintense lesion detected in T2w images, notably, at the same level, no abnormalities are visible in
T1w image. D-F) Comparison between the T2w sagittal image (D), the Tlw sagittal image (E) and T1 map of pons, medulla
oblongata and cerebellum (F); white solid arrows point at hyperintense lesions at the level of pons, medulla oblongata and
cerebellar evidenced by both T1 map and clinical scans. In the T1 map, black solid arrows point at hyperintense areas at the
level of cerebellar parenchyma and at the level of the area surrounding the fourth ventricle not detected by clinical scans. On
the right of T1 map, the color bar of the signal is demonstrated. G-I) correspondence between MRI data and corresponding
anatomical sections used for the histopathological study, in TIw sagittal section (G), the white line represents the transverse
section of vermis cerebelli and medulla oblongata that has been sampled for histological examination, evidenced by the
white square (H), in the transverse anatomical section (1) scattered hemorrhages can be observed at the level of cerebellar
parenchyma (dashed white arrows) and of the medulla oblongata (solid white arrow).
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solid white arrow). Therefore, histopathological
examination confirmed the presence of cerebellar
lesions barely detected by clinical T1w scans, and
the nature of the lesion was consistent with what was
suspected after MRI examination.

The detection of brain lesions related to vasculitis
is of interest. While in human medicine this condition
is currently detected with high field scanners (19),
little information is available on the pathologic
mechanisms that result in this disorder in dogs (20);
in veterinary medicine few reports are available on
this condition, none of which describe MRI findings
(20-23).

DISCUSSION

Nowadays, in veterinary medicine, few
relaxometry studies have been to investigate canine
and feline brain disorders and the application of this
technique in the clinical practice. In this study, we
report preliminary results obtained both on phantoms
and real data experiments performed with a low field
scanner. We obtained that, in phantoms, MRR can
reach a higher contrast than in clinical scans. Notably,
when applied to a real clinical case, as compared to
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the clinical protocol, MRR was able to characterize
better cerebellar abnormalities that were confirmed
by histopathological examinations. These results
are encouraging, although this work was performed
only post-mortem, and the contribution of post-
mortem abnormalities in MRR must be thoroughly
investigated in successive studies.

In general, to develop advanced techniques, such
as MRR, in veterinary medicine it may be useful
to improve diagnosis/treatments of brain diseases,
as in human medicine, especially in cases of
disorders causing only subtle changes (e.g., hepatic
encephalopathy or distemper encephalitis) that can
be easily missed without an adequate resolution
scanning and careful interpretation (24). However,
this technique presents some disadvantages that
makes its widespread application difficult, such as
a long acquisition time in patients under general
anesthesia (see Table III for a summary of the main
drawbacks of this approach). In this work, to show
the potentiality of this approach in the typical clinical
setup, we used the standard equipment typically
provided in the clinical field. To reduce the large
acquisition time, we adopted SE sequences (faster
than typically employed IR) and we optimized

£

Fig. 7. Histological examination of medulla oblongata and vermis cerebelli. A) Medulla oblongata: a blood vessel
(solid white arrow) is surrounded by the deposition of hyaline, “fibrinoid” material (solid black arrow). The presence
of a mixed inflammatory infiltrate is also evident. Haematoxylin and eosin stain. Final magnification: x 200. B) vermis
cerebelli: a large haemorrhagic area (solid white arrow) is present within the white matter of the cerebellum (solid black
arrow). Hematoxylin and eosin stain. Final magnification: x 100.



Journal of Biological Regulators & Homeostatic Agents

the number of TR employed through a simulation
study. Furthermore, while anatomic sections for
histopathological analysis are usually performed
in the transversal plane, we computed the T1 map
in a sagittal slice to acquire as much cerebral
parenchyma as possible with a single acquisition
protocol, limiting as much as possible post mortem
deterioration artifacts.

It must be stressed that typically in human
medicine as well as in animal model studies (25)
MRR is typically performed with high field scanners
(=21.5 T), while in veterinary facilities the magnetic
fields employed are in the order of a few hundred
mTs (15). This limits the spatial resolution and in
general the possible applications of this technique.
To overcome this limitation, a possible approach
could be the use of cross-modality co-registration
approaches suitable to co-register single or a few
slices from an image obtained by a modality (e.g.
the histopathological image) to a volume obtained
by another modality with different spatial resolution
(e.g. the T1-maps) (26,27).

In conclusion, MRR is a useful technique
currently applied to human brain disorders, however,
in veterinary medicine the literature is limited but
increasing, with recent MRR studies performed on
neurological (14) and orthopedic fields (28). In line
with these works, the results reported here suggest
that this technique may be promising and pave the
way for further studies on MRR as an advanced
diagnostic tool to be associated with routine clinical
scans. In future studies, this technique might be
applied in case of inflammatory/infectious or
metabolic disorders (e.g distemper encephalitis,
hepatic encephalopathy) to detect subtle lesions and
on epileptic patents to clarify some aspects of this
condition that are still under debate.
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