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Parenchymal Signal Intensity in 3-T Body MRI of
Dogs with Hematopoietic Neoplasia

Daniel A Feeney," Leslie C Sharkey,"* Susan M Steward,? Katherine L Bahr,' Michael S Henson,'? Daisuke Ito,"?
Timothy D O’Brien,* Carl R Jessen,' Brian D Husbands,' Antonella Borgatti,'* and Jaime F Modiano'?

We performed a preliminary study involving 10 dogs to assess the applicability of body MRI for staging of canine diffuse he-
matopoietic neoplasia. T1-weighted (before and after intravenous gadolinium), T2-weighted, in-phase, out-of-phase, and short tau
inversion recovery pulse sequences were used. By using digital region of interest (ROI) and visual comparison techniques, relative
parenchymal organ (medial iliac lymph nodes, liver, spleen, kidney cortex, and kidney medulla) signal intensity was quantified
as less than, equal to, or greater than that of skeletal muscle in 2 clinically normal young adult dogs and 10 dogs affected with
either B-cell lymphoma (n = 7) or myelodysplastic syndrome (1 = 3). Falciform fat and urinary bladder were evaluated to provide
additional perspective regarding signal intensity from the pulse sequences. Dogs with nonfocal disease could be distinguished
from normal dogs according to both the visual and ROI signal-intensity relationships. In normal dogs, liver signal intensity on the
T2-weighted sequence was greater than that of skeletal muscle by using either the visual or ROI approach. However in affected
dogs, T2-weighted liver signal intensity was less than that of skeletal muscle by using either the ROI approach (10 of 10 dogs) or
the visual approach (9 of 10 dogs). These findings suggest that the comparison of relative signal intensity among organs may have
merit as a research model for infiltrative parenchymal disease (ROI approach) or metabolic effects of disease; this comparison may

have practical clinical applicability (visual comparison approach) as well.

Abbreviations: RS], relative signal intensity; MDS, myelodysplastic syndrome.

Canine malignant lymphoma is a multicentric, hematopoiet-
ic cancer that is very similar to nonHodgkin lymphoma in hu-
mans.**® Both conditions are proportionally increasing as causes
of mortality in the respective species.?’*? The age-adjusted inci-
dence of nonHodgkin lymphoma in dogs is 5 times that of hu-
mans.* The likelihood of survival after lymphoma treatment in
dogs using accepted treatment protocols is highly dependent on
initial staging and subsequent restaging.” Regardless of the un-
derlying disease process or its distribution, focal or multifocal
lesions represent measurable entities that can be monitored se-
quentially either clinically or with imaging techniques. However,
diffuse disease, which occurs with no structural disruption (as
in some round-cell neoplasias)®®** is problematic because there
are no easily definable parameters other than changes in organ
volume and (perhaps) signal intensity from which to differentiate
normal from abnormal. The presence or absence of disease in the
face of a metabolic reaction to a disease or its treatment can create
staging and diagnostic dilemmas.*91117,19.202430394752

Defining infiltrative disease with X-ray based technologies
can be difficult because of the similarities in tissue density (g/
mL3) between normal and infiltrated tissues and the lack of focal
lesions that may undergo differential contrast enhancement.'
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Ultrasound imaging techniques are based on the combined ef-
fects of reflections from the insonated tissues and attenuation
by them combined with comparisons with the ‘brightness” of
other regional organs. This process provides insight into dif-
fuse parenchymal organ infiltrates.*”!454956606163 MR] has the
combined advantages of imaging variances in tissue hydrogen
mobility, detecting paramagnetic substances (gadolinium-based
contrast agents, iron-based contrast agents, and extravascular
blood products), melanin, and proteinaceous substances in tis-
SueS.2’12’22'28’33’34'36’37’40'41’44’64

Initial reports on whole-body MRI staging techniques in people
indicate the potential to provide prognostically relevant informa-
tion in a cost-effective, minimally invasive manner.>*%313235383,
% Whereas much of the attention on MRI techniques is focused
on the detection and characterization of focal or multifocal dis-
ease, we found only limited information on diffuse or infiltrative
parenchymal disease.®!***® There has been notable interest in
the applicability and accuracy of whole-body MRI, particularly
related to the staging of multicentric and metastatic neoplastic
disease in people,>*#3132354853% with limited investigations in
companion animals.” With infiltrative parenchymal organ malig-
nancies, standard MRI detection may rely primarily on organ size
or signal intensity instead of ‘measurable’ nodules or masses and
may ultimately require diffusion characterization (for example,
apparent diffusion coefficient) or 'H spectroscopy.'>?4

The underlying requirement for the interpretation of diffuse
tissue or organ disease is an understanding of the normal appearance



and variation.® This knowledge is particularly noteworthy in
MRI because of the differing signal intensities among parenchy-
mal organs, body fluids, muscle types, and some specific infil-
trates when imaged by using the broad array of available pulse
sequences.®**13% However, only limited information is avail-
able on normal relative organ and muscle MRI signal intensity,
and even that information is limited to selected pulse sequences
in people!** or in small companion animals.’®**' A region-of-interest—
based, quantitative study of abdominal organ signal intensity in
cats is available, but only with regard to T1- and T2-weighted
sequences.* We believe this lack of relative organ signal inten-
sity comparison is a hindrance to MRI investigation of infiltrative
processes (for example, parenchymal lymphoma, early metastatic
disease), the evaluation of pharmacologic effects (for example,
chemotherapy), and the metabolic abnormalities created by the
inciting disease (for example, excess liver fat or iron, extramedul-
lary hematopoiesis) in dogs either as patients or as animal models
for human disease. This information is particularly relevant to
whole-body cancer screening or cancer staging endeavors with
MRI.23,31,32

The purpose of this pilot study was to determine whether pro-
spective data on a limited number of canine patients provided
sufficient justification to further explore body MRI as an investi-
gative approach for diffuse hematopoietic neoplasia for dogs as
animal models of human disease or as clinical patients. The pri-
mary focus of this work was to provide initial insight regarding
whether infiltrative canine hematopoietic neoplasia or its related
metabolic consequences could be differentiated from features of
clinically normal dogs by using a limited spectrum of 3-T MRI
pulse sequences on the neck, thorax, abdomen, and pelvis that
could be completed in less than 2 h.

Materials and Methods

Animals. Ten canine patients that presented to the University
of Minnesota Veterinary Medical Center Oncology Service for
staging and treatment of hematopoietic neoplasia underwent
whole-body MR imaging. To be included, dogs had to have either
cytologic or hematologic evidence of hematopoietic neoplasia.
Dogs were excluded from consideration for the study they pre-
sented any unjustifiable risks associated with general anesthe-
sia for the imaging procedure. All protocols were approved by
the IACUC, and owner consent was obtained prior to the proce-
dure. As a baseline, 2 clinically normal young dogs in the elective
small animal surgery spay-neuter program underwent the same
imaging protocol. Members of the anesthesiology service of the
University of Minnesota Veterinary Medical Center induced and
monitored general anesthesia in all dogs. In general, dogs were
premedicated with butorphanol tartrate (0.2 to 0.6 mg/kg IM;
Butorphic, Lloyd Laboratories, Shenandoah, IA) and dexmedeto-
midine hydrochloride (3.0 to 5.5 ug/kg IM; Dexdomitor, Orion
Corporation, Espoo, Finland) and received propofol (2.6 to 6.6
mg/kg IV; PropoFlo, Abbott Laboratories, Chicago, IL) for anes-
thesia induction. Dogs were intubated and maintained under an-
esthesia during the MR scan by using inhalant isoflurane (IsoFlo,
Abbott Laboratories).

Imaging. For imaging, the body was divided into cranial (ex-
cluding the head) and caudal halves, and the dogs were imaged
by using 3.0-T equipment (3T HDX, General Electric Medical
Systems, Milwaukee, WI) under general anesthesia without
respiratory or cardiac gating. At least 2 of the 3 standard (dorsal,
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sagittal, transverse) imaging planes were obtained for each pulse
sequence to permit orthogonal comparison. The pulse sequences
used included T1-weighted fast spin-echo (repetition time, 825 ms;
echo time, 20 ms; no. of excitations, 1), T2-weighted fast spin-echo
[repetition time, 3200 ms; echo time, 120 ms; no. of excitations, 1),
in-phase (repetition time, 140 ms; echo time, 2.1 ms; flip angle,
80°; no. of excitations, 1), out-of-phase (repetition time, 140 ms;
echo time, 3.15 ms; flip angle, 80°; no. of excitations, 1], and short
tau inversion recovery (STIR; repetition time, 3800 ms; echo time,
34 ms; inversion time, 160 ms; no. of excitations, 1). Slice thickness
was 8 to 10 mm, with an interslice interval of 3 to 5 mm. The field
of view was adjusted to body region imaged and ranged from
30 to 45 cm. The postGd sequence was a simple intravenous injec-
tion of gadodiamide (0.1 mmole/kg IV as a single bolus; Omnis-
can, General Electric Healthcare) followed by a T1-weighted fast
spin-echo protocol. No specific effort was made to image arterial,
tissue, venous, or wash-out phases. All pre-Gd sequences for both
halves of the body were completed before any Gd was given.
After administration of a single bolus of Gd-based contrast medium,
the cranial and caudal halves of the body were imaged again over
a span of about 30 min by using the T1-weighted protocol. The
field of view was adjusted to body region imaged and ranged
from 30 to 45 cm.

Image interpretation. All image interpretation was done with-
out knowledge of bone marrow, lymph node, or parenchymal
organ status other than that the dogs had suspected hematopoietic
malignancy or were clinically normal. For each pulse sequence
in each dog, relative signal intensity for fat, urinary bladder,
skeletal muscle (lumbar paraspinal muscles), medial iliac lymph
nodes, liver, spleen, kidney cortex, and kidney medulla were as-
sessed visually according to a scale of 1 (the least signal-intense
structure in the imaging region, excluding bone and air) to 8 (the
most signal intense structure). In addition, user-defined regions
of interest (ROI) from the MR images on a picture archive and
communication system (Carestream Health, Rochester, NY) were
identified for comparison with the visually defined signal-intensity
relationships; to avoid bias, this assignment was not made in tan-
dem with visual assessments. Each ROI for skeletal muscle, iliac
lymph nodes, liver, spleen, kidney cortex, and kidney medulla
was measured 3 times on each dog to limit partial volume effects
and the average used for further comparison. A ratio was created
for each organ (iliac lymph nodes, liver, spleen, kidney cortex,
and kidney medulla) by dividing the average ROI for that organ
for each dog by the average ROI for skeletal muscle for that same
dog and pulse sequence. For comparison, the signal intensities in
ROI for fat and urinary bladder each were measured once in the
region of the bladder neck of each dog and were expressed as a
ratio to that of skeletal muscle. The images for the signal-intensity
comparisons were chosen and interpreted by one author (DF) to
minimize partial volume artifact as well as include the greatest
number of regional organs (for example, kidney, spleen, liver)
possible from among simultaneous display of sagittal, trans-
verse, and dorsal planes for both 2 body regions for each pulse
sequence.

Bone marrow and lymph node sampling and evaluation. Bone
marrow was sampled from 2 sites (iliac crest and proximal
humerus) in each dog, unless directed otherwise by unexplainable
or asymmetric findings on the MRI images. Bone marrow sam-
pling was performed immediately after MRI. According to stan-
dard techniques, bone marrow aspirates were collected from each
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site by using Rosenthal bone marrow aspirate needles, and core
biopsies were obtained by using Jamshidi core biopsy needles.
Cytologic diagnosis of lymphoma in a lymph node was defined
as the presence of more than 50% medium to large or cytologi-
cally atypical lymphocytes. Bone marrow involvement in patients
with lymphoma was diagnosed as the presence of greater than 2%
lymphoblasts with a concurrent cytologic or histologic diagnosis
of lymphoma in the periphery. The diagnosis of myelodysplastic
syndrome (MDS) was based on a modification of the most re-
cent World Health Organization scheme for myeloid neoplasms™
that excludes the use of cytogenetic abnormalities, because these
features have not been characterized in dogs. Briefly, the presence
of refractory peripheral cytopenia in combination with evidence
of dysplasia in greater than 10% of precursors in one or more
myeloid lineages (erythroid, myeloid, or megakaryocytic) and a
blast count of less than 20% resulted in a diagnosis of MDS.¢

Comparisons among imaging, clinical and microscopic find-
ings. The disease classifications were compared with the MRI
findings in an attempt to find trends that would justify acquiring
patient data suitable for statistical analysis in a subsequent study:.
Definable focal abnormalities in the parenchymal organs were
measured when applicable. The relative signal intensities of the
evaluated organs were compared between the clinically normal
and affected dogs to see whether the disease (or its metabolic
effects) created variations in relative signal intensity among the
organs. Because of limited funding, the study was intended only
as a proof of principle regarding whether parenchymal organ and
lymph node abnormalities could be distinguished from com-
parable images on 2 clinically normal dogs. No statistical analyses
were performed.

Results

Animals and diseases studied. The affected 10 dogs in the study
had an average age of 7.9 y (range, 4.5 to 11 y) and included
5 neutered males (Akita, American Staffordshire terrier, Scottish
terrier, Shetland sheepdog, standard poodle) and 5 spayed
females (mixed breed, Shih Tzu, and 3 golden retrievers). The
hematopoietic abnormalities identified were high-grade B cell
lymphoma (1 = 7) and MDS (1 = 3). None of the dogs had prior
steroid or cytotoxic therapy, except for one dog with MDS, which
had been on systemic corticosteroid therapy for 84 d prior to MRI
and bone marrow sampling. The 2 clinically normal young adult
male dogs were approximately 1.5 and 3 y of age and had no
exposure to steroids or chemotherapeutic drugs.

Regarding pathologic classification and staging information,
4 of the dogs with high-grade B-cell lymphoma had clinical stage
3a lymphoma, 1 had clinical stage 4a disease; and the remaining
2 had clinical stage 5a. The dog with stage 4a lymphoma had con-
firmed splenic involvement. One of the dogs with stage 5a lym-
phoma had cutaneous involvement, and the other had limited
bone marrow involvement. By definition, all of the MDS dogs
had bone marrow involvement.

Interpretation of relative MR signal intensity. The ratio of organ
(renal medulla, renal cortex, liver, spleen, skeletal muscle, iliac
lymph node) ROI signal intensity compared with regional skel-
etal muscle ROI signal intensity from the 10 affected dogs (aver-
aged across all 10 dogs) and the 2 normal dogs (average of the
2 dogs) are listed in Table 1. For perspective, the ratios of fat to
skeletal muscle and urinary bladder to skeletal muscle are also
listed. Figure 1 includes representative dorsal images from a clinically
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normal dogs that were obtained by using preGd T1-weighted,
postGd T1-weighted, T2-weighted, in-phase, out-of-phase, and
STIR sequences. In general, the majority of the pulse sequenc-
es provided no discriminatory insight between the 2 clinically
normal and the dogs affected with either lymphoma or MDS.
However, on the T2-weighted sequence, ROI and visual signal
intensity of liver was greater than that of regional skeletal muscle
in both of the clinically normal dogs. In comparison, visual T2-
weighted signal intensity of liver was less than or equal to that of
regional skeletal muscle in 9 of the 10 affected dogs; a dog with
lymphoma was the exception that resembled the normal dogs on
visual assessment. However ROI liver signal intensity was less
than that of skeletal muscle in all 10 of the affected dogs. Figures
2 and 3 are representative examples of these findings.

Several findings did not provide discriminatory value but may
provide additional reference perspective for other studies using
other sequences. These findings were consistent across both the
ROI and visual assessments in nearly every instance. In both nor-
mal dogs and in all but one of the affected dogs (a lymphoma-
affected dog), iliac lymph node signal intensities were greater
than that of skeletal muscle on the STIR sequence (Figure 4). The
spleens of both normal dogs and all but one of the affected dogs
(an MDS-affected dog) had signal intensities less than that of skel-
etal muscle on images from the in-phase sequence. The livers of
all but 2 (both lymphoma-affected dogs) of the 12 dogs had signal
intensities greater than that of skeletal muscle on images from
the out-of-phase sequence. All of the renal medullas (normal and
affected) and all but 1 (a dog with lymphoma) of 12 dogs’ renal
cortices were brighter than skeletal muscle on the T2-weighted
and STIR sequences. The remaining sequences yielded highly
variable relationships between parenchymal and skeletal muscle
signal intensities.

Only 2 dogs had focal parenchymal lesions (a 1-cm irregular
nodule in the liver of one dog, and a 4-cm nodule in the spleen
of another dog). Neither of the focal parenchymal lesions was
sampled because the finding did not affect the diagnosis, and
these were clinical patients with limitations regarding sampling.

Discussion

The ROI assessment of liver on T2-weighted images allowed
the dogs with B-cell lymphoma or MDS to be distinguished
from the normal dogs in this limited study. Similarly, the visual
assessment of liver on T2-weighted images allowed all but one
of the dogs with B-cell lymphoma and all of the MDS-affected
dogs to be distinguished from the normal dogs. These observa-
tions suggest that the MR signal-intensity comparison approach
has sufficient merit to justify further investigation of normal rela-
tionships in signal intensity among tissues and their comparison
with diffuse infiltrative parenchymal disease in dogs as patients
and as animal models of human disease. In addition, the use of
skeletal muscle as a ready source for signal intensity for compari-
son seemed to have practical value in identifying parenchymal
organ signal intensity relationships that differ between affected
and normal dogs. The underlying question not answered by this
study is whether the signal intensity differences found are due to
malignant cell infiltrates, extramedullary hematopoiesis, tumor-
induced metabolic perturbations, or just tissue hyperplasia. Be-
cause these were clinical patients in a research protocol, extensive
sampling beyond that germane to routine clinical staging was
not permitted. However, these variations do draw attention to
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Figure 1. Dorsal-plane MR images from a clinically normal young adult dog that were obtained by using (A) preGd T1-weighted, (B) postGd T1-
weighted, (C) T2-weighted, (D) STIR, (E) in-phase, and (F) out-of-phase pulse sequences. Variations in relative organ signal intensity can be seen among
abdominal organs. Kc, kidney cortex; Km, kidney medulla; L, liver; Sp, spleen; St, stomach wall.

potential abnormalities that may merit further investigation in
clinical patients.

The 2 clinically normal dogs were included for feasibility
assessment of using MR signal intensity as part of the interpretive
background for whole-body imaging of infiltrative disease (dis-
ease that does not alter the tissue or organ architecture) that could
be performed in less than 2 h by using multiple sequences and
without complex gating instrumentation or induced respiratory
paralysis and mechanical ventilation. The goal was to have a pro-
tocol that was sufficiently practical to be used in either research
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or clinical applications. Although some artifacts were introduced
due to respiratory and cardiac motion, these did not render the
studies uninterpretable.

Visually apparent differences in relative tissue brightness were
present not only across the pulse sequences in clinically normal
dogs but also between the clinically normal and the abnormal
dogs within pulse sequences in the current study. This observa-
tion could be exploited if, on verification of normal parenchymal
signal-intensity variation and microscopic verification of the type
of cellular infiltrates, this difference was found to be associated
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Figure 2. Left sagittal abdominal MR images from a clinically normal dog (A, C, E, G) and a dog with myelodysplasic syndrome (B, D, F, H) that were
obtained by using (A, B) preGd T1l-weighted, (C, D) T2-weighted, (E, F) out-of-Phase, and (G, H) STIR sequences. Differences in the relative signal
intensity of the abdominal parenchymal organs are apparent. Kc, kidney cortex; Km, kidney medulla; L, liver; Sp, spleen; St, stomach (labeled to mini-
mize confusion between liver and spleen). Note the comparatively lower signal relative signal intensity of the liver of the dog with MDS.

with either infiltrative malignancies or the abnormal metabolic
states induced by malignant conditions. The finding of unexpect-
ed differences in relative tissue brightness may be a clue to under-
lying disease states, much like that seen with ultrasonography of
parenchymal organs. That the liver signal intensity on in-phase
and out-of-phase sequences was greater than that of skeletal mus-
cle in both of the normal and most of the affected dogs limits the
likelihood that simple iron deposition® is the explanation for this
finding but requires additional investigation.

Our choice of pulse sequences focused on standard T1-weighted
pre- and post-contrast and T2-weighted sequences because of
their application in routine clinical MRI. In addition, the out-of-
phase, in-phase, and STIR protocols were included to determine
what effect variations in relative fat content had on the appear-
ance of normal tissues, metabolic perturbations induced by the
neoplastic process, or the effects of the known hematopoietic
neoplasia. Gradient echo sequences were not chosen because the
intent of the study was not specifically iron detection.? Diffusion-
weighted sequences were not used because of the complexity of
their application in nongated (respiratory or cardiac) animals.*®
For the abdominal parenchymal organs, we found little applica-
bility of the in-phase, out-of-phase, and STIR protocols in distin-
guishing affected from normal dogs, except that the STIR protocol
improved the visibility of lymph nodes. However, with further
study of other infiltrative malignant processes including early,
nonnodular metastatic disease, these sequences may yet provide
insight.

We used the visual approach to evaluation of signal intensity
because of its clinical practicality. The ROI analyses were used
to provide quantification. It is our opinion that the only clinical
applicability of the ROI approach is to clarify isolated instances,
because applying this approach across several organs on multiple
pulse sequences is too involved for routine clinical interpretation.
The causes of variation between the visual and ROI approaches in
several organs were at least partly attributable to the tissue being
used for comparison. To limit bias, we did not perform the ROI
and visual analyses in tandem, and this constraint adds credibil-
ity to the comparison between liver and skeletal muscle as being
indicative of either malignant or metabolic abnormalities because
the 2 analyses were nearly congruent. Our observations suggest
that absolute numeric ROI assessments vary between patients;
we therefore constructed Table 1 by using skeletal muscle as an
internal standard for comparison. The ROI-based ratios almost al-
ways paralleled the visual assessments of relative signal intensity
among the organs. In addition, machine-to-machine variation in
absolute signal intensity likely outweighs the utility of anything
other than assessment of relative signal intensity. However, signal
intensity relationships should remain constant across MR equip-
ment of similar field strength.

Several next steps are involved in evaluating the comparison of
parenchymal MR signal intensity in dogs for research and clinical
applications. First, a detailed study of normal parenchymal signal
intensity relationships and the expected variation is necessary.
Second, a prospective detailed sampling of all organs and tissues
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Figure 3. Left sagittal abdominal MR images from a clinically normal dog (A, C, E) and a dog with stage 5a high-grade B-cell lymphoma (B, D, F) that
were obtained by using (A, B) preGd T1-weighted, (C, D) T2-weighted, and (E, F) STIR sequences. Differences in the relative signal intensity of the
abdominal parenchymal organs are apparent. Kc, kidney cortex; Km, kidney medulla; L, liver; Sp, spleen; St, stomach (labeled to minimize confusion
between liver and spleen). Note the comparatively lower relative T2-weighted signal intensity of the liver of the dog with lymphoma.

Figure 4. Sagittal MR images from (A) a clinically normal dog and (B) a dog with stage 3a high-grade B-cell lymphoma that were obtained by using the
STIR sequence for evaluation of the medial iliac lymph nodes (arrows). Note the high signal intensity of the nodes in both dogs and the visibly larger
nodes in the dog with lymphoma.

with signal intensities beyond those expected in normal dogs
should be performed to determine whether the observed signal
intensity variations are due to parenchymal neoplastic infiltration
or the metabolic effects of the hematopoietic neoplastic process.
Finally, the visual signal intensity approach must be compared
across a series of interpreters to determine whether this approach
has clinical applicability in parenchymal organ MRI interpreta-
tion in the same manner as relative organ echogenicity in diag-
nostic ultrasonography. Because of its pilot nature and limited
numbers of normal and affected dogs, the current study was not
intended as a test of reproducibility for the visual signal intensity
approach across multiple interpreters, and was not intended to
be blinded in regard to normal compared with abnormal dogs.
In conclusion, despite the small numbers of clinically normal
and affected dogs that we evaluated, comparison of parenchy-
mal signal intensity facilitated differentiation of dogs affected
with selected hematopoietic malignancies from dogs that were
clinically normal by either visual or ROI methods. In light of the
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data that we obtained, we suggest that this approach may yield
germane information about infiltrative parenchymal disease
if visible signal intensity stratification is addressed during re-
search using animal models or during clinical interpretation of
dogs with potentially infiltrative hematopoietic malignancies. In
addition, using a combination of signal intensity criteria across
organs may increase the reliability of diffuse disease evalua-
tion. Additional advantages may be identifying those patients
in whom more detailed parenchymal organ sampling may be
justified and revealing a parenchymal abnormality at the edge
of an imaged target region (for example, a liver abnormality
seen during MRI of the spine), thereby perhaps influencing the
next steps in the clinical work-up. This study has implications
not only for the dog as an MR imaging model for diffuse hema-
topoietic neoplasia in people because of its other similarities to
the condition in humans* but also for its potential applicabil-
ity to clinical assessment of infiltrative malignancies in dogs as
companion animals.
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