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ABSTRACT 

 

T2-weighted sequences are commonly relied upon in magnetic resonance (MR) imaging 

protocols for the detection of brain lesions in dogs. Previously the effect of fluid suppression via 

fluid attenuated inversion recovery (FLAIR) has been compared to T2-weighting with mixed 

results. Short tau inversion recovery (STIR) has been reported to increase the detection of some 

CNS lesion in people. The purpose of the current study was to evaluate the effect of fat 

suppression on brain parenchymal contrast resolution and lesion detection in dogs.  We 

compared three sequences: T2-weighted images (T2w), STIR, and T2-weighted fluid attenuated 

inversion recovery with chemical fat suppression (T2-FLAIR-FS) in dogs with 

meningoencephalitis.  Dogs with meningoencephalitis and dogs with idiopathic epilepsy were 

retrospectively identified and anonymized.  Evaluators recorded the presence or absence of 

lesions within 12 predetermined brain regions on randomized sequences, viewing and scoring 

each sequence individually. Additionally signal to noise ratios, contrast to noise ratios, and 

relative contrast were measured in a reference population. STIR sequences had the highest 

relative contrast between grey and white matter. While descriptively more lesions were 

identified by evaluators on T2-FLAIR-FS images, there was no statistical difference in the 

relative sensitivity of lesion detection between the sequences. Nor was there a statistical 

difference in false lesion detection within our reference population. STIR may be favored for 

enhanced anatomic contrast depiction in brain imaging. No benefit of the inclusion of a fat 

suppressed T2-weighted FLAIR sequence was found. 
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INTRODUCTION 

Though much clinical attention is given to optimizing signal to noise ratio (SNR), it has been 

stated that contrast to noise ratio (CNR) may be the most important aspect of magnetic 

resonance (MR) image quality.1 It is the relative contrast within an image that allows observers 

to differentiate tissues and likely lesions within tissue.2 Each MR pulse sequence provides a 

different CNR, which changes with magnetic field strength, and relative contrast, which may 

not.2 Fat suppression eliminates high signal from fat causing an expanded grayscale, thereby 

altering the signal of non-suppressed tissues.3-5 Fat suppressed T2- and proton density- (PD) 

weighted sequences have been associated with increased sensitivity for detecting certain CNS 

lesions in people.6-9 

Magnetic resonance (MR) imaging of the brain is now standard at many referral veterinary 

institutions for the clinical evaluation of dogs and cats with intracranial disease. In order to 

identify brain lesions with MR, an evaluator must recognize either structural alterations of 

anatomy (e.g., a mass) or changes in the parenchymal signal intensity. Imaging protocols are 

developed that include pulse sequences to provide optimal spatial resolution and enhance 

tissue contrast resolution. Subject tissue contrast is based on differences in MR relaxation times 

and intrinsic local tissue environments. Magnetic resonance pulse sequence protocols for 

canine and feline brain imaging have been previously reported and invariably include T2-

weighted (T2w) sequences (spin echo or turbo spin echo).10-20 The long repetition and echo 

times used in T2w sequences produce high signal intensity in tissues with long T2 relaxation 

times such as CSF or edema. Lesions with increased fluid content are often most conspicuous 
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on T2w images, making T2-weighting one of the most relied upon sequences for lesion 

detection.18 However the high signal from both CSF and fat on T2w images can make superficial 

or periventricular lesions difficult to distinguish, highlighting the need for more sensitive 

imaging sequences. 

Fluid attenuated inversion recovery (FLAIR) is an imaging sequence which is initiated by a 180⁰ 

inversion pulse, allowing the selective nulling of signal from pure fluids such as cerebrospinal 

fluid (CSF) and cysts. With magnetic field strengths above 1T, FLAIR images can be weighted to 

enhance either T1 or T2 characteristics. The T2-weighted FLAIR (T2-FLAIR) sequence produces 

high signal intensity in edematous lesions, similar to T2w, though with very low signal intensity 

from CSF. The benefit of T2-FLAIR for brain lesion detection has been previously studied with 

mixed results. T2-FLAIR was compared with T2w in dogs and cats with suspected intracranial 

disease.21 The authors reported very similar overall lesion detection and sequence agreement 

between T2w and T2-FLAIR, the benefit of T2-FLAIR mainly being the identification of 

periventricular or intraventricular lesions and confirming cystic fluid within lesions.21 

Simultaneous viewing of both sequences was necessary to confidently identify some 

periventricular lesions. The authors suggested that in the large majority of patients, the 

addition of T2-FLAIR sequences would not likely improve lesion detection. However a different 

study found T2-FLAIR to be the most sensitive sequence for detecting brain lesions and 

predicting abnormal CSF in dogs with multifocal inflammatory intracranial disease as compared 

to T2w and both pre- and postcontrast T1-weighting.22 In some of this study’s cases, T2-FLAIR 

was the only sequence in which any lesions were detected. 
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The suppression of signal from fat is another technique that has been investigated for 

enhanced CNS lesion detection in both veterinary and human patients. The MR signal from fat 

is most commonly suppressed by either short tau inversion recovery (STIR), by applying 

frequency-selective chemical fat saturation, or by opposed phase fat suppression.23, 24 To date 

the primary benefit of fat suppression techniques reported for veterinary CNS imaging has been 

for distinguishing lesions obscured by epidural, retrobulbar, paravertebral, or medullary bone 

fat in post-contrast enhanced T1-weighted sequences.4, 5 However STIR has been reported to 

enhance detection of some brain and spinal cord parenchymal lesions in human patients.6-9 At 

high (3T) MR field strengths, STIR is influenced by the additive effects of proton density, T1 

relaxation, and T2 relaxation and has been reported to create both high brain-CSF contrast (like 

T2w) and high grey-white matter contrast (like proton density weighted images).9  The routine 

use of STIR or fast STIR sequences in CNS imaging has been suggested by some in human 

diagnostic radiology because of its increased lesion detection over T2w.9, 25-29    

The purpose of the current study was to evaluate fat suppressed T2-weighted or proton 

density-weighted sequences and the effect on brain parenchymal contrast resolution and lesion 

conspicuity in dogs. The authors of this paper are not aware of a previous comparison between 

STIR and either T2w or T2-FLAIR for brain lesion detection in dogs. In this retrospective and 

cross-sectional study, our hypotheses were that: (1) STIR and T2-FLAIR with chemical fat 

saturation (T2-FLAIR-FS) would provide higher tissue contrast resolution than T2w in dogs with 

idiopathic epilepsy, and (2) both STIR and T2-FLAIR-FS would identify more lesions than T2w in 

 dogs with meningoencephalitis, suggesting a higher relative sensitivity.   
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MATERIALS AND METHODS 

Medical records at the Texas A&M University Teaching Hospital were searched from October 

2011 to March 2013 for dogs presenting with signs of intracranial neurological disease. To 

reduce the rate of lesion detection caused by the identification of defined masses, lesion 

scoring was limited to those with meningoencephalitis. For inclusion in the study, dogs were 

required to have antemortem brain MR at 3T and meet the criteria of one of two study 

populations: (1) dogs with idiopathic epilepsy (reference population), diagnosed by history of 

recurrent seizures (>2 events separated by at least 1 week in time), an age at seizure onset of 1-

7 years, normal brain MRI and CSF analysis, and no remarkable changes on blood work 

(complete blood count, serum biochemistry, and ammonia);20 or (2) dogs with 

meningoencephalitis (inflammatory disease population), diagnosed by inflammatory 

cerebrospinal fluid tap (>5 total nucleated cells/µL with total red blood cells/ µL <2500 or 

necropsy diagnosis) and no known neoplasia.30, 31 These criteria were selected to emphasize the 

importance of tissue signal characteristics and sequence contrast resolution in lesion 

identification. The enrolled dogs in the inflammatory disease population were not required to 

have MR-detected lesions in the medical record.  

The study was limited to the following pre-contrast turbo spin echo sequences: T2w, STIR, and 

T2-FLAIR-FS, each in the transverse plane. Studies were acquired on a 3.0T system (Magnetom 

Verio, Siemens Medical Solutions USA, Malvern, PA, USA). Sequence parameters were as 

follows: T2w (repetition time (TR) 4200-6300 ms, echo time (TE) 93-115 ms, slice thickness 2.5 

mm, interslice gap 0.1-0.3 mm, matrix 256-320 x 139-272), STIR (TR 4000-5100 ms, TE 31-43 
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ms,  inversion time (TI) 220 ms, slice thickness 2.5 mm, interslice gap 0.3 mm, matrix 256-320 x 

205-241), T2-FLAIR-FS (TR 9000 ms, TE 92-95 ms, TI 2500 ms, slice thickness 2.5 mm, interslice 

gap 0.1-0.3 mm, matrix 256-320 x 139-197).  

For an objective analysis of tissue contrast resolution, only the reference population (dogs with 

idiopathic epilepsy) was used in order to provide normal tissue margins and locations. 

Measurements were performed by one author (J.M.M.) on each animal at 4 sites of grey-white 

matter interface: the frontal lobes at the level of the caudate nuclei, the temporal lobes at the 

level of the interthalamic adhesion, the cingulate gyrus at the level of the corpus callosum, and 

the occipital lobe at the level of the tentorium cerebelli. At each site one T2w slice was 

selected, on which a region of interest (ROI) was manually placed in the grey matter and 

another in the white matter.  The left hemisphere was selected for this analysis. Regions of 

interest were drawn to include as much of the grey or white matter at each location as possible 

without inclusion of other tissues. The mean voxel signal greyscale intensity of the ROI was 

recorded at each site for grey and then white matter. Commercial viewing software (Osirix 

version 5.5, OsiriX Imaging Software, OsiriX Foundation, Geneva, Switzerland) was used to 

replicate identical ROIs from the T2w slices to the corresponding STIR and T2-FLAIR-FS slices of 

the same patient (Figure 1). On each image where measurements were made, an ROI was 

placed in the adjacent air to measure noise. The mean signal intensity, standard deviation, 

signal to noise ratio (SNR), contrast to noise ratio (CNR), and relative contrast (RC) between 

grey and white matter was calculated for each location. Combining all ROIs, these variables 

were calculated for each sequence. 
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Figure 1. Transverse T2w (A), STIR (B), and T2-FLAIR-FS (C) MR images made at the level of the thalamus in a 3-year 

old mixed breed dog with idiopathic epilepsy. Regions of interest (ROI) have been manually placed in the grey and 

white matter of the left cingulate gyrus and in the adjacent air on the T2w images. The ROI’s were then replicated 

in the corresponding locations of matched slices on the STIR and T2-FLIR-FS images.  

 

The inflammatory disease and reference populations were combined to estimate the relative 

sensitivity for lesion detection. All sequences were anonymized and randomized by two 

investigators (J.L.F., B.D.Y.). All studies were evaluated in digital format by four investigators, 

two-board certified radiologists (B.D.Y., J.F.G) and two board certified neurologists (J.M.L., 

J.M.M.). Evaluators viewed only one sequence at a time. They were free to manipulate window 

width and level with full scrolling control, similar to clinical MR evaluation. Evaluators were able 

to determine the sequence type being viewed by virtue of the tissue signal characteristics, 

therefore no attempt was made to subjectively rate image quality. Sequences were reviewed 

individually in a blinded fashion. For the purpose of this study, 12 regions of the brain were 

considered: right and left portions of the telencephalon, diencephalon, mesencephalon, 

cerebellum, pons, and myelencephalon. The adjacent meninges were included in each brain 
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region. For every MR sequence, evaluators were asked to score each brain region: a score of 0 

was given for no lesions detected; a score of 1 was given if any lesions were detected in the 

region, regardless of the number (Figure 2). This binary scoring for each region was chosen to 

account for the inherent difficulty of defining lesion boundaries and number. Thus, for each MR 

sequence, an evaluator could score a brain from 0-12 (i.e., a score of 12 would reflect one or 

more lesions in every brain region).  

 

Figure 2. Transverse T2w (A), STIR (B), and T2-FLAIR-FS (C) MR images made at the level of the thalamus in a 4-year 

old West Highland White Terrier with granulomatous meningoencephalitis (GME). Evaluators could only review 

one anonymized and randomized MR sequence at a time. In each of these matched slices, hyperintense lesions are 

visible in the internal capsule of the right (black arrowheads) and left (white arrowheads) cerebral hemispheres 

and in the left thalamus (white arrows). There is also generalized loss of grey-white matter distinction in the 

temporal and pyriform lobes. 

 

STATISTICAL ANALYSIS 

All statistical analyses were selected and performed by one author (G.T.F.). The signal to noise 

ratio (SNR) was calculated as the signal intensity of the tissue divided by the standard deviation 
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of the signal intensity for the surrounding air.2, 32  The contrast to noise ratio (CNR) was 

calculated as the (signal intensity of the gray matter minus the signal intensity of the white 

matter) divided by the standard deviation of the signal intensity for the surrounding air.  The 

relative contrast (RC) was calculated as the (signal intensity of the gray matter minus the signal 

intensity of the white matter) divided by the signal intensity of the gray matter.2  Signal 

intensity data were assessed for normality by calculating descriptive statistics, plotting 

histograms, and performing the Anderson-Darling test in commercially available software 

(MINITAB Statistical Software, Release 13.32, Minitab Inc, State College, Pennsylvania, USA).  

The effect of MR sequence on the signal intensity was estimated using linear mixed-models that 

included random effect terms for dog and image reviewer and fixed effects for brain location 

and MR sequence.  The effect of MR sequence on the incorrect recognition of lesions in dogs 

with idiopathic epilepsy was estimated using mixed-effects logistic regression including random 

effects for dog and image reader and fixed effects for brain location and MR sequence.  

Similarly, the effect of MR sequence on the recognition of lesions in dogs diagnosed with 

intracranial inflammatory disease was estimated using mixed-effects logistic regression 

including random effects for dog and image reader and fixed effects for brain location and MR 

sequence.  Multiple post-hoc pairwise comparisons were adjusted using the Bonferroni 

correction of P values.  Statistical modelling was performed in commercially available software 

(IBM SPSS Statistics Version 21, International Business Machines Corp., Armonk, New York, 

USA) and results were interpreted at the 5% level of significance (p ≤ 0.05).  Kappa statistics 

were estimated independently for each MR sequence by entering standard formulas into a 

spreadsheet program as a measure of agreement among reviewers.33 
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RESULTS 

A total of 46 dogs were included in the study. Sixteen dogs met the inclusion criteria of the 

reference population (diagnosed with idiopathic epilepsy). These included 2 male, 4 castrated 

male, 3 female, and 7 spayed female animals with a mean age of 3.5 years (range, 0.5-11 years). 

Breeds included mixed breed dogs (n=2) and one each of American Pit Bull Terrier, Australian 

Cattle Dog, Basset Hound, Belgian Malinois, Boxer, Cardigan Welsh Corgi, Catahoula Leopard 

Dog, Dalmatian, English Bulldog, Fox Terrier, French Bulldog, Maltese, Scottish Terrier, and Shih 

Tzu. Thirty dogs met the inclusion criteria for the inflammatory disease population. These 

included 2 male, 13 castrated male, 2 female, and 13 spayed female animals with a mean age of 

4.6 years (range, 1-12 years). Breeds included American Pit Bull Terrier (1), Basset Hound (1), 

Border Collie (1), Boston Terrier (1), Cairn Terrier (1), Catahoula Leopard Dog, Chihuahua (3), 

Dachshund (2), English Setter, German Shepherd (2), Labrador Retriever (1), Maltese (3), 

Pekingese, Pomeranian Poodle (3), Rottweiler, Schnauzer, Shih Tzu (2), West Highland White 

Terrier (1), and Yorkshire Terrier (2). Specific neurological diagnoses were histologically or 

necropsy confirmed in some cases. Others were presumptive and based on clinical data 

including infectious disease titers, CSF, MRI features, and breed or other signalment features. 

Clinical diagnoses included granulomatous meningoencephalitis (GME, n=15), 

meningoencephalitis of unknown etiology (10), necrotizing meningoencephalitis (NME, 3), and 

aspergillosis (2).  

In the 16 dogs with idiopathic epilepsy, the mean and SD for signal intensity, SNR, CNR, and 

relative contrast between grey and white matter are displayed for each location and each pulse  
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Table 1.  Comparison of Contrast Between White and Grey Matter Among T2w, STIR, and T2W-FLAIR-FS 

Magnetic Resonance (MR) Sequences in 15 Dogs with Idiopathic Epilepsy. 

                      MR sequence*       

Location Tissue Measure          T2w      STIR T2W-FLAIR-           

FS 

P-value† 

Cingulate White Values 193
a
 (26) 110

b
 (16) 213

a
 (75) <0.001 

  SNR 61
a
 (20) 35

b
 (12) 68

a
 (37) <0.001 

 Grey Values 295
a
 (47) 234

b
 (31) 283

a,b
 (90) 0.013 

  SNR 94
a
 (36) 74

b
 (27) 90

a,b
 (46) 0.032 

 Contrast CNR 34
a
 (18) 39

a
 (17) 22

b
 (11) <0.001 

  RC (%) 34
a
   (8) 52

b
   (7) 25

c
   (8) <0.001 

       

Frontal White Values 200
a
 (25) 113

b
 (14) 198

a
 (69) <0.001 

  SNR 65
a
 (18) 37

b
 (11) 66

a
 (37) <0.001 

 Grey Values 264
a
 (36) 205

b
 (24) 252

a
 (89) 0.004 

  SNR 86
a
 (25) 67

b
 (19) 85

a,b
 (50) 0.022 

 Contrast CNR 21
a
   (9) 30

b
   (9) 19

a
 (13) <0.001 

  RC (%) 24
a
   (5) 45

b
   (4) 21

a
   (4) <0.001 

       

Occipital White Values 212
a
 (27) 131

b
 (27) 251

c
 (47) <0.001 

  SNR 64
a
 (16) 40

b
 (13) 78

c
 (29) <0.001 

 Grey Values 294
a
 (54) 239

b
 (50) 318

a
 (68) <0.001 

  SNR 90
a
 (26) 74

b
 (26) 100

b
 (41) <0.001 

 Contrast CNR 25
a
 (13) 34

b
 (17) 21

a
 (14) <0.001 

  RC (%) 27
a
   (8) 45

b
   (8) 21

c
   (6) <0.001 

       

Temporal White Values 232
a
 (39) 135

b
 (21) 222

a
 (52) <0.001 

  SNR 72
a
 (22) 42

b
 (13) 68

a
 (20) <0.001 
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 Grey Values 301
a
 (55) 221

b
 (30) 270

a
 (59) <0.001 

  SNR 93
a
 (27) 68

b
 (16) 83

a
 (23) <0.001 

 Contrast CNR 21
a
   (8) 26

b
   (7) 15

c
   (6) <0.001 

  RC (%) 22
a
   (6) 39

b
   (8) 18

c
   (5) <0.001 

       

Overall White Values 209
a
 (33) 122

b
 (22) 221

a
 (63) <0.001 

  SNR 66
a
 (19) 39

b
 (12) 70

a
 (31) <0.001 

 Grey Values 289
a
 (50) 225

b
 (37) 281

a
 (80) <0.001 

  SNR 91
a
 (28) 71

b
 (22) 89

a
 (41) <0.001 

 Contrast CNR 25
a
 (14) 32

b
 (14) 19

c
 (12) <0.001 

  RC (%) 27
a
   (8) 45

b
   (8) 21

c
   (6) <0.001 

*Data presented as mean (standard deviation). 

†Based on mixed-effects linear regression.  Means without suprascripts in common are significantly different after 

Bonferroni correction for multiple pairwise comparisons. 

SNR = signal to noise ratio.  CNR = contrast to noise ratio.  RC = relative contrast. 

 

sequence (Table 1). Overall, STIR images had the highest contrast to noise ratio (CNR) and 

relative contrast (RC), with T2w achieving the next highest, and T2-FLAIR-FS having the lowest 

CNR and CR. In each of the 4 areas where the grey and white matter were measured, STIR had 

the lowest signal to noise ratio (SNR) in both grey and white matter while T2w and T2-FLAIR-FS 

were not different. 

In the 16 dogs with idiopathic epilepsy, the proportion of dogs with lesions incorrectly 

identified is displayed for each pulse sequence (Table 2). The incorrect recognition of lesions in 

dogs with idiopathic epilepsy was low, but highest in T2-FLAIR-FS (Table 2). However, no 

statistical differences in false lesion detection were recognized following correction for multiple  
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Table 2.  Comparison of Magnetic Resonance (MR) Sequences for the Incorrect Recognition of Lesions in 16 Dogs 

with Idiopathic Epilepsy as Determined by Four Readers. 

  T2w STIR                     T2W-FLAIR-FS      

Location Side PI (95% CI) PI (95% CI) PI (95% CI) P-value* 

Cerebellum Left 0 (0, 0.07) 0 (0, 0.07)  0.03 (0, 0.18) 0.814 

 Right 0 (0, 0.07) 0 (0, 0.07)  0.03 (0, 0.18) 0.814 

      

Diencephalon Left 0 (0, 0.07) 0.03 (0.01, 0.12)  0.09 (0.02, 0.30) 0.372 

 Right 0 (0, 0.07) 0.02 (0, 0.10)  0.09 (0.02, 0.30) 0.216 

      

Mesencephalon Left 0 (0, 0.07) 0.05 (0.01, 0.16)  0.11 (0.01, 0.43) 0.396 

 Right 0 (0, 0.07) 0.03 (0.01, 0.12)  0.09 (0, 0.46) 0.337 

      

Myelencephalon Left 0.02 (0, 0.10) 0.05 (0.01, 0.16)  0.03 (0.01, 0.12) 0.861 

 Right 0.02 (0, 0.10) 0.03 (0.01, 0.12)  0.05 (0.01, 0.16) 0.861 

      

Pons Left 0 (0, 0.07) 0.05 (0.01, 0.16)  0 (0, 0.07) 0.626 

 Right 0 (0, 0.07) 0.03 (0.01, 0.12)  0 (0, 0.07) 0.814 

      

Telencephalon Left 0.03 (0.01, 0.12) 0.02 (0, 0.10)  0.16 (0.04, 0.39) 0.038 

 Right 0.03 (0.01, 0.12) 0.03 (0.01, 0.12)  0.16 (0.04, 0.39) 0.053 

      

All Both 0.01 (0, 0.02) 0.03 (0.02, 0.04)  0.07 (0.04, 0.11) <0.001 

PI = proportion incorrect.  CI = confidence interval. 

*Based on mixed-effects logistic regression 
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Table 3.  Comparison of Magnetic Resonance (MR) Sequences for the Recognition of Lesions (Relative Sensitivity) 

in 30 Dogs with Intracranial Inflammatory Disease as Determined by Four Readers. 

  T2w STIR            T2W-FLAIR-FS      

Location Side PL (95% CI) PL (95% CI) PL (95% CI) P-value* 

Cerebellum Left 0.23 (0.16, 0.32) 0.23 (0.16, 0.32) 0.35 (0.25, 0.46) 0.004 

 Right 0.14 (0.09, 0.22) 0.13 (0.08, 0.21) 0.19 (0.13, 0.28) 0.137 

      

Diencephalon Left 0.30 (0.22, 0.39) 0.33 (0.23, 0.44) 0.35 (0.25, 0.46) 0.385 

 Right 0.28 (0.20, 0.37) 0.30 (0.22, 0.39) 0.28 (0.21, 0.38) 0.787 

      

Mesencephalon Left 0.33 (0.23, 0.43) 0.35 (0.22, 0.51) 0.36 (0.21, 0.54) 0.639 

 Right 0.28 (0.20, 0.37) 0.33 (0.23, 0.44) 0.33 (0.19, 0.51) 0.283 

      

Myelencephalon Left 0.30 (0.22, 0.39) 0.33 (0.24, 0.42) 0.34 (0.26, 0.44) 0.467 

 Right 0.30 (0.22, 0.39) 0.32 (0.24, 0.41) 0.29 (0.21, 0.38) 0.739 

      

Pons Left 0.29 (0.21, 0.38) 0.32 (0.22, 0.43) 0.28 (0.18, 0.40) 0.446 

 Right 0.25 (0.17, 0.35) 0.28 (0.19, 0.40) 0.24 (0.14, 0.38) 0.392 

      

Telencephalon Left 0.36 (0.27, 0.45) 0.36 (0.27, 0.45) 0.43 (0.34, 0.53) 0.047 

 Right 0.32 (0.24, 0.41) 0.31 (0.23, 0.40) 0.41 (0.32, 0.50) 0.016 

      

All Both 0.28 (0.26, 0.30) 0.30 (0.27, 0.33) 0.32 (0.29, 0.36) 0.004 

PL = proportion with identified lesions.  CI = confidence interval 

*Based on mixed-effects logistic regression 
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Table 4.  Agreement Among 4 Readers for the Identification of Lesions in 16 Dogs with Idiopathic Epilepsy and 30 

Dogs with intracranial inflammatory disease. 

            T2w         STIR T2W-FLAIR-FS 

Location Side kappa (95% CI) kappa (95% CI) kappa (95% CI) 

Cerebellum Left 0.66 (0.55, 0.78) 0.64 (0.52, 0.75) 0.58 (0.46, 0.70) 

 Right 0.81 (0.69, 0.92) 0.50 (0.38, 0.62) 0.58 (0.46, 0.70) 

     

Diencephalon Left 0.79 (0.68, 0.91) 0.68 (0.56, 0.79) 0.51 (0.39, 0.63) 

 Right 0.74 (0.62, 0.86) 0.71 (0.60, 0.84) 0.45 (0.33, 0.56) 

     

Mesencephalon Left 0.73 (0.61, 0.85) 0.58 (0.46, 0.70) 0.47 (0.35, 0.59) 

 Right 0.67 (0.55, 0.79) 0.59 (0.47, 0.71) 0.44 (0.32, 0.56) 

     

Myelencephalon Left 0.83 (0.71, 0.95) 0.71 (0.59, 0.83) 0.69 (0.56, 0.80) 

 Right 0.83 (0.71, 0.95) 0.77 (0.65, 0.88) 0.69 (0.57, 0.81) 

     

Pons Left 0.78 (0.66, 0.90) 0.68 (0.56, 0.79) 0.72 (0.60, 0.84) 

 Right 0.76 (0.64, 0.88) 0.68 (0.56, 0.80) 0.66 (0.54, 0.78) 

     

Telencephalon Left 0.76 (0.62, 0.85) 0.88 (0.76, 0.10) 0.48 (0.36, 0.60) 

 Right 0.66 (0.54, 0.78) 0.75 (0.63, 0.87) 0.44 (0.33, 0.56) 

     

Mean kappa (SD) 0.75 (0.06)   0.68 (0.10)    0.56 (0.11) 

CI = confidence interval.  SD = standard deviation 

 

pairwise comparisons. In the 30 dogs with inflammatory brain disease, the proportion of dogs 

with lesions identified is displayed for each pulse sequence (Table 3). There were no differences 
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in lesion detection between sequences in the inflammatory disease population following a 

correction for multiple pairwise comparisons. Data presented in Tables 2 and 3 are proportions 

and confidence intervals (CI) estimated from the pooled evaluations of all reviewers after 

adjustment for the repeated observations using mixed-effects statistical models. Agreement 

among observers was substantial for T2w and STIR and moderate for T2-FLAIR-FS (Table 4).  

DISCUSSION 

We hypothesized that STIR and T2-FLAIR-FS would have higher contrast resolution than T2w 

and would detect more lesions than T2w in dogs with meningoencephalitis. In our study, STIR 

had the highest CNR and relative contrast while T2-FLAIR-FS had the lowest. While descriptively 

more lesions were identified by evaluators on T2-FLAIR-FS images, there was no statistical 

difference in the relative sensitivity of lesion detection between the sequences. Nor was there a 

statistical difference in false lesion detection within our reference population. These findings 

are in agreement with one previous study that found no difference in lesion detection between 

T2w and T2-FLAIR.21 In a different previous study, T2-FLAIR was more sensitive for identifying 

lesions in dogs with intracranial inflammatory disease, a finding our study did not replicate.22 

One difference between that study and the current study design was our addition of chemical 

fat saturation to the T2-FLAIR sequence. It is possible that this factor was responsible for the 

lack of significantly higher sensitivity of this sequence in the current study. A direct comparison 

of lesion detection of T2-FLAIR with and without fat saturation was not performed in this study 

and remains a possible topic for future investigation.   The short echo times used in the STIR 

sequence created proton weighting, which the authors developed for use in routine diagnostic 
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cases due to its overall image contrast. In this study the evaluators favored the image quality of 

the STIR sequence and found the T2-FLAIR-FS least favorable. This likely reflects our finding of 

highest relative contrast in STIR and lowest in T2-FLAIR-FS. STIR is known for providing high 

anatomic detail of the brain in human patients, allowing enhanced surgical planning for 

superficial brain tumors.9 It has been compared to the high resolution T2-reversed MRI, which 

offers superior anatomic detail.9, 34, 35 Additionally the high contrast resolution of STIR has 

allowed improved diagnosis of parenchymal CNS lesions such as spinal cord multiple sclerosis 

plaques.6, 8, 36, 37 The routine inclusion of STIR in brain MR protocols has been recommended for 

the evaluation of demyelinating diseases in children with epilepsy.25 However in our study, the 

superior contrast resolution of STIR did not improve lesion detection in dogs with 

meningoencephalitis.  

The three sequences evaluated differed in relative contrast and CNR, though these factors did 

not significantly impact the relative sensitivity of lesion detection. However evaluators had 

notably higher agreement in lesion detection when viewing each of the 2 sequences with 

higher relative contrast and CNR (STIR and T2w) compared to T2-FLAIR-FS. It is notable that 

while not statistically different, descriptively more false lesions were identified by evaluators on 

T2-FLAIR-FS. Combined with the results of the agreement analysis, it may be surmised that STIR 

enhances definition of anatomy while the T2-FLAIR-FS enhanced the variation in parenchymal 

signal intensity, sometimes to the detriment of accuracy. 

One potential limitation of this study arises from our study design, which was selected to 

optimize the importance of tissue signal intensity over architectural change for brain lesion 



19 
 

detection. The purpose was to compare as closely as possible the diagnostic effect of pulse 

sequence relative contrast. It was presumed that masses, especially those with defined 

margins, represent the lesion type that is least dependent on subtle differences in signal 

intensity to detect. Only records from animals with meningoencephalitis were searched in 

creation of the group with expected lesions, because masses are found less commonly in 

inflammatory brain disease than in neoplastic or vascular brain diseases, and inflammatory 

brain lesions rarely have defined margins.11, 38 However we did not exclude animals with mass 

effect, and therefore did not eliminate the influence of mass effect on lesion detection 

altogether. Also the relative sensitivity in detection of other disease categories was not 

evaluated. No histological confirmation of disease etiology was required in either the 

inflammatory disease population or the reference population of presumed idiopathic epileptic 

dogs. The designation of “false” lesions identified in our reference population depended on the 

correct diagnosis of structurally normal brains in this group. However these dogs met standard 

clinical criteria for the diagnosis of idiopathic epilepsy, and with access to the entire MR studies 

for cross reference, no lesions had been identified in these dogs previously. Another potential 

source of error was the binary scoring method for each brain region (i.e., score of either 0 for 

no lesions or 1 for any number of lesions). We were compelled to create a scoring system that 

reflected the fact that multifocal inflammatory lesions typically cannot be delineated, and that 

perilesional T2 hyperintensity (edema) limits one’s ability on MR to distinguish true histologic 

brain lesion margins (i.e., 2 closely positioned lesions in one brain region might appear as either 

one lesion or 2, depending on the edema surrounding them).39-41 Therefore our method 
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evaluated the number of brain regions affected with lesions and may have underestimated a 

difference in total number of brain lesions.  

In conclusion, the addition of a STIR sequence to a standard MR brain imaging protocol may be 

favored for enhanced anatomic contrast depiction, but we identified no increase in relative 

sensitivity for detection of brain lesions. It may be of most benefit for enhancing identification 

of lesions obscured by extradural or medullary fat. No increase in lesion detection was 

identified by the application of chemical fat suppression to a T2-FLAIR sequence nor was it 

favored for image quality.  
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