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PAPER

Comparison between T2 Turbo Inversion Recovery 
Magnitude and T2 Frequency Selective Fat Saturation 
Turbo Spin Echo MRI Sequences in Detection  
of Perianal Fistula

ABSTRACT
Fat suppression magnetic resonance imaging (MRI) sequences are routinely included in the 
MRI protocol for patients with perianal fistula to improve the visibility of the abnormal tracts 
and abscesses against the background of hypo-signal intensity on the image. The objective 
of this study is to compare the turbo inversion recovery magnitude (TIRM) and frequency 
selective fat saturation turbo spin echo (FSTSE) MRI sequences in detecting perianal fistulas 
in terms of time and clarity. The MRI protocol included a coronal T2 turbo inversion recovery 
magnitude sequence, a T2 fat saturation turbo spin echo, and T2 turbo inversion recovery 
magnitude sequences in the axial plane. The evaluation of sequence image quality involved 
calculating the signal-to-noise ratio (SNR) and contrast-to-noise ratio (CNR). Additionally three 
radiologists assessed the best image using a questionnaire designed to align with the study’s 
objectives. The T2 TIRM sequence was found to have the highest number of ticked images. The 
inter-rater kappa agreement showed fair agreement (k = 0.370) between the raters. However, 
the SNR and CNR values for the T2 FSTSE were higher than those of the T2 TIRM sequence, 
with a p-value less than 0.001. There is a significant difference in the meantime in that the 
T2 TIRM sequence has less time than the T2 FSTSE with a p-value < 0.001. Due to its uniform 
fat suppression in the MR image and shorter acquisition time, the turbo inversion recovery 
magnitude sequence exhibited superior performance compared to the T2 frequency-selective 
turbo spin echo sequence.
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1	 INTRODUCTION

A perianal fistula is an inflammatory condition that causes considerable dilemma 
in the area around the anal canal [1]. The incidence rate is around two times higher 
in males than females [2]. Clinically significant symptoms of perianal fistulas include 
discomfort at the site of the fistula, inflammation, purulent discharge, incontinence, 
and a low quality of life for the patient [3]. Magnetic resonance imaging (MRI) has 
superseded alternative imaging methods for perianal fistulas due to its ability to 
provide the most precise information regarding the anatomy of the fistula tract 
and its connection to the anal sphincter muscles. By providing these details, MRI 
increases surgical success rates and decreases rates of perianal fistula recurrence 
[4] [5]. T2-weighted images with a higher signal from fat can mask diseases with 
a prolonged T2 in or near the fatty tissue. Two common pre-pulse fat-suppression 
methods have been employed to addressed this issue: the turbo inversion recovery 
magnitude (TIRM) sequence, which is equivalent to short tau inversion recovery 
(STIR), also called turbo STIR, and the frequency-selective fat saturation turbo spin 
echo (FSTSE) [6] [7]. TIRM is a sequence that uses the inversion recovery pulse 
sequence, with the inversion time adjusted to the fat null point. The effectiveness of 
this sequence relies on the relatively shorter T1 of adipose tissue compared to that 
of most other tissues. The first 180-degree pulse, known as the “inversion pulse,” 
inverts all equilibrium magnetizations. The magnetization returns to its initial 
value, M0, as T1 recovers. Fat-based tissues do not generate any signal when the 
90-degree pulse is applied at the null point of fatty tissue because there is no shift-
ing into the x-y plane upon applying the pulse [8] [9]. TIRM sequences are often 
performed with fast spin echo sequences [10] [11]. FSTSE relies on the observation 
that the resonance frequencies of water and fat differ by 3.5 ppm (parts per million). 
Therefore, utilizing a narrow spectrum of RF frequencies centered on the fat 
Larmor frequency, protons in fat are given a 90° pulse while water protons remain 
unexcited. This pulse type is a chemical shift selective (CHESS) pulse. The imag-
ing sequence is initiated immediately after the CHESS pulse, preventing fat from 
recovering its longitudinal magnetization, resulting in an image with a reduced fat 
signal [9] [12] [13]. Therefore, is there any difference between TIRM and frequency- 
selective FSTSE MRI sequences regarding the clarification of perianal fistulas and 
acquisition time.

Nakatsu et al. [14] aimed to compare the uniformity of fat suppression and 
lesion conspicuity between short inversion time inversion recovery (STIR) fast 
spin-echo (FSE), which is equivalent to TIRM and fat-saturated T2-weighted FSE 
sequences for magnetic resonance (MR) imaging of the neck and thorax. The pro-
spective study comprised a sample of 40 consecutive patients. MR imaging used 
a 1.5 Tesla system. The homogeneity of fat suppression (with n equal to 40) and 
the conspicuousness of lesions (with n equal to 35) were evaluated. In STIR, FSE 
and fat-saturated T2-weighted FSE images were evaluated by three radiologists 
using quantitative analyses (a five-point rank score). The reference images used 
for comparison were FSE without fat saturation. The STIR FSE sequence demon-
strated success in all patients. The statistical analysis revealed that the STIR and 
fat-saturated FSE techniques had mean scores of 4.3 and 2.3, respectively, in terms 
of homogeneity of fat suppression. This difference was statistically significant, 
with a p-value of less than 0.0001. The statistical analysis found that the mean 
scores for lesion conspicuity were 4.3 and 3.5 for the STIR and fat-saturated FSE 
techniques, respectively (p < 0.0001). Consequently, the STIR FSE technique proves 
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to be a reliable clinical approach that produces magnetic resonance images with 
consistent fat suppression.

The purpose of this study is to make a comparison between the TIRM and FSTSE 
MRI sequences in the detection of perianal fistulas (the best one for the radiologist) 
regarding time and perianal fistula clarification.

2	 MATERIALS AND METHODS

2.1	 Data collection

From December 2022 to May 2023, a cross-sectional, non-randomized study 
was conducted in the MRI department of the oncology teaching hospital in Medical 
City, Baghdad, Iraq. Based on a physical examination, the surgical outpatient clinics 
referred fifty patients who were suspected of having perianal fistulas. All partici-
pants provided informed written consent, and the study was approved by the insti-
tution’s ethics committee.

Inclusion criteria: This study includes adult individuals of both genders who have 
a perianal fistula, as determined through a physical examination, and who were 
referred from outpatient surgical clinics. Exclusion criteria include children, preg-
nant women, and any patients contraindicated for MRI examination, such as those 
with cardiac pacemakers or metallic implants, as well as patients with claustrophobia.

Magnetic resonance imaging exams were conducted utilizing 1.5 T (Magnetom 
Aera, Siemens Healthcare, Germany) scanners equipped with a phased-array surface 
coil consisting of 18 channels. No patient preparation was necessary prior to the 
examination. On the MRI table, patients lay flat on their backs, and a phased array 
surface coil was put on their pelvic area. Maintaining proper orientation when using 
MR to image the anal canal is important. The images’ planning is accomplished using 
a sagittal T2-weighted localizer that passes through the patient’s midline. The oblique 
transverse and coronal sections are aligned orthogonally and parallel to the anal sphinc-
ter, respectively. The MRI sequence parameters used in this study were as follows: T2 
TIRM in the oblique coronal plane (TR/TE: 5000/50, flip angle: 140⁰, slice thickness:  
3 mm, interstice gap: 20%, FOV: 390 mm, number of slices: 34, matrix size: 384 × 288,  
inversion time (TI): 160 s, signal averages: 1, acquisition time: 2:27 (min: sec)).  
T2 TIRM in the oblique axial plane ( TR/TE: 5040/50 ms, flip angle: 149⁰, slice thickness: 
3 mm, interstice gap: 20%, FOV: 380 mm, number of slices: 36, matrix size: 384 × 234,  
inversion time (TI): 160 s, signal averages: 1, acquisition time: 2:02 (min: sec)), the 
T2 FS TSE in the oblique axial plane (TR/TE: 5170/65, flip angle: 150⁰, slice thickness: 
3 mm, interstice gap: 30%, FOV: 380 mm, matrix size: 448 × 284, number of slices: 36, 
signal averages 1: acquisition time: 2:07 (min: sec)), and T1 FS TSE in oblique axial 
plane pre and post administration of contrast media (TR/TE: 619/20, flip angle: 160⁰, 
slice thickness: 3 mm, interstice gap: 20%, FOV: 239 mm, matrix size: 192 × 163, num-
ber of slices: 27, signal averages 1: acquisition time: 1:55 (min: sec)).

2.2	 Qualitative assessment of image

For the assessment of the two images, TIRM and FSTSE, four radiologists with a 
high degree in radio diagnosis, more than five years of experience in MRI reporting, 
and more than 40 reports per week were selectively chosen to be employed in the 
oncology teaching hospital as they got higher ranks among their colleagues. Those 
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radiologists reviewed the two imaging data sets with a questionnaire (yes or no) that 
included the following parameters:

•	 T2 TIRM axial
•	 T2 FS TSE axial
•	 If both of them select the best one, please.

2.3	 Quantitative assessment of image

Under the supervision of the radiologist, the assessment of MR image quality 
involves the calculation of signal-to-noise ratio (SNR) and contrast-to-noise ratio 
(CNR) using two regions of interest (ROI): one in the fistula site and the other in 
the nearest normal tissue. The calculation of the SNR and CNR was performed with 
(the Radiant DICOM viewer 2022.1.1) program. The SNR was calculated with the 
equation [10]:

	 signal pathologicalSNR
standard deviation of noise

= 	 (1)

CNR was calculated using the equation [11]:

	 signal pathological signal normal tissue CNR
standard deviation of noise

−= 	 (2)

The pathological signal is obtained when the ROI is placed on the area of the 
perianal fistula. A normal tissue signal is obtained when the ROI is placed on the 
area of normal tissue near the fistula. The mean of the areas of ROI obtained was 
(0.32 mm2). The noise background standard deviation is taken as an average of the 
four corner regions in the image.

2.4	 Statistical analysis

The data were fed to the system, coded, and examined using the statistical pack-
age for social sciences (SPSS) version 26.

The data were presented by frequencies and percentages if qualitative and by 
means ± standard deviations if quantitative. Shapiro Wilk and Kolmogorov-Smirnov 
tests assessed whether quantitative data were normally distributed. A paired sample 
t-test, or Wilcoxon signed rank test, was used to evaluate differences between two 
related continuous variables. The Mann-Whitney U test was employed to evaluate 
the distinction between two independent samples. A P-value equal to or less than 
0.05 was considered significant. This study used the Fleiss Kappa test for reliability 
to assess the inter-rater agreement of more than two raters.

3	 EXPERIMENTAL PROCEDURE

The study results were obtained from 50 patients clinically diagnosed with perianal 
fistula. Most (82%) of those patients with anal fistula were males, while the remaining 
18% were females. The average age of all patients under test was 39 ± 12.46 years.
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Table 1 shows a significant difference between T2 TIRM and T2 FS TSE in SNR 
value with a P-value less than 0.001. The T2 FS TSE had a higher mean (82.12 ± 29.93) 
when compared to T2 TIRM (53.12 ± 14.00). Regarding CNR, there is also a signifi-
cant (P-value < 0.001) difference between the two sequences. The mean ± SD for  
T2 FS TSE was (50.28 ± 28.60), while for T2 TIRM, it was (31.10 ± 11.39).

Table 1. Mean SNR, CNR of the T2 TIRM, FS TSE

Sequences Mean SNR Mean CNR

T2 TIRM 53.12 ± 14.00 31.10 ± 11.39

T2 FS TSE 82.12 ± 29.93 50.28 ± 28.60

P-value < 0.001 < 0.001

Table 2 shows the frequency distribution of the raters’ answers about the visu-
alization of fistulas by different MRI sequences according to the prepared ques-
tionnaire. It found that the three raters ticked most of the images for the T2 TIRM 
sequence. Rater number 2 mentioned that 48 out of 50 (96%) images demonstrated 
the presence of fistula in T2 TIRM, followed by 92% by Rater 3 and 84% by Rater 
number 1. About T2 FS TSE, rater 2 mentioned that they could visualize an anal 
fistula in only two images out of 50 (4%). The highest percentage was demonstrated 
by rater one, who found the fistula in eight (16%) images.

The inter-rater kappa agreement was performed to test the reliability of the ques-
tionnaire used to evaluate MRI images obtained for the visualization of 50 patients 
clinically diagnosed with perianal fistula, as shown in Table 3. The test statistic result 
indicates a significant (P-value < 0.001) and moderate (k = 0.370) agreement among 
the three raters regarding the use of T2 TIRM versus T2FSTSE for the specific ques-
tion, as demonstrated in Figure 1. Comparing the time required for the two MRI 
sequences used in this study is established in Table 4. Even a small difference was 
demonstrated in T2 TIRM and T2 FS TSE. The observed difference was statistically 
significant (P-value < 0.001).

Table 2. Frequency and percentage of T2 TIRM, T2 FS TSE for three raters

Frequency (Percentage) T2 TIRM Frequency (Percentage) T2 FS TSE

Rater 1 42 (84%) 8 (16%)

Rater 2 48 (96%) 2 (4%)

Rater 3 46 (92%) 4 (8%)

Table 3. Inter-rater reliability and overall agreement between physicians in the diagnosis of perianal fistula 
among 50 patients

Sequences Kappa 95% Confidence Interval (CI) P-Value

T2 TIRM vs T2 FS TSW 0.370 0.365 - 0.375 < 0.001

Table 4. Time difference between T2 TIRM and T2 FS TSE

Sequence Mean ± Standard Deviation (SD) P-Value

T2 TIRM 2:02 ± 0.02
< 0.001

T2 FS TSE 2:08 ± 0.02
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Fig. 1. A female patient, aged 40, who presented with perianal fistula (green arrow); a: T2 FS TSE in the 
oblique axial plane shows uneven fat suppression (white arrow); and b: T2 TIRM in the oblique axial plane 

shows even fat suppression (white arrow)

4	 DISCUSSIONS

In patients with suspected perianal inflammatory diseases (e.g., fistulous dis-
ease), fat-suppressed T2-weighted sequences (either TIRM or frequency-selective 
fat-saturation) are added to the protocol. This addition enhances the visibility of 
fluid-containing tracts and abscesses, thereby facilitating the detection of small tracts [15].  
No studies have compared T2 TIRM and FSTSE in terms of their ability to detect peri-
anal fistulas in relation to time, SNR, or CNR. In our research, the SNR and CNR showed 
significant differences between the T2 FS TSE and T2 TIRM sequences (p-value was 
less than 0.001). This finding is consistent with Bloem et al. [16], who attributed the 
higher SNR in T2 FS TSE more than the inversion recovery sequence (TIRM).

Fig. 2. A male, 20-year-old, presenting with perianal fistula (green arrow), a: T2 TIRM image in the oblique 
axial plane representing even fat suppression (white arrow); b: T2 FS TSE image in the oblique axial plane 

showing uneven fat suppression (white arrow)

Fig. 3. A male, 32-year-old, presenting with perianal fistula (small green arrow) and inflammatory changes 
(white arrow), a: T2 FS TSE image in the oblique axial plane demonstrating uneven fat suppression (black 

arrow), and b: T2 TIRM image in the oblique axial plane demonstrating even fat suppression  
in the site of the fistula and edge of the image (thick black arrow)
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The principle behind fat suppression in the FS TSE sequence lies in the distinct 
resonance frequency difference of approximately 3.5 ppm between fat and water. 
Consequently, during the acquisition of T2 FSTSE, a resonance frequency pulse is 
applied that aligns with the resonance frequency of white fat.

White fat comprises lobules that are separated by loose connective tissue septa 
and supported by stroma. During the MRI acquisition, two distinct components con-
tribute to the signal from white fat. Lipids primarily generate the signal, accounting 
for more than 80% of it.

In comparison, protons from hydrogen atoms in the water within the loose con-
nective tissue contribute to less than 20% of the signal. T2 FS TSE is a lipid-specific 
sequence with high SNR and CNR. However the inhomogeneity of the static magnetic 
field may alter the resonance frequency of water and fat. In these specific areas, the 
resonance frequency of the saturation (CHESS) pulse could not be aligned with the res-
onance frequency of lipids, leading to insufficient fat suppression [17]. Areas charac-
terized by fluid, pus, and granulation tissue exhibit high signal intensity against a low 
background in imaging [1]. However, the qualitative assessment in our study showed 
that the TIRM sequence was preferable compared to the FS TSE in the detection of peri-
anal fistula among 50 patients (kappa = 0.370), which means a fair agreement between 
them, as illustrated in Figures 2 and 3. The average rater’s sensitivity for TIRM replac-
ing FS TSE was (90.7%), taking the physical examination as the gold standard. That 
agreed with Jabeen et al. [18], who showed the diagnostic accuracy of STIR (equivalent 
to TIRM) as a limited protocol in diagnosing perianal fistula in a developing country, 
with the sensitivity of STIR at 96.6% taking the surgical reports as a gold standard.

The advantage of TIRM over FS TSE is the uniformity of the fat suppression pro-
duced by the TIRM pulse sequence due to the basic principles of nulling the white fat 
signal and the tissue signals with a short T1 similar to fat [17], and the strong insensi-
tivity to Bo inhomogeneity in contrast to FS TSE [19], means the TIRM sequence can 
be relied on even in challenging anatomical locations, such as perianal fistula, which 
shows up as a strip or band of tissue with high signal intensity, clearly distinguish-
able from the surrounding muscle and fat [20]. Nakatsu et al. [14] reported that the 
STIR FSE (equivalent to TIRM) is reported as superior to the T2 FS TSE in cervical and 
thoracic magnetic resonance imaging regarding the lesion conspicuity and homoge-
neity of fat suppression. In addition, our study demonstrated a significant difference 
statistically for the acquisition time of the T2 TIRM sequence, which was less than 
the T2 FS TSE with a p-value less than 0.001, making it preferable.

In postoperative patients, the presence of a foreign body can cause modifica-
tions in the local magnetic field, leading to the generation of a susceptibility artifact. 
Susceptibility refers to the ability of a material to cause distortion or alteration in a 
static magnetic field. The artifact is typically observed at the boundary or interface 
between substances with different magnetic susceptibilities. MR imaging artifacts in 
postoperative patients can be attributed to suture artifacts, such as a seton implanted 
along the fistula track. Among various types of sutures, silk is commonly utilized 
and known to induce the most prominent susceptibility artifact compared to other 
suture materials. However, the TIRM sequence is an effective alternative strategy 
that relies less on the homogeneity of the primary magnetic field to achieve signal 
suppression. TIRM imaging reduces susceptibility effects in fat-suppressed imaging 
by utilizing T1 relaxation differences instead of processional frequency differences 
(as seen in FS TSE sequences) to nullify the signal originating from fat [1].

There are several limitations to our study. First, the small sample size, and sec-
ond, the study was conducted at a single center. Therefore, it is recommended to 
conduct multi-centric studies with a larger sample size in our population.
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5	 CONCLUSION

Our study showed the preferable T2 fat suppression sequence for detecting peri-
anal fistulas. The TIRM technique demonstrated superiority over the T2 frequency- 
selective fat saturation sequence. Despite the lowering of SNR and CNR of the TIRM 
sequence, TIRM provides uniform fat suppression even at the edge of the image and is 
less affected by Bo inhomogeneity and susceptibility artifacts caused by a foreign body 
in postoperative patients, with less adequate time of two minutes and two seconds.
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