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Abstract

Object—To develop an improved short tau inversion recovery (iSTIR) technique with 

simultaneous suppression of fat, blood vessels and fluid to increase tumor conspicuity in the 

abdomen for cancer screening.
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Materials and methods—An adiabatic spectrally selective inversion pulse was used for fat 

suppression to overcome the reduced signal to noise ratio associated with chemically non-selective 

inversion pulse of STIR. A motion-sensitizing driven equilibrium was used for blood vessel 

suppression and a dual-echo single-shot fast spin echo acquisition was used for fluid suppression. 

The technique was optimized on four normal subjects and later tested on five patients referred for 

metastatic tumor evaluation.

Results—A velocity encoding of 2 cm/s achieved effective blood suppression even in small 

vessels. Subtraction of two images (one with 60 ms and the other with 280 ms echo time) acquired 

in the same echo train achieved excellent fluid suppression (<70 % reduction). Simultaneous 

suppression of fat, blood vessels and fluid improved the tumor conspicuity compared to 

corresponding fat-suppressed (STIR) image.

Conclusion—This technique generated two complementary images from a single scan: one that 

is equivalent to a STIR image and the other that qualitatively resembles a diffusion-weighted 

image and may have potential for magnetic resonance imaging cancer screening.
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Introduction

Whole-body screening for early detection of metastatic disease and whole-body staging to 

evaluate the extent of existing disease is critical for timely intervention and treatment. Most 

institutions currently use positron emission tomography typically 

with 18Fluorodeoxyglucose (18FDG) using co-registered computed tomography images 

(PET/CT) for screening and staging [1]. However, limited sensitivity for certain tumors, and 

a degree of artifact vulnerability offer options for an alternative. Furthermore, an increasing 

concern of PET/CT revolves around the use of ionizing radiation [2, 3], particularly in 

younger patients with need for repeated exposures during long follow up periods.

In recent years, whole-body magnetic resonance imaging (MRI) has gained increased 

attention for screening of tumor metastasis [4–6]. The excellent soft tissue contrast provided 

by MRI combined with its lack of ionizing radiation makes MRI an attractive approach for 

screening. The most commonly used sequences for MR screening are short-tau inversion 

recovery (STIR) [7], echo planar imaging based diffusion weighted imaging (DW-EPI) [8, 

9], or a combination of both techniques [10, 11]. All these techniques have high sensitivity 

for tumor detection. Various groups have reported high sensitivity and specificity with 

whole-body MRI using STIR and/or DW-EPI for tumor detection when compared to 

PET/CT [12–16].

Diffusion-weighted images are typically acquired with fat suppression. In addition, the 

blood vessels and fluid that may mimic or obscure neoplastic lesions [17, 18] are well 

suppressed due to their high diffusion coefficients and provide an image with increased 

tumor conspicuity. Diffusion-weighted images, however, are signal to noise ratio (SNR) 

limited and often require multiple signal averages that result in an increased total scan time. 
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Furthermore, DW-EPI images are subject to distortion when used with larger fields of view 

(FOV), as needed in body applications, and are typically implemented with limited spatial 

resolution to offset time and signal considerations. On the other hand, STIR provides 

increased tumor conspicuity with limited image distortion due to the fast spin echo (FSE) 

readout, however, STIR images contain numerous residual confounding tissue signals that 

need to be “mentally” edited by the reader. The purpose of this work was to develop a FSE 

based T2-weighted acquisition with simultaneous suppression of fat, blood vessels and fluid 

(iSTIR) to increase tumor conspicuity and compare the iSTIR images in the abdomen with 

fat-suppressed T2-weighted (STIR) images and DW-EPI images.

Materials and methods

Pulse sequence

We utilized a single shot fast spin echo (SSFSE) sequence for data acquisition. SSFSE is a 

commonly used fast T2-weighted imaging technique in the body that provides high SNR 

with negligible geometric distortion [19]. The sequence was modified as shown in Fig. 1 to 

selectively suppress different confounding tissues.

Fat suppression—An adiabatic spectrally selective inversion (ASPIR) pulse was 

included prior to the SSFSE sequence to suppress fat [20]. The ASPIR pulse uses a sharply 

defined bandwidth to selectively invert fat without disturbing the magnetization of the 

remaining tissues and thus provides images with high SNR compared to traditional STIR, 

which uses a chemically non-selective inversion pulse. Additionally, the adiabatic pulse is 

insensitive to B1 inhomogeneities and can therefore produce more uniform fat suppression.

Blood vessel suppression—A motion-sensitizing driven equilibrium (MSDE) module 

(Fig. 1b) [21, 22] was applied following the ASPIR pulse and immediately before the 

excitation pulse of the SSFSE sequence. The MSDE module consisted of an excitation pulse 

(90°), followed by two adiabatic hyperbolic secant refocusing pulses (180°), followed by a 

tip-up pulse (−90°). Flow-suppression gradients were included between the radiofrequency 

(RF) pulses. The RF pulses were all non-selective and hence the flow-suppression gradients 

dephase the signal from the moving tissues in the entire volume of the transmit coil. The tip-

up pulse (−90°) at the end of the MSDE restores the magnetization from stationary tissue to 

the positive longitudinal axis, while the transverse signal from the moving tissue is dephased 

using spoiler gradients (not shown) after the MSDE module. The flow-suppression gradients 

were encoded along all three axes to induce maximum flow dephasing as the strength of 

these gradients determines the velocity of the blood vessel signal that is suppressed.

Fluid suppression—Fluid in the abdomen is an expected constituent and commonly 

found in bile ducts, the collecting systems, bowel and incidental cystic lesions. While these 

fluids tend to have long T1 and T2 values, the precise relaxation values fall in a broad range. 

To suppress these fluids with a range of long T2 values, the SSFSE sequence was modified 

to acquire two echoes—one at a shorter echo time (TE) and the other at a longer TE, 

following the same excitation. The normal tissues with shorter T2 and metastatic lesions 

with moderately prolonged T2 appear only on the shorter TE image, while fluids with vry 
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long T2, such as within cysts and within the bowel lumen appear on both shorter and longer 

TE images. Thus, by subtracting the longer TE image from the shorter TE image, a 

difference image can be obtained which suppresses the signal from the long T2 fluids [23].

Simulations

Simulations were performed to identify the optimum echo times for fluid suppression. 

Following a single excitation, signal intensity of an SSFSE acquisition was calculated as,

(1)

Since each slice experiences only a single excitation with an SSFSE acquisition, an infinite 

TR was assumed. In addition, both the shorter TE and the longer TE images were acquired 

following a single excitation and hence the effect of the ASPIR pulse and MSDE were 

neglected on both signal intensities. The shorter TE (TE1) was fixed at a clinically used 

echo time of 60 ms, while the longer TE (TE2) was varied between 160 and 360 ms. Signal 

intensities at the shorter TE (STE1) and signal difference between the two echoes (STE1 − 

STE2) were plotted against a range of T2 values (Fig. 2).

MRI experiments

The study was approved by the institutional review board and was in compliance with the 

Health Insurance Portability and Accountability Act (HIPAA). Written informed consent 

was obtained from all subjects prior to imaging. The sequence was first tested on four 

normal subjects to evaluate the suppression of various confounding tissues. Fat suppression 

was evaluated by comparing the images against fat-suppressed and conventional T2-

weighted images (please see below for sequence parameters) for uniformity. Blood vessel 

suppression was evaluated by varying the gradient strengths of the MSDE flow suppression 

gradients and comparing the images against conventional T2-weighted images. Fluid 

suppression was evaluated by comparing the signal intensities of various tissues on the 

shorter TE, longer TE and the subtracted T2-weighted images and was measured as the 

percentage signal reduction, defined by

(2)

Increased percentage reduction demonstrates better tissue suppression for fluids. 

Additionally, this percentage reduction also provides a numerical measurement of the signal 

reduction of tissues other than fluids compared to the shorter TE image. Ideally, these 

tissues should experience less signal reduction and hence small percentage reduction in 

signal intensities. The iSTIR sequence was subsequently tested on five patients who were 

referred for evaluation of neoplastic lesions and assessment for metastases and compared 

with the fat-saturated T2-weighted fast spin-echo and DW-EPI sequences used in the 

standard clinical protocol at our institution.

All imaging was performed on a 1.5 T scanner (HDxt version 15.0, GE Healthcare, 

Waukesha, WI, USA) using a 12-channel phased-array coil (GE Healthcare Coils, Aurora, 
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OH, USA). The timing between the ASPIR pulse and the MSDE module was approximately 

130 ms to effectively null the fat signal. The flow-suppression gradients of the MSDE 

module were varied on the normal subject studies to achieve combined velocity encoding 

between 0.5 and 6.4 cm/s. With the results obtained from the normal subject studies, a 

combined velocity encoding of approximately 2 cm/s was selected for the patient studies. 

The timing between the +90° excitation pulse and the −90° tip-up pulse of the MSDE 

module was 21 ms. The typical scan parameters were: 2D axial acquisition, FOV = 320 × 

256 mm2, slice thickness = 5.0 mm, slice gap = 3.0 mm, number of slices = 20, TR = 1,300 

ms, TE1 = 60 ms, Nx = 192, Ny = 128, number of averages = 0.56 (partial Fourier 

acquisition along phase encoding) and scan time = 20 s (single breath-hold). From the fluid 

suppression simulations, a TE2 of 280 ms was used for all studies. The effective echo times 

of 60 and 280 ms included the MSDE time of 21 ms. The shorter TE and the longer TE 

images were reconstructed separately and then the longer TE image was subtracted from the 

shorter TE image to generate the final contrast-edited T2-weighted iSTIR image. T2-

weighted FSE images using conventional fat suppression and DW-EPI images are part of the 

standard clinical abdominal protocol and were also acquired on the patients for comparison. 

The acquisition parameters for fat-saturated T2-weighted images were: 2D axial, FOV = 320 

× 256 mm2, slice thickness = 7.0 mm, slice gap = 2.0 mm, number of slices = 20, TR = 

2,200 ms, TE = 90 ms, Nx = 320, Ny = 160, number of averages = 1 and scan time = 40 s (2 

breath-holds to cover the upper abdomen). The acquisition parameters for DW-EPI images 

were: 2D axial, FOV = 320 × 256 mm2, slice thickness = 5.0 mm, slice gap = 3.0 mm, 

number of slices = 20, TE = 60 ms, Nx = 80, Ny = 128, number of averages = 4. A b-value in 

the range of 500–850 s/mm2 was used. DW-EPI images were acquired with respiratory 

triggering (4–6 s interval) using a single-shot EPI readout with fat suppression in 

approximately 1:00 min scan time.

Results

Simulations

Simulations of signal intensity against varying T2 are shown in Fig. 2. For the range of 

values studied, the signal difference for all tissues increased with increasing TE2. As 

reported in literature, the normal tissues in the abdomen including liver, spleen, pancreas, 

kidneys etc. have T2 relaxation times of less than 120 ms at 1.5 T [24], while tumors have 

been shown to have moderately prolonged T2 but still typically less than 160 ms [25, 26]. 

Since our goal is to maximize the signal for these tissues while simultaneously minimizing 

the signal from the fluids with long T2 (>500 ms); we have chosen an intermediate TE2 of 

280 ms to give higher signal in tumor than in normal soft tissues but still suppress much 

longer T2 [27].

Volunteer studies

Representative images of a normal volunteer assessing the suppression of various 

confounding tissues are shown in Fig. 3. The shorter TE image (Fig. 3a) of the iSTIR 

sequence produced images with uniform fat suppression compared to the standard SSFSE 

image (Fig. 3d). The signal intensity in the majority of the blood vessels including small 

vessels in the liver was reduced by the iSTIR’s MSDE preparation with a velocity encoding 
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of approximately 2 cm/s. Velocity encoding of greater than 3 cm/s failed to suppress signal 

in the smaller vessels while velocity encoding of less than 1.5 cm/s induced signal loss due 

to bulk motion (data not shown). The longer TE image (Fig. 3b) shows signal from the long 

T2 tissues, mainly the fluid in cerebrospinal fluid (CSF) and the collecting system in the 

kidneys, which are suppressed on the final subtracted iSTIR image (Fig. 3c).

The percentage signal reduction on the subtracted iSTIR image (Eq. 2), averaged across all 

four normal subjects for various tissues is shown in Fig. 4. The signal intensities decreased 

more for tissues with longer T2. Specifically the fluid in CSF and the collecting system with 

long T2 tissues was reduced by greater than 70 % compared to the shorter TE image, while 

preserving the signal intensities of tissues with short T2.

Patient studies

Two patients had tumors that were clearly delineated on all images (e.g., Figs. 5, 6), while 

two other patients had multiple cysts (e.g., Fig. 7) and one patient who was scanned post-

treatment did not have clear appearance of the tumor on any image. SNR averaged across all 

five patients for various tissues is summarized in Table 1. Compared to the standard T2 

image, fat suppression was achieved successfully (lowest SNR) on fat-suppressed T2, 

shorter TE and the subtracted iSTIR images. Compared to the standard T2 and fat-

suppressed T2 images, blood vessels in the liver were attenuated on the shorter TE and the 

subtracted iSTIR images. Similarly, long T2 fluids such as bile and CSF were also reduced 

on the subtracted iSTIR image (but not on the shorter TE image) compared to the standard 

T2 and fat-suppressed T2 images.

Contrast ratio, defined as the ratio of signal intensities of two tissues, are reported in Table 2 

for tumor and cyst compared to their respective background tissue. Tumor to background 

tissue was comparable between standard T2, fat-suppressed T2, shorter TE and subtracted 

iSTIR images, but was lower compared to the diffusion-weighted image. However, cyst to 

background tissue signal was significantly lower for the subtracted iSTIR image compared 

to all images.

Figure 5 shows representative images of a patient with a large left renal mass with extensive 

extra-renal invasion. In addition to the fluid in the CSF and in the bowel, fluid also appears 

centrally within the tumor on the longer TE image, likely representing necrosis. On the 

subtracted iSTIR image (Fig. 5c), in addition to the suppression of fat and blood vessels, 

fluid is suppressed by 62 % in CSF and by 67 % in the bowel. The SNR of the kidneys and 

the tumor on the iSTIR image were 42 ± 2 and 49 ± 7 respectively, while the corresponding 

values on the DWI were 43 ± 2 and 49 ± 10 respectively. Thus, the relative contrast to noise 

ratio (CNR) between tumor and kidneys were similar between iSTIR and DWI in this case.

Figure 6 shows results from a different patient with a large central liver mass obstructing the 

central biliary ducts. The shorter TE image (Fig. 6a) clearly shows the tumor but also allows 

to assess the biliary ducts adjacent to the tumor (dashed arrow), which remain bright similar 

to the fat-suppressed T2-weighted image (Fig. 6c). In addition, the subtracted iSTIR image 

(Fig. 6b) eliminates the adjacent signal in the biliary ducts, and thus shows more discrete 

delineation of the tumor. Compared to the shorter TE image, the signal intensity of the 
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biliary ducts was reduced by 86 % while it was reduced by only 10 and 16 % for the liver 

and the tumor respectively on the subtracted iSTIR image. By suppressing various 

confounding and adjacent tissues, the iSTIR image depicts the tumor with similar qualitative 

appearance to the diffusion-weighted image (Fig. 6d), although with higher spatial 

resolution. However, it is worthwhile to notice that there are differences in the appearance of 

the tumor on these two images, particularly the decreased signal in the core of the tumor on 

the diffusion-weighted image. The SNR of the liver and the tumor on the iSTIR image were 

70 ± 2 and 102 ± 10 respectively, while the corresponding values on the DWI were 22 ± 3 

and 65 ± 10 respectively. Although DWI has a better CNR of 43 compared to iSTIR’s CNR 

of 32, iSTIR images were acquired in a single acquisition with better spatial resolution and 

limited distortion. However, when the iSTIR images were reconstructed to the same spatial 

resolution as DWI (Fig. 6e), the CNR improved to 45, which is equivalent to DWI’s CNR.

Figure 7 shows results from a different patient with pancreatic and renal cysts that are 

clearly visible on the shorter TE image (Fig. 7a) and the fat-suppressed T2-weighted image 

(Fig. 7c). The renal cysts are homogeneous and contain simple fluid and hence, are nearly 

suppressed on the subtracted iSTIR image with the signal intensity reduced by 88 % 

compared to the shorter TE image (Fig. 7b). However, the large pancreatic cyst next to the 

liver contains hemorrhagic debris in the dependent portion of the lesion. Hemorrhagic debris 

show restricted diffusion and appear bright on the iSTIR image with the signal intensity 

reduced by 67 % compared to the shorter TE image (arrow in Fig. 7b), and appears 

qualitatively similar to the diffusion-weighted image (Fig. 7d). In addition, signal from the 

bile in the gallbladder has been markedly reduced on the subtracted iSTIR image. In the 

diffusion-weighted image, however, T2 shine through still brightens the bile signal (dashed 

arrow in Fig. 7d).

Discussion

STIR and DW-EPI represent the most commonly used sequences for whole body metastases 

screening, however, these approaches have known limitations. Because STIR does not 

suppress the signal from confounding tissues, these images need to be “mentally” edited by 

the reader in order to visualize the lesions clearly. DW-EPI images are prone to distortion 

particularly with the large FOV that are commonly required for the body imaging 

applications. In this work, we have developed an improved STIR technique using a FSE 

approach to increase the conspicuity of neoplastic lesions by simultaneously suppressing 

confounding signals from fat, blood vessels, and fluid. This technique produces a shorter TE 

image with fat and blood suppression that resembles a fat-suppressed T2-weighted image 

(Figs. 6, 7), while also generating a final contrast-edited T2-weighted (iSTIR) image with 

image contrast that resembles a diffusion-weighted image (Figs. 6, 7).

The chemically selective fat inversion pulse used for the iSTIR sequence represents a 

tradeoff between the more spatially uniform fat suppression, but low SNR and CNR, 

achieved with chemically non-selective inversion pulses and the higher SNR but more 

incomplete fat suppression achieved with non-adiabatic fat excitation and dephasing. The 

sharply defined bandwidth and adiabatic inversion of the chemically selective inversion 

pulse provided uniform fat suppression over the field of view in all our studies.
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We used MSDE for blood suppression, which has been shown to produce black blood 

images with both 2D and 3D techniques. In the current implementation of MSDE, we used a 

pair of adiabatic refocusing pulses to render the sequence less sensitive to B1 

inhomogeneities [28], which is a common concern in body applications. However, the 

excitation (90°) and the tip-up (−90°) pulses of MSDE are still prone to B1 inhomogeneities. 

Alternative implementation will consider B1 insensitive pulses such as BIR-4 [29, 30]. For 

maximum blood suppression, we used flow-suppression gradients along all three logical 

axes simultaneously. While this induces maximum flow suppression in the shortest time, 

this only affects the vessels that are oriented in the combined direction of the gradients. 

However, this technique still produced sufficient blood suppression in the majority of the 

blood vessels (Fig. 3). Additionally, it should also be noted that the slow flowing vessels 

especially near the vessel wall in the veins do not get suppressed by MSDE, but are 

suppressed on the final subtracted iSTIR image due to the long T2 nature of the blood. 

Alternatively, double inversion recovery can also be used to achieve black blood, however, 

this sequence suffers from long scan times to avoid saturating long T1 tissues [31].

Although we have emphasized the similarity in appearance between diffusion-weighted 

images and iSTIR images, it is important to recognize that the mechanisms of T2 and 

diffusion weighting are not identical. The contrast on the high b value DWI images is due to 

the restricted diffusion of tumors arising from the increased cellularity, which is a primary 

feature of malignancy. On the other hand, the contrast on the iSTIR images is due to the 

increased T2 from the increased water content. Additionally in acute stroke, for example, 

diffusion changes precede detectable T2 changes [32]. Still, apparent diffusion coefficient 

(ADC) and T2 tend to be longer in tissues with higher water content and much of the 

contrast in diffusion-weighted imaging at low b values may come from the long TE spin 

echo images used for diffusion. Indeed some studies have shown better contrast with whole 

body screening on low b value (50 s/mm2) diffusion weighted images than on higher b value 

(500 s/mm2) images [33]. At low b values, the effect of diffusion on contrast is minimal and 

perhaps the improved contrast is primarily due to the suppression of various confounding 

tissues.

Dual echo subtraction achieved >70 % fluid suppression and introduced little detectable 

motion artifact. Since the dual echo acquisition was obtained in a single echo train, motion 

effects were minimized relative to multi-shot subtraction strategies. Suppression of fluid by 

T2 rather than T1 contrast, as in FLAIR imaging [34], offers the advantage of shorter TRs 

and greater relative separation of fluid from tissue. However, it should be noted that the 

subtraction decreases the SNR of the contrast-edited iSTIR image.

One of the limitations of the proposed technique is the possible reduction in signal intensity 

of lesions with exceptionally long T2 on the final subtracted iSTIR image. This is similar to 

FLAIR images, used in neuro-imaging. While FLAIR can reduce the visibility of very long 

T2 lesions in the brain, it is still widely used as it facilitates the easier interpretation of the 

lesions that could be visualized retrospectively on the T2-weighted images. Similarly, cysts 

with relatively low T2 may not be completely suppressed either. However, since our 

proposed technique also generates shorter TE image with fat and blood vessel suppression, 

these lesions are visible on both images, when combined together can provide complete 
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information. Future work will explore the optimal combination of the information from both 

images to present a final image that circumvents this particular limitation. Another limitation 

of the study is the evaluation of the technique in a small number of patients; however, the 

technique does demonstrate the feasibility. A study in larger patient population referred for 

metastatic screening is warranted to show the efficacy of this technique.

Although each of the contrast manipulations employed in this study have previously been 

reported on their own, the combination of flow, fat and fluid suppression in a fast, higher 

spatial resolution, undistorted image acquisition achieved an image quality and confounding 

tissue suppression that merit further evaluation in cancer screening and other body imaging 

applications without the use of exogenous contrast agents. As such, this technique using a 

single acquisition may become a viable option for abdominal cancer screening. Furthermore, 

the iSTIR acquisition also provides the shorter TE image that may provide important 

diagnostic information by itself; for example, efficient visualization of the biliary system by 

effectively suppressing fat and blood vessels.

Conclusion

We have developed an improved short tau inversion recovery (iSTIR) technique using a FSE 

approach to increase the conspicuity of lesions by simultaneously suppressing confounding 

signals from fat, blood vessels, and fluid. This technique produces a shorter TE image with 

fat and blood suppression that resembles a fat-suppressed T2-weighted image, while also 

generating a final contrastedited T2-weighted image with image contrast that resembles a 

diffusion-weighted image. This approach results in fast, higher spatial resolution and 

undistorted images with confounding tissue suppression and increased tumor conspicuity in 

a single acquisition that can be potentially used for abdominal cancer screening. Once 

identified, the lesions could be further investigated with a dedicated diffusion-weighted 

sequence in the targeted region.
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Fig. 1. 
a A schematic of the iSTIR pulse sequence showing the ASPIR pulse for fat suppression and 

the MSDE module (b) for blood suppression, followed by the 90° excitation pulse and the 

acquisition of two echoes using a single shot FSE readout. Subtraction of the later echo 

(longer TE image) from the earlier echo (shorter TE image) achieves fluid suppression. b 
MSDE module contains a non selective 90° excitation pulse, two adiabatic refocusing 

pulses, followed by a non selective −90° excitation pulse with flow-suppression gradients 

between the RF pulses
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Fig. 2. 
Simulations of signal (dashed grey line) and signal difference (solid color lines) acquired at 

two different echo times against varying T2. A TE2 of 280 ms achieves higher signal 

difference for tissues with T2 less than 160 ms, while also minimizing the signal from 

tissues with longer T2 greater than 500 ms
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Fig. 3. 
Shorter TE image (a), longer TE image (b), and the subtracted iSTIR image (c) of a normal 

volunteer. Compared to the standard SSFSE image (d), the iSTIR image shows uniform fat 

suppression, reduced signal intensity from the blood vessels (e.g., in the liver, arrow) and 

reduced fluid signal (e.g., in CSF, arrowhead and collecting system in the kidneys, dashed 

arrow)
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Fig. 4. 
The percentage reduction of signal intensities (Eq. 2) in various tissues averaged across all 

normal volunteers
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Fig. 5. 
Shorter TE image (a), longer TE image (b) and the subtracted iSTIR image (c) of a patient 

with a large left renal mass (arrow). Note the heterogeneity of the tumor with fluid 

accumulation centrally that is partially suppressed in the subtracted iSTIR image. The final 

diagnosis of the tumor is primary clear cell renal cell carcinoma, Fuhrman grade 4 with 

extensive sarcomatoid features
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Fig. 6. 
Shorter TE image (a) and the subtracted iSTIR image (b) of a patient with a large central 

liver mass (arrow), compared against fat-suppressed T2-weighted image (c) and a diffusion-

weighted image (b = 500 s/mm2) (d). Shorter TE image (a) resembles the fat suppressed T2-

weighted image (c), while the subtracted iSTIR image (b) qualitatively resembles the 

diffusion-weighted image (d). When reconstructed to the same spatial resolution as DWI, 

iSTIR image (e) provides equivalent contrast to noise ratio of DWI. The dashed arrow 

represents the biliary ducts that are visible on the shorter TE image (a) similar to the fat-

suppressed T2-weighted image (c). The final diagnosis of the tumor is aggressive poorly 

differentiated primary neuroendocrine cell carcinoma of the liver

Madhuranthakam et al. Page 17

MAGMA. Author manuscript; available in PMC 2015 June 29.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



Fig. 7. 
Shorter TE image (a) and subtracted iSTIR image (b) compared against fat-suppressed T2-

weighted image (c) and diffusion weighted image (b = 850 s/mm2) (d). The cysts in both 

kidneys (asterisk) are completely suppressed and the gallbladder (dashed arrow) is largely 

suppressed on the subtracted iSTIR image. Note the increased signal at the bottom of the 

large pancreatic cyst next to the liver (arrow) on the subtracted iSTIR image, which also 

appears bright on the diffusion-weighted image. The final diagnosis is pancreatic pseudocyst 

and common bile duct stricture with biliary dilatation

Madhuranthakam et al. Page 18

MAGMA. Author manuscript; available in PMC 2015 June 29.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript

Madhuranthakam et al. Page 19

Table 1

Signal to noise ratio averaged across all five patients, expressed as mean ± SD

Anatomy Standard T2 Fat-suppressed T2 Shorter TE iSTIR DW-EPI

Fat 99 ± 32 24 ± 10 10 ± 4.8 4.4 ± 4.3 8.8 ± 4.4

Blood vessels (in liver) 111 ± 44 110 ± 8.6 47 ± 42 18 ± 15 21 ± 7.8

Muscle 35 ± 11 28 ± 5.3 19 ± 8.4 14 ± 9 14 ± 1.1

Liver 46 ± 17 68 ± 19 37 ± 16 27 ± 14 48 ± 14

Intervertebral disc 66 ± 23 44 ± 17 17 ± 11 10 ± 8 48 ± 24

Kidney 76 ± 30 100 ± 16 56 ± 36 38 ± 30 59 ± 7.3

Spleen 81 ± 33 114 ± 33 56 ± 46 42 ± 41 151 ± 52

Bile 134 ± 56 216 ± 50 85 ± 58 16 ± 12 60 ± 18

CSF 154 ± 55 147 ± 51 58 ± 22 13 ± 11 30 ± 16

DW-EPI images are of lower resolution and hence the increased SNR is not a fundamental advantage
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Table 2

Contrast ratio, defined as the ratio of signal intensities of two tissues

Standard T2 Fat-suppressed T2 Shorter TE iSTIR DW-EPI

Tumor to background tissue
a 1.46 ± 0.53 1.43 ± 0.51 1.64 ± 0.34 1.56 ± 0.47 2.62 ± 1.42

Cyst to background tissue
b 2.41 ± 0.13 2.30 ± 0.93 1.98 ± 0.89 0.22 ± 0.07 0.83 ± 0.19

a
Average of two patients, who had tumors

b
Average of two different patients, who had multiple cysts
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