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Reduced Field-of-View Diffusion-Weighted Magnetic 
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Conventional Single-Shot Echo-Planar Imaging
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Objective: To investigate the image quality (IQ) and apparent diffusion coefficient (ADC) of reduced field-of-view (FOV) di-
ffusion-weighted imaging (DWI) of pancreas in comparison with full FOV DWI.
Materials and Methods: In this retrospective study, 2 readers independently performed qualitative analysis of full FOV DWI 
(FOV, 38 x 38 cm; b-value, 0 and 500 s/mm2) and reduced FOV DWI (FOV, 28 x 8.5 cm; b-value, 0 and 400 s/mm2). Both 
procedures were conducted with a two-dimensional spatially selective radiofrequency excitation pulse, in 102 patients with 
benign or malignant pancreatic diseases (mean size, 27.5 ± 14.4 mm). The study parameters included 1) anatomic structure 
visualization, 2) lesion conspicuity, 3) artifacts, 4) IQ score, and 5) subjective clinical utility for confirming or excluding 
initially considered differential diagnosis on conventional imaging. Another reader performed quantitative ADC measurements 
of focal pancreatic lesions and parenchyma. Wilcoxon signed-rank test was used to compare qualitative scores and ADCs 
between DWI sequences. Mann Whitney U-test was used to compare ADCs between the lesions and parenchyma.
Results: On qualitative analysis, reduced FOV DWI showed better anatomic structure visualization (2.76 ± 0.79 at b = 0 s/
mm2 and 2.81 ± 0.64 at b = 400 s/mm2), lesion conspicuity (3.11 ± 0.99 at b = 0 s/mm2 and 3.15 ± 0.79 at b = 400 s/mm2), 
IQ score (8.51 ± 2.05 at b = 0 s/mm2 and 8.79 ± 1.60 at b = 400 s/mm2), and higher clinical utility (3.41 ± 0.64), as compared 
to full FOV DWI (anatomic structure, 2.18 ± 0.59 at b = 0 s/mm2 and 2.56 ± 0.47 at b = 500 s/mm2; lesion conspicuity, 2.55 ± 
1.07 at b = 0 s/mm2 and 2.89 ± 0.86 at b = 500 s/mm2; IQ score, 7.13 ± 1.83 at b = 0 s/mm2 and 8.17 ± 1.31 at b = 500 s/
mm2; clinical utility, 3.14 ± 0.70) (p < 0.05). Artifacts were significantly improved on reduced FOV DWI (2.65 ± 0.68) at b = 
0 s/mm2 (full FOV DWI, 2.41 ± 0.63) (p < 0.001). On quantitative analysis, there were no significant differences between the 
2 DWI sequences in ADCs of various pancreatic lesions and parenchyma (p > 0.05). ADCs of adenocarcinomas (1.061 x 10-3 
mm2/s ± 0.133 at reduced FOV and 1.079 x 10-3 mm2/s ± 0.135 at full FOV) and neuroendocrine tumors (0.983 x 10-3 mm2/s 
± 0.152 at reduced FOV and 1.004 x 10-3 mm2/s ± 0.153 at full FOV) were significantly lower than those of parenchyma 
(1.191 x 10-3 mm2/s ± 0.125 at reduced FOV and 1.218 x 10-3 mm2/s ± 0.103 at full FOV) (p < 0.05).
Conclusion: Reduced FOV DWI of the pancreas provides better overall IQ including better anatomic detail, lesion conspicuity 
and subjective clinical utility.
Index terms: Reduced field-of-view; Image quality; Apparent diffusion coefficient; Diffusion-weighted imaging; Magnetic 
resonance imaging; Pancreas 
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INTRODUCTION

Diffusion-weighted imaging (DWI) is based on the 
principles of the Brownian motion of water molecules, i.e., 
random microscopic motion. This random motion, which 
results in the diffusion of water molecules, decreases the 
magnetic resonance (MR) signal when diffusion-sensitizing 
gradients are applied, and is the basis of the image 
contrast observed on DWI (1). DWI is successfully applied 
to many organs; and recently, the application of DWI to 
the pancreas has been investigated in several studies on 
pancreatic neoplasms and inflammatory diseases (2-6). 
In addition, the apparent diffusion coefficient (ADC) from 
DWI, reflects the diffusivity of lesions. Previous studies 
indicated that the ADC values of pancreatic adenocarcinoma 
tend to be lower than those of normal pancreas (2-6), 
and, therefore, ADC could be useful for differentiating 
pancreatic malignancies from normal pancreatic tissue, 
although not for differentiating malignancies from other 
benign or inflammatory lesions (7, 8). In addition, DWI 
could provide comparable performance to conventional 
MRI for the detection of neuroendocrine tumors and is 
particularly superior in detecting small (0.5–1 cm) and non-
hypervascular lesions (9). Inflammatory diseases such as 
acute pancreatitis are also assessed with DWI. Shinya et al. 
(10) reported that DWI could detect acute pancreatitis more 
clearly than CT without contrast enhancement. However, 
despite these various applications, the clear shortcomings 
of pancreas DWI include poor spatial resolution, ghosting, 
and susceptibility artifacts due to adjacent organs (11, 12).

Recently, DWI with reduced field-of-view (FOV) in the 
phase-encoding direction has been developed (13, 14). 
This new DWI sequence was initially applied to spinal cord 
imaging (13, 14), as this organ is relatively small and prone 
to distortions. However, this novel sequence allows focus on 

a single organ of interest instead of unnecessary imaging of 
whole upper abdominal spaces. Thus, the pancreas is also 
an attractive organ for this method. A few previous studies 
of reduced FOV DWI on pancreas showed that this new 
sequence leads to substantial improvement in image quality 
(IQ) with reduction of artifacts (15, 16). However, these 
studies included a small subset of patients and pancreatic 
pathologies were not specifically assessed (15, 16).

Thus, the purpose of our study was to perform qualitative 
comparisons of IQ and quantitative comparisons of ADC 
between reduced FOV and full FOV pancreas DWI sequences 
to evaluate the performance of reduced FOV DWI in 
patients with various pancreatic diseases. We also assessed 
whether reduced FOV DWI had clinical utility for differential 
diagnosis.

MATERIALS AND METHODS

This retrospective study was approved by the Institutional 
Review Board of Seoul National University Hospital with 
waiver of patients’ informed consent.

Patients
Our radiology database was retrospectively searched 

between October 2011 and December 2012 to identify 
patients who were referred to our department for MRI 
examinations of the upper abdomen for biliary-pancreas 
evaluation. Patients were examined with the use of our 
biliary-pancreas MRI protocol including conventional full 
FOV DWI and reduced FOV DWI at 3T (Magnetom Verio, 
Siemens Medical Solutions, Erlangen, Germany) using a 
32-channel phased-array coil. The study population was 
determined based on the following criteria: 1) patients 
with pancreatic diseases that were histopathologically 
confirmed after MRI; 2) pancreatic lesions larger than 1 cm; 

Table 1. Final Diagnoses of 102 Pancreatic Lesions

Diagnosis
No. of 

Patients
Lesion Location

Size (mm)*
Uncinate Process Head Body Tail

Adenocarcinoma 44 (43.1) 5 (11.4) 19 (43.2) 10 (22.7) 10 (22.7) 27.6 ± 11.5
Noninvasive IPMN 16 (15.7) 2 (12.5) 6 (37.5) 5 (31.3) 3 (18.8) 25.1 ± 7.3
IPMC 5 (4.9) 2 (40)  1 (20) 1 (20) 1 (20) 31.2 ± 22.2
Neuroendocrine tumor 18 (17.6) 1 (5.6) 7 (38.9) 2 (11.1) 8 (44.4) 21.7 ± 13.7
Serous cystic tumor 8 (7.8) 0 (0)  2 (25) 3 (37.5) 3 (37.5) 39.4 ± 26.6
Mucinous cystic tumor 3 (2.9) 0 (0) 0 (0) 0 (0) 3 (100) 42.2 ± 21.4
Others† 8 (7.8) 0 (0) 3 (37.5) 1 (12.5) 4 (50) 24.7 ± 10.5

Data are number of patients unless otherwise specified. Data in parentheses are percentages. *Data are mean ± standard deviation, 
†Benign epithelial cysts (n = 3), metastases (n = 2), schwannoma (n = 1), solid pseudopapillary tumor (n = 1), and desmoid tumor (n = 1) 
were included. IPMC = intraductal papillary mucinous carcinoma, IPMN = intraductal papillary mucinous neoplasm
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3) no prior oncologic treatment such as chemotherapy or 
radiotherapy.

On the basis of the selection criteria, 102 patients (55 
men and 47 women; mean age, 60.34 ± 11.73 years) were 
enrolled. Of these, 74 patients underwent surgery with 
the Whipple procedure or distal pancreatectomy, and 28 
patients underwent only diagnostic biopsy. Detailed final 
diagnoses were presented in Table 1. The mean size of the 
enrolled pancreatic lesions was 27.5 ± 14.4 mm.

MR Examinations
Unenhanced T2- and T1-weighted images were obtained 

with the Half Fourier Single-shot Turbo Spin Echo sequence 
(HASTE) and the dual echo in- and opposed-phase Fast Low 
Angle Shot (FLASH) sequence techniques, respectively. MR 
cholangiography using 3 MR methods followed: 1) breath-
hold single-section rapid acquisition with Turbo Spin 
Echo (TSE), 2) breath hold multi-section HASTE, and 3) 
respiratory-triggered multisection three-dimensional (3D) 
TSE (17).

Dynamic images were obtained with a fat-suppressed 3D 

FLASH sequence; volume interpolation with breath-hold 
examinations (VIBE, Siemens Medical Solutions, Erlangen, 
Germany) before and after administration of gadobutrol 
(Gadovist; Bayer Schering Pharma AG, Berlin, Germany 
0.1 mmol/kg of body weight at an injection rate of 1 mL/
sec and injection duration of approximately 5 seconds). 
Acquisition of 3D VIBE for each phase was completed 
during a single breath-hold at the end of expiration (18–20 
seconds). Precontrast images were obtained first, and 
arterial, portal venous, and equilibrium phase images were 
obtained at approximately 20–40 seconds, 45–65 seconds, 
and 3–5 minutes, respectively, after injection of the 
contrast agent.

DWI Acquisition
Two-dimensional (2D), fat-suppressed, respiratory-

triggered, echo-planar DWI sequences were acquired in 
the axial plane before contrast injection. For full FOV DWI, 
generalized autocalibrating partially parallel acquisitions 
(Siemens Medical Solutions, Erlangen, Germany) with an 
acceleration factor of 3 was used. Three perpendicular 

Fig. 1. 58-year-old woman with 1.5 cm sized neuroendocrine tumor (arrow) in pancreas uncinate process.
A. Mass shows rim enhancement on enhanced T1-weighted image. B. Full field-of-view (FOV) diffusion-weighted imaging (DWI) sequence at b 
= 0 s/mm2. Lesion shows ill-defined hyperintensity. C. Full FOV DWI at b = 500 s/mm2. Note that margin of lesion is severely blurred and barely 
delineable from background. D. Corresponding apparent diffusion coefficient (ADC) map of full FOV DWI. E. Reduced FOV DWI at b = 0 s/mm2. F. 
Reduced FOV DWI at b = 400 s/mm2. Lesion is more clearly visualized on reduced FOV image. G. Corresponding ADC map of reduced FOV DWI.
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spatial directions were encoded with multiple b-values (0, 
25, 50, 75, 100, 150, 200, 500, 800, 1000 s/mm2 or 0, 25, 
50, 75, 100, 150, 200, 500, 1500 s/mm2). The selection of 
the number of b-values in our hospital was based on the 
previous studies (18, 19). A prototype sequence delivered 
by the manufacturer (Siemens Medical Solutions, Erlangen, 
Germany) was used for reduced FOV DWI that was performed 
with a 2D spatially selective radiofrequency (RF) excitation 
pulse to reduce the FOV in the phase-encoding direction 
(Fig. 1). The 2D RF pulse is based on a bipolar planar 
k-space trajectory, with an analytical pulse shape design 
approach similar that reported by Alley et al. (20). This 
pulse provides independent control of slice thickness and 
field of excitation in the phase-encoding direction and the 
prototype sequence allows FOV in phase-encoding direction 
down to 12.5%. The duration of the 2D RF excitation 
pulse for the reduced FOV protocol was 13.2 ms, while 
the corresponding one-dimensional RF excitation pulse of 
the full FOV protocol had a duration of 4.6 ms. Images of 
reduced FOV DWI were acquired with b-values of 0, 400, 
and 800 s/mm2. Post-processing software automatically 
produced ADC maps. In addition, the reduced FOV protocol 
had a slightly higher specific absorption rate of 0.64 W/kg 
than full FOV DWI (0.56 W/kg). Detailed imaging parameters 
were listed in Table 2.

Image Analysis

Qualitative Analysis
Independent, qualitative image analysis was performed 

by 2 board-certified abdominal radiologists (with 22 
and 7 years of experience in interpreting MR images, 
respectively). The reviewers were blinded to the patients’ 

information including the pathology and lesion location. 
All image analyses were performed using picture archiving 
and communication system software (Maroview 5.4; 
Infinitt, Seoul, Korea) on a commercial workstation 
(xw6200; Hewlett-Packard, Palo Alto, CA, USA), with 2, 
2048 x 1536-pixel, 20.8-inch monochrome liquid crystal 
display monitors (ME315L; Totoku Electric, Tokyo, Japan). 
Both DWI sequences were analyzed using a 4-point scale 
(1-4) for 1) anatomic structure visualization (1, poorly 
visualized anatomy and non-diagnostic; 2, fairly delineated 
pancreas with margin blurring; 3, good delineation of 
pancreas with a sharp margin; 4, excellent sharpness of 
the pancreas or clear visualization of the pancreatic duct), 
2) pancreatic lesion conspicuity (1, lesion not detectable; 
2, merely recognizable lesion-to-background contrast; 3, 
intermediate lesion-to-background contrast or high contrast 
with indistinct lesion margin; 4, excellent lesion-to-
background contrast and a clear lesion margin), 3) presence 
of ghosting, motion or susceptibility artifacts (1, severe 
and non-diagnostic; 2, moderate; 3, mild; 4, absent), and 4) 
total IQ score as a sum of the aforementioned 3 parameters 
(21). Readers first evaluated only the full FOV DWI images 
and subsequently, the reduced FOV DWI using the same 
criteria. For each DWI, b = 0 s/mm2 images were analyzed 
first, followed by high b-value images (b = 400 s/mm2 for 
reduced FOV and b = 500 s/mm2 for full FOV DWI). Thus, 
reviewers subjectively assigned a qualitative image analysis 
score for each DWI for each b-value (b = 0 s/mm2 or b = 400 
s/mm2 for reduced FOV and b = 500 s/mm2 for full FOV DWI).

After assessing the IQ, readers reviewed anatomic imaging 
including unenhanced T1-, T2-weighted images, as well as 
dynamic imaging. The readers were then asked to evaluate 
the subjective clinical utility of DWI for characterizing 

Table 2. MR Imaging Parameters
Reduced FOV Full FOV

TR/TE (ms) 3200/70 5000/70
FOV (cm)  28 x 8.5 38 x 38
Matrix size 192 x 35 136 x 136
In-plane resolution (mm) 1.5 x 2.4 2.8 x 2.8
Section thickness (mm) 5 8
Slice number 15 22
Intersection gap (%) 10 0
Flip angle (degree) 90 90
NEX 6 3

B-value (s/mm2) 0, 400, 800
0, 25, 50, 75, 100, 150, 200, 500, 800, 1000 or 

0, 25, 50, 75, 100, 150, 200, 500, 1500
Acquisition time 2 min 18 sec 6 min 30 sec or 7 min 15 sec

FOV = field-of-view, NEX = number of excitations, TE = echo time, TR = repetition time
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detected lesions as benign or malignant (they were not 
asked to specifically diagnose each focal pancreatic lesion). 
For lesion characterization, images with b-values of 0, 400, 
or 500 and other high-b-values (b = 800 s/mm2 for reduced 
FOV and b = 800–1500 s/mm2 for full FOV DWI) were 
analyzed for lesion morphology, signal intensity, degree 
of signal intensity decrease with increasing b-values, and 
qualitative assessment of ADC maps. Furthermore, a lesion 
was considered benign (mostly cystic lesions) if it was 
hyperintense on DWI at b = 0 sec/mm2, with a strong signal 
intensity decrease at high b-value and an ADC that was 
subjectively higher than that of the surrounding pancreas 
parenchyma (2, 22). A lesion was considered malignant 
(mostly adenocarcinoma and neuroendocrine tumor) if it 
was mildly to moderately hyperintense on DWI at b = 0 sec/
mm2 and remained hyperintense, as compared with pancreas 
parenchyma at high b-value, with an ADC qualitatively 
lower than that of the surrounding parenchyma (3-6, 9). A 
lesion was considered indeterminate if the above criteria 
were not met (e.g., if there was a partial signal intensity 
decrease or isointense ADC). Thereafter, subjective clinical 
utility of DWI for confirmation or exclusion of initially 
considered differential diagnosis on conventional imaging 
was scored with a 4 point scale (23): 1, DWI was not useful 
for the differential diagnosis of pancreatic lesions as the 

lesion characterization on DWI was indeterminate or the 
lesion was invisible; 2, lesion characterization on DWI 
was consistent with the confirmed diagnostic impression 
on conventional imaging; 3, DWI helped to confirm the 
suspected diagnosis on conventional imaging; 4, DWI 
helped to characterize the lesion as benign or malignant 
when the conventional imaging findings were indeterminate 
for characterization (23).

Quantitative Analysis
Quantitative measurements of the ADC values of pancreas 

lesions and pancreatic parenchyma were independently 
performed by a single different radiologist with 4 years 
of experience in radiology under supervision of the 
corresponding author. Enhanced T1-weighted images were 
available for better detection of lesions, if required. The 
ADC values of the pancreas lesion and pancreas parenchyma 
were obtained by manually placing a circular region of 
interest (ROI) on the ADC maps acquired from both the 
reduced and full FOV DWI sequences. ROIs were placed 
at near-identical locations on both sequences with care 
to avoid vessels, cysts, bile ducts, and pancreatic ducts. 
Effort was made to have 3 ROIs in the lesions, as well as 
in the pancreas parenchyma. The mean size of the ROIs 
was 61.5 ± 30.6 mm2 (range, 23.0–168.0 mm2) for reduced 

Fig. 2. 38-year-old man with neuroendocrine tumor (not shown) in pancreas tail. 
Images are cropped to focus on pancreas. A. Full field-of-view (FOV) diffusion-weighted imaging (DWI) sequence at b = 0 s/mm2. Margin of 
pancreas is blurred and duct is not visible. Normal lobulated appearance of pancreas is hardly recognizable. B. Full FOV DWI at b = 500 s/mm2. C. 
Corresponding apparent diffusion coefficient (ADC) map of full FOV DWI. D. Reduced FOV DWI at b = 0 s/mm2. Note that lobulated appearance of 
pancreas border and pancreatic duct are more clearly visualized on reduced FOV image. E. Reduced FOV DWI at b = 400 s/mm2. F. Corresponding 
ADC map of reduced FOV DWI.

A B C

D E F
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FOV and 69.5 ± 28.9 mm2 (range, 23.0–101.5 mm2) for full 
FOV images. For ADC measurement of pancreatic lesions, 
only lesions > 2 cm were measured in order to avoid 
sampling error. Images with low signal-to-noise ratio 
(SNR) and/or artifacts were excluded from measurement 
and patients with several miscellaneous diseases such as 
benign epithelial cysts, metastases, schwannomas, solid 
pseudopapillary tumors, and desmoid tumors were also 
excluded. Therefore, quantitative analysis of pancreatic 
lesions was performed in 26 patients with adenocarcinoma, 
7 patients with noninvasive intraductal papillary mucinous 
neoplasm (IPMN), 3 patients with intraductal papillary 
mucinous carcinoma (IPMC), 7 patients with neuroendocrine 
tumor, 6 patients with serous cystic tumor, and 3 patients 
with mucinous cystic tumor. In terms of the analysis of 
pancreatic parenchyma, we strictly confined measurement 
to the normal parenchyma based on the following criteria: 
1) no evidence of ductal obstruction in the head or body; 
2) no parenchymal atrophy disrupting ROI placement; 3) 
no significant imaging artifacts and/or abnormally low 
SNR. Consequently, quantitative analysis of pancreatic 
parenchyma was performed in 27 patients.

Statistical Analysis
The Wilcoxon signed-rank test was used to compare 

the qualitative image analysis scores between reduced 
FOV and full FOV DWI sequences. Comparisons were made 
using the average scores between the 2 readers. Inter-
reader agreement for qualitative evaluation was assessed 
using weighted κ statistics. Inter-reader agreement 
was considered as slight for κ = 0.00–0.20, fair for κ = 
0.21–0.40, moderate for κ = 0.41–0.60, substantial for κ 
= 0.61–0.80, and almost perfect for κ = 0.81–1.00 (24). 
ADC values of various diseases and pancreas parenchyma 
were also compared between the 2 DWI sequences using 
the Wilcoxon signed-rank test. The Mann Whitney U-test 
was performed for comparisons of the ADCs between lesions 
and parenchyma, and the Kruskal-Wallis test was used for 
comparisons of ADCs among solid tumors and cystic lesions.

All statistical analyses were performed using 2 
commercial software programs (MedCalc version 12.3.0, 
MedCalc Software, Mariakerke, Belgium; and SPSS 19.0, IBM 
SPSS Statistics, Armonk, NY, USA). A p value < 0.05 was 
considered as statistical significance.

RESULTS

Qualitative Image Quality Analysis
Reduced FOV DWI showed significantly better scores in 

anatomic structural visualization (2.76 ± 0.79 at b = 0 s/

Table 3. Qualitative Image Analysis Scores Compared between Reduced FOV and Full FOV Diffusion-Weighted Imaging Sequences

Anatomic 
Structures

Lesion 
Conspicuity

Artifacts
Total Image 
Quality Score

Subjective 
Clinical Utility†

Reduced FOV (b = 0 s/mm2)
Reader 1 2.95 ± 0.83 3.19 ± 0.99 2.79 ± 0.78 8.93 ± 2.20 3.40 ± 0.68
Reader 2 2.57 ± 0.91 2.99 ± 1.14 2.50 ± 0.71 8.06 ± 2.16 3.44 ± 0.75
Average 2.76 ± 0.79 3.11 ± 0.99 2.65 ± 0.68 8.51 ± 2.05 3.41 ± 0.64

Full FOV (b = 0 s/mm2)
Reader 1 2.20 ± 0.63 2.55 ± 1.10 2.41 ± 0.74 7.16 ± 2.03 2.87 ± 0.86
Reader 2 2.16 ± 0.69 2.55 ± 1.21 2.40 ± 0.69 7.11 ± 1.87 3.40 ± 0.77
Average 2.18 ± 0.59 2.55 ± 1.07 2.41 ± 0.63 7.13 ± 1.83 3.14 ± 0.70

P value* < 0.001 < 0.001 < 0.001 < 0.001 < 0.001
Reduced FOV (b = 400 s/mm2)

N/A

Reader 1 2.89 ± 0.69 3.09 ± 0.95 2.95 ± 0.65 8.93 ± 1.74
Reader 2 2.74 ± 0.69 3.21 ± 0.89 2.71 ± 0.67 8.65 ± 1.78
Average 2.81 ± 0.64 3.15 ± 0.79 2.83 ± 0.57 8.79 ± 1.60

Full FOV (b = 500 s/mm2)
Reader 1 2.47 ± 0.50 2.70 ± 0.90 2.62 ± 0.56 7.78 ± 1.45
Reader 2 2.65 ± 0.62 3.09 ± 1.00 2.82 ± 0.53 8.56 ± 1.47
Average 2.56 ± 0.47 2.89 ± 0.86 2.72 ± 0.45 8.17 ± 1.31

P value* < 0.001 0.002 0.061 < 0.001

Data are mean ± standard deviation. *Wilcoxon signed-rank test was performed between reduced FOV and full FOV sequences using 
averaged image quality scores of two readers, †Scoring of subjective clinical utility was performed once for each DWI sequence. DWI = 
diffusion-weighted imaging, FOV = field-of-view, N/A = not available
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mm2 and 2.81 ± 0.64 at b = 400 s/mm2) (Fig. 2), lesion 
conspicuity (3.11 ± 0.99 at b = 0 s/mm2 and 3.15 ± 0.79 at 
b = 400 s/mm2) and total IQ score (8.51 ± 2.05 at b = 0 s/
mm2 and 8.79 ± 1.60 at b = 400 s/mm2), as compared to 
full FOV DWI (anatomic structure, 2.18 ± 0.59 at b = 0 s/
mm2 and 2.56 ± 0.47 at b = 500 s/mm2; lesion conspicuity, 
2.55 ± 1.07 at b = 0 s/mm2 and 2.89 ± 0.86 at b = 500 s/
mm2; IQ score, 7.13 ± 1.83 at b = 0 s/mm2 and 8.17 ± 1.31 
at b = 500 s/mm2) (all p < 0.05). In addition, the subjective 
clinical utility of reduced FOV DWI (3.41 ± 0.64) was also 
higher than that of full FOV DWI (3.14 ± 0.70) (p < 0.001). 
MR artifacts were significantly improved on reduced FOV 
DWI (2.65 ± 0.68) at b = 0 s/mm2 (full FOV DWI, 2.41 ± 0.63) 
(p < 0.001), however, no significant difference was noted 
between reduced FOV (2.83 ± 0.57) and full FOV DWI (2.72 
± 0.45) at b = 400 or 500 s/mm2 (p = 0.061). Detailed data 
were shown in Table 3.

Overall agreement between the 2 reviewers was fair to 
substantial (Table 4), and weighted κ between the reviewers 
ranged from 0.355 to 0.660 for reduced FOV DWI and from 
0.251 to 0.618 for full FOV DWI, respectively.

Quantitative ADC Measurements of Pancreas Lesions and 
Parenchyma

There were no significant differences between reduced 
FOV and full FOV DWI in the ADC values of various 
pancreatic lesions and pancreatic parenchyma (all p > 0.05) 
(Table 5). ADC values of pancreatic adenocarcinomas (1.061 
x 10-3 mm2/s ± 0.133 at reduced FOV and 1.079 x 10-3 mm2/
s ± 0.135 at full FOV) and neuroendocrine tumors (0.983 x 
10-3 mm2/s ± 0.152 at reduced FOV and 1.004 x 10-3 mm2/
s ± 0.153 at full FOV) were significantly lower than those 
of pancreas parenchyma (1.191 x 10-3 mm2/s ± 0.125 at 
reduced FOV and 1.218 x 10-3 mm2/s ± 0.103 at full FOV) 
(reduced FOV, p < 0.001 and p = 0.001, respectively; full 
FOV, p < 0.001 and p = 0.003, respectively). However, ADC 
values measured at the solid portion of IPMCs (1.160 x 10-3 
mm2/s ± 0.046 at reduced FOV and 1.208 x 10-3 mm2/s ± 
0.088 at full FOV) were not significantly different from the 
parenchyma (reduced FOV, p = 0.695; full FOV, p = 0.897). In 
addition, ADC values of cystic lesions such as noninvasive 
IPMNs (2.620 x 10-3 mm2/s ± 0.252 at reduced FOV and 2.679 
x 10-3 mm2/s ± 0.337 at full FOV), serous cystic tumors 

Table 4. Weighted κ Statistics for Inter-Reader Agreement of Qualitative Image Quality Scores
Reduced FOV Full FOV

b = 0 s/mm2 b = 400 s/mm2 b = 0 s/mm2 b = 500 s/mm2

Anatomic structures
0.473

(0.352, 0.594)
0.613

(0.493, 0.732)
0.561

(0.418, 0.703)
0.365

(0.219, 0.512)

Lesion conspicuity
0.660

(0.554, 0.767)
0.355

(0.227, 0.483)
0.618

(0.511, 0.726)
0.461

(0.346, 0.576)

Artifacts
0.496

(0.376, 0.616)
0.388

(0.241, 0.534)
0.431

(0.284, 0.578)
0.251

(0.096, 0.405)

Total image quality score
0.543

(0.443, 0.644)
0.490

(0.386, 0.593)
0.564

(0.474, 0.654)
0.382

(0.278, 0.485)

Subjective clinical utility
0.470

(0.312, 0.627)
0.305

(0.165, 0.445)

Data in parentheses are 95% confidence intervals. FOV = field-of-view

Table 5. Apparent Diffusion Coefficient Measurements and Comparisons between Reduced Field-of-View (FOV) and Full FOV 
Diffusion-Weighted Imaging Sequences

Reduced FOV
(x 10-3 mm2/s)

Full FOV
(x 10-3 mm2/s)

P*

Adenocarcinoma (n = 26) 1.061 ± 0.133 1.079 ± 0.135 0.438
Noninvasive IPMN (n = 7) 2.620 ± 0.252 2.679 ± 0.337 0.176
IPMC (n = 3) 1.160 ± 0.046 1.208 ± 0.088 0.285
Neuroendocrine tumor (n = 7) 0.983 ± 0.152 1.004 ± 0.153 0.499
Serous cystic tumor (n = 6) 2.607 ± 0.277 2.582 ± 0.289 0.463
Mucinous cystic tumor (n = 3) 2.709 ± 0.455 2.736 ± 0.346 0.593
Pancreas parenchyma (n = 27) 1.191 ± 0.125 1.218 ± 0.103 0.070

Data are mean ± standard deviation. *Wilcoxon signed-rank test was performed. IPMC = intraductal papillary mucinous carcinoma, IPMN = 
intraductal papillary mucinous neoplasm
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(2.607 x 10-3 mm2/s ± 0.277 at reduced FOV and 2.582 
x 10-3 mm2/s ± 0.289 at full FOV), and mucinous cystic 
tumors (2.709 x 10-3 mm2/s ± 0.455 at reduced FOV and 
2.736 x 10-3 mm2/s ± 0.346 at full FOV) were significantly 
higher than those of parenchyma on both DWI sequences 
(all p < 0.001). When ADC values were compared among 
solid tumors of adenocarcinoma, IPMC and neuroendocrine 
tumor, there were no significant differences on both DWI 
sequences (reduced FOV, p = 0.075; full FOV, p = 0.115). 
Likewise, among cystic lesions of the pancreas, there were 
no significant differences on both DWI sequences (reduced 
FOV, p = 0.664; full FOV, p = 0.734). Detailed data regarding 
ADC values were provided in Table 5.

DISCUSSION

In this study, we comparatively analyzed the IQ of 
reduced FOV DWI vs. conventional full FOV DWI, in order 
to evaluate the focal pancreatic lesions and parenchyma. 
The results indicated that reduced FOV DWI shows better 
anatomic structural visualization, lesion conspicuity, total 
IQ as well as subjective clinical utility. In addition, image 
artifacts were decreased on reduced FOV at both b-values, 
although a statistical difference between the sequences 
was seen only at b = 0 s/mm2. We also demonstrated that 
the ADC values of pancreatic lesions and parenchyma on 
reduced FOV DWI were generally equivalent to those on 
full FOV DWI. Our study results were in agreement with 
the previous studies (15, 16). Although previous studies 
demonstrated that reduced FOV DWI of the pancreas could 
produce superior subjective IQ, and generally similar ADC 
values (15, 16), as compared to full FOV DWI, they were 
limited by a small number of patients (n = 10) with focal 
pancreatic lesions (15) or absence of any focal pancreatic 
lesions. On the other hand, our study included a much 
larger study population (n = 102) involving various 
pancreatic diseases including both benign and malignant 
conditions. We also confirmed the usefulness of reduced 
FOV DWI as an added utility to conventional MR imaging for 
the differential diagnosis of pancreatic lesions. Reduced FOV 
DWI has previously been applied to other organs including 
the optic nerve, breast, spinal cord, and prostate gland (13, 
14, 25-28); in addition, better IQ (14, 26), added clinical 
value (23) and more accurate detection of small focal 
lesions (25, 26) with reduced FOV DWI has been reported. 
Our study results were consistent with the previous research 
results; furthermore, we found that reduced FOV DWI would 

also be beneficial for the pancreas.
In the present study, qualitative analysis indicated that 

the visualization of anatomic detail is a notable strength 
of reduced FOV DWI. Both readers assigned scores of ‘4’ 
(excellent sharpness of the pancreas or clear visualization 
of the pancreatic duct) to 13 cases on b = 0 s/mm2 and 
to 7 cases on b = 400 s/mm2. However, none of the 
cases received a score of ‘4’ on full FOV DWI for anatomic 
structural visualization on both b-values. The in-plane 
resolution of reduced FOV image was approximately 2.2-
fold higher than that of full FOV DWI, which probably 
contributed to the better visualization of anatomic 
structures. Reduced FOV DWI earned significantly higher 
scores for lesion conspicuity than full FOV DWI. Since DWI 
may work as an especially useful modality for detecting 
iso-intense or iso-attenuating pancreas adenocarcinomas 
(29, 30), a small but important subset, improved lesion 
conspicuity on reduced FOV DWI has clinical significance. 
In addition, the advantages of reduced FOV DWI for lesion 
detection would likely be more substantial for smaller 
lesions. Our study only included lesions > 1 cm, hence, 
further research with smaller lesions is required.

Reduced FOV DWI earned higher mean scores for imaging 
artifacts than full FOV DWI, although the difference between 
2 sequences was not significant at the higher b-values (b 
= 400 or 500 s/mm2). Reduced imaging distortions could 
be achieved by decreased number of acquisition steps and 
reduction in the echo-planar imaging (EPI) echo train 
without increase in scan time on reduced FOV DWI with 
spatially selective RF pulse (16, 31). In addition, with 2 
independent transmit channels, the RF pulses could be 
optimized for a more homogeneous flip angle distribution 
through incorporation of B1 field information into the 
RF pulse calculation (16). Excluding air-tissue interfaces 
from the shim volume would also reduce susceptibility-
induced artifacts (26). Furthermore, reduction of the 
required number of k-space lines in the phase-encoding 
direction would enable higher resolution imaging for a fıxed 
scan time (13). As pancreas imaging is often disturbed by 
adjacent air in the stomach and the motion of abdominal 
organs and aorta during scanning, reduced FOV DWI 
potentially has strong advantages over conventional single 
shot EPI. Our study results suggested that the pancreas is a 
very suitable organ for the application of the reduced FOV 
DWI, since it lies horizontally to the x axis of the transverse 
body plane. Thus, a reduced FOV DWI could be included in 
the pancreas protocol MRI.
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Quantitative analysis indicated no significant differences 
between the 2 DWI sequences in the ADC measurements 
of pancreatic lesions and parenchyma, as previously 
reported in the literature (14, 15, 26). ADC values of 
pancreatic adenocarcinomas and neuroendocrine tumors 
were significantly lower than those of pancreas parenchyma 
and mean ADC values of neuroendocrine tumors were lower 
than those of adenocarcinomas, although no significant 
differences were noted between the 2 diseases. The 
histologic grade was a possible reason for the low ADC 
values of neuroendocrine tumors in our study (32). Among 
7 patients with neuroendocrine tumors, 5 patients had a 
grade 2 and 1 patient had a grade 3 tumor. 

We used a 2D spatially selective RF excitation pulse for 
the acquisition of reduced FOV DWI in our study. There 
are several other approaches for reduced FOV DWI, which 
consist of mainly suppressing or dephasing the signal 
intensity outside of the desired FOV rather than exciting 
only the targeted ROI (27, 28, 33, 34). These methods were 
applied to the imaging of spinal cords and optic nerves 
(27, 28, 33, 34). However, Zaharchuk et al. (14), reported 
that these approaches may be suboptimal in the setting 
of motion or magnetic field inhomogeneities. Thus, it is 
not easy to exploit these techniques in evaluation of the 
pancreas.

Apart from the intrinsic limits of any retrospective study, 
our study had several other limitations. First, a limited 
spectrum of diseases was included in the study. Imaging 
of benign diseases such as focal pancreatitis other than 
malignant neoplasms may provide additional information 
including lesion detectability and artifacts in the setting 
of peri-pancreatic inflammation. Second, b-values used 
in the analysis of reduced FOV were b = 0 and 400 s/mm2 
and those used in full FOV DWI were b = 0 and 500 s/mm2. 
Such a difference in b-value might have affected ADC value 
measurements, as well as the qualitative image analysis. 
Furthermore, the difference in the series of b-values (3 
b-values for reduced FOV and 9–10 b-values for full FOV 
DWI) in image acquisition between the protocols and 
the subsequent disparity in the acquisition time might 
have affected the overall IQ. Such heterogeneity between 
the protocols occurred as full FOV DWI with multiple 
b-values was originally a routine sequence of the biliary-
pancreas MRI in our hospital, while reduced FOV DWI 
was implemented more recently as a prototype sequence 
according to the manufacturer’s recommendations. Further 
study with equal b-values and other imaging parameters is 

required. Third, the inter-reader agreement of qualitative 
analysis was only fair to substantial. As qualitative analysis 
was performed by the 2 readers independently and was not 
consensus-driven, discrepancy in a few cases was inevitable. 
Zaharchuk et al. (14), who dealt with the reduced FOV DWI 
of human spinal cord, also reported that the weighted κ 
between the 2 reviewers for the evaluation of susceptibility, 
resolution, SNR, anatomy, and clinical utility ranged from 
0.45 to 0.59, which was comparable to that in our study. A 
substantial training session prior to the investigation would 
be required in future studies.

In conclusion, compared to full FOV DWI, reduced FOV 
DWI of the pancreas provides higher overall IQ as well as 
better anatomical structure delineation, lesion conspicuity 
and subjective clinical utility. The greater than 2-fold 
higher spatial resolution of reduced FOV DWI would help 
radiologists better evaluate pancreatic diseases in greater 
detail.
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