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Abstract
BACKGROUND 
The consistency of pancreatic apparent diffusion coefficient (ADC) values and 
intravoxel incoherent motion (IVIM) parameter values across different magnetic 
resonance imaging (MRI) devices significantly impacts the patient’s diagnosis and 
treatment.

AIM 
To explore consistency in image quality, ADC values, and IVIM parameter values 
among different MRI devices in pancreatic examinations.

METHODS 
This retrospective study was approved by the local ethics committee, and 
informed consent was obtained from all participants. In total, 22 healthy 
volunteers (10 males and 12 females) aged 24-61 years (mean, 28.9 ± 2.3 years) 
underwent pancreatic diffusion-weighted imaging using 3.0T MRI equipment 
from three vendors. Two independent observers subjectively scored image quality 
and measured the pancreas’s overall ADC values and signal-to-noise ratios 
(SNRs). Subsequently, regions of interest (ROIs) were delineated for the IVIM 
parameters (true diffusion coefficient, pseudo-diffusion coefficient, and perfusion 
fraction) using post-processing software. These ROIs were on the head, body, and 
tail of the pancrease. The subjective image ratings were assessed using the kappa 
consistency test. Intraclass correlation coefficients (ICCs) and mixed linear models 
were used to evaluate each device’s quantitative parameter values. Finally, a 
pairwise analysis of IVIM parameter values across each device was performed 
using Bland-Altman plots.

RESULTS 

https://www.f6publishing.com
https://dx.doi.org/10.4240/wjgs.v16.i7.2031
mailto:47400852@hebmu.edu.cn
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The Kappa value for the subjective ratings of the different observers was 0.776 (P < 0.05). The ICC values for inter-
observer and intra-observer agreements for the quantitative parameters were 0.803 [95% confidence interval (CI): 
0.684-0.880] and 0.883 (95%CI: 0.760-0.945), respectively (P < 0.05). The ICCs for the SNR between different devices 
was comparable (P > 0.05), and the ICCs for the ADC values from different devices were 0.870, 0.707, and 0.808, 
respectively (P < 0.05). Notably, only a few statistically significant inter-device agreements were observed for 
different IVIM parameters, and among those, the ICC values were generally low. The mixed linear model results 
indicated differences (P < 0.05) in the f-value for the pancreas head, D-value for the pancreas body, and D-value for 
the pancreas tail obtained using different MRI machines. The Bland-Altman plots showed significant variability at 
some data points.

CONCLUSION 
ADC values are consistent among different devices, but the IVIM parameters’ repeatability is moderate. Therefore, 
the variability in the IVIM parameter values may be associated with using different MRI machines. Thus, caution 
should be exercised when using IVIM parameter values to assess the pancreas.

Key Words: Intravoxel incoherent motion; Pancreas; Image quality; Consistency test

©The Author(s) 2024. Published by Baishideng Publishing Group Inc. All rights reserved.

Core Tip: The purpose of this study was to investigate whether the intravoxel incoherent motion (IVIM) parameter values of 
the normal pancreas are consistent when imaging with different magnetic resonance imaging (MRI) devices, and it was 
found that the variability of IVIM parameter values may be related to the use of different MRI machines.

Citation: Liu X, Wang YF, Qi XH, Zhang ZL, Pan JY, Fan XL, Du Y, Zhai YM, Wang Q. Reproducibility study of intravoxel 
incoherent motion and apparent diffusion coefficient parameters in normal pancreas. World J Gastrointest Surg 2024; 16(7): 2031-
2039
URL: https://www.wjgnet.com/1948-9366/full/v16/i7/2031.htm
DOI: https://dx.doi.org/10.4240/wjgs.v16.i7.2031

INTRODUCTION
The microscopic movement of water in biological tissues typically includes the diffusion of water molecules and microcir-
culation perfusion. Diffusion-weighted imaging (DWI) is sensitive to proton displacement due to random Brownian 
motion and the overall displacement of protons within the capillaries[1]. In 1986, Le Bihan et al[2] introduced the concept 
of intravoxel incoherent motion (IVIM), which uses a bi-exponential decay model to capture tissue displacements 
attributed to microcirculatory perfusion and water molecule diffusion. IVIM involves acquiring DWI sequences with 
multiple b-values, which are processed using a bi-exponential model to obtain quantitative parameters, including the true 
diffusion coefficient (D), pseudo-diffusion coefficient associated with microperfusion, and perfusion fraction (f). These 
parameters are used to quantitatively analyze human tissues’ microstructural and pathophysiological status.

The increased magnetic resonance imaging (MRI) field strength and related technological innovations have recently led 
to a steady growth in IVIM analysis research. IVIM analysis is used to study human physiological and pathological 
processes, including the differentiation of benign and malignant tumors, pathological grading of malignant tumors, 
prognosis prediction, and many other aspects[3-6]. Moreover, research on IVIM sequence application in pancreatic 
diseases has also increased. IVIM multi-parameter analysis provides quantitative parameters for assessing pancreatic fat 
degeneration and fibrosis[7] and distinguishes between normal pancreatic tissue, pancreatic cancer, and pancreatic 
neuroendocrine tumors[8-10]. Furthermore, it has shown significant value for assessing the degree of pancreatic cancer 
differentiation[11] and predicting pancreatic cancer resectability[12].

A prerequisite for translating this growing research interest in IVIM multi-parameter analysis into clinical applications 
is its repeatability in different clinical settings. In clinical practice, the pancreas, a retroperitoneal organ, is often affected 
by respiratory motion and peristalsis during imaging. Moreover, different hospitals may have various MRI equipment, 
and even within the same hospital, different MRI devices may be introduced. The consistency of pancreatic IVIM 
parameter values across different MRI devices significantly impacts the patient’s diagnosis and treatment. Therefore, this 
study aimed to investigate whether the IVIM parameter values of the normal pancreas are consistent when imaged using 
different MRI devices.

https://www.wjgnet.com/1948-9366/full/v16/i7/2031.htm
https://dx.doi.org/10.4240/wjgs.v16.i7.2031
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MATERIALS AND METHODS
Study subjects
This study included 22 physically healthy volunteers (10 males and 12 females) aged 24-61 years (mean: 28.9 ± 2.3 years). 
The inclusion criteria were as follows: (1) No history of drug or alcohol abuse; (2) no history of pancreatitis, diabetes, 
alcoholism, or abdominal surgery; and (3) no MRI contraindications (such as pacemaker implantation, metal implants, 
and claustrophobia). The exclusion criteria were as follows: (1) Failure to complete the DWI image examination; and (2) 
poor image quality (such as motion artifacts), which is insufficient for analysis. This prospective study was approved by 
the local ethics committee, and informed consent was obtained from all participants.

Scanning technique
Before the examination, each volunteer fasted for 4-6 h. Subsequently, they were examined sequentially using three 
different 3.0T MRI devices denoted as A for the 3.0T Siemens Skyra, B for the 3.0T Philips Ingenia CX, and C for the 
domestic 3.0T United Imaging 780. In total, 66 examinations were performed (three examinations per volunteer). The 
volunteers were placed in a supine position, and the scanning range included the entire pancreas. The scan slice thickness 
was 5 mm for all MRI devices, and the scan sequences included T1-weighted Dixon, T2-weighted fat suppression, and 
plain IVIM sequences. IVIM sequence parameter values were calculated based on 12 b-values: 0, 10, 20, 30, 40, 60, 80, 100, 
200, 500, 800, and 1200 s/mm². The number of excitations (NEX) for different b-values was as follows: NEX = 1 for b-
values of 0-100 s/mm2, NEX = 2 for 200 s/mm2, NEX = 3 for 500 s/mm2, NEX = 5 for 800 s/mm2, and NEX = 6 for 1200 
s/mm2. The settings of the different machines are listed in Table 1.

Image analysis and data measurement
After completing the MRI examinations, two professionally trained radiologists experienced in diagnostic imaging 
subjectively and objectively assessed the images at a b-value of 1200 s/mm2. A 5-point rating scale was used for the 
subjective assessment of image quality, where 1 point represents the poorest and 5 points represent the best, with 
increasing degrees of quality from points 1 to 5.

Signal-to-noise ratio (SNR) is an objective assessment metric for image quality; it is calculated using the formula SNR = 
[S - average value (Sb)]/SD, where S represents the average signal value within the pancreatic region of interest (ROI), Sb 
represents the average background signal value, and SD represents the standard deviation of the signal within the 
pancreatic ROI. Images with a b-value of 1200 s/mm2 were selected to measure the pancreatic ROI signal average values, 
and circular ROIs with an area of approximately 50 mm² were drawn at three locations: The pancreatic head (PaH), 
pancreatic body (PaB), and pancreatic tail (PaT). The average values and standard deviations of the signal for each ROI 
were recorded, and the average values of the three ROIs were calculated. Circular regions were drawn in each of the four 
corners within the imaging field to measure the background signal values. Each region’s average signal values were 
recorded, and the Sb for the four regions was calculated. The SNR of the images was calculated using the formula above.

Parameter values were measured on different devices at their respective post-processing workstations. Images with b-
values of 0 and 1200 s/mm2 were selected to generate the apparent diffusion coefficient (ADC) maps. The ADC values 
were measured separately for the PaH, PaB, and PaT, and the overall average ADC value for the pancreas was calculated. 
The delineation of the IVIM sequence ROI and the calculation of the parameter values were performed using the MITK-
diffusion post-processing software of different devices to obtain the true D, false diffusion coefficient (D*), and f values. D 
represents the effect of pure molecular diffusion within a voxel, D* represents the diffusion effect associated with 
microcirculation perfusion, and f represents the volume fraction of the diffusion effects associated with microcirculation 
perfusion within a voxel, expressed as a percentage. Owing to the differences in the IVIM parameter values in different 
parts of the pancreas[13], the ROIs were delineated at the best-displayed levels for the PaH, PaB, and PaT. ROIs were 
drawn on axial images at b = 0 s/mm², with an area of 50 mm². The common bile duct and main pancreatic duct were 
avoided during the delineation. Notably, all quantitative parameter measurements were performed by two experienced 
radiologists, and one repeated the measurements for all quantitative parameters 1 mo later.

Statistical processing
SAS 9.4 software, R language, and SPSS 26.0 were used for data collection and statistical analyses. Kappa analysis was 
used to compare the consistency of the subjective image quality scores between the observers. Kappa ≥ 0.75 indicated 
good consistency, 0.75 > Kappa ≥ 0.4 indicated general consistency, and kappa < 0.4 indicated poor consistency between 
the two observers. The intraclass correlation coefficient (ICC) was used to analyze the parameters between different 
observers and between two measurements from the same observer. Good consistency was indicated by ≥ 0.75, and 0.40-
0.75 indicated moderate consistency. A value of < 0.40 indicated poor consistency.

The consistency of image SNR, ADC, and IVIM parameter values among different MRI devices was analyzed using 
ICC. The mean ± SD method was used to describe the IVIM parameter data between the different MRI devices. 
Differences between different devices were compared using a mixed linear model, and post-hoc pairwise comparisons 
were adjusted using the Bonferroni method, where the adjusted P-values were calculated by multiplying the original P-
values by 3. Finally, Bland-Altman plots were used to evaluate the consistency of IVIM measurements across different 
devices. All statistical analyses and graphical representations were performed using GraphPad Prism 9.3 software, and 
statistical significance was set at P < 0.05.
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Table 1 Parameter settings for different machines

Model TR (ms) TE (ms) FOV (mm) Matrix Lamination thickness (mm) Scanning time (min:s)

A 6700 63 380 × 306 108 × 134 5 8:35

B 1897 75 380 × 297 128 × 98 5 3:36

C 4294 67 380 × 300 128 × 100 5 4:57

RESULTS
Consistency analysis between different observers
The Kappa value for the subjective image quality assessment among the observers was 0.776 (P < 0.05). The ICC for all 
quantitative parameter values among different observers was 0.803 [95% confidence interval (CI): 0.684-0.880, P < 0.05]. 
The ICC for the quantitative parameter values measured by the same observer on two different occasions was 0.883 
(95%CI: 0.760-0.945, P < 0.05).

Consistency analysis between different devices
Consistency analysis results of SNR and ADC values between different devices: The mean SNR values for MRI devices 
A, B, and C were 14.2 ± 3.1, 11.9 ± 2.4, and 15.5 ± 3.6, respectively. Device C had the highest SNR among the three devices. 
The ICC between different devices was not significant (P > 0.05; Table 2). The ICCs of the ADC values of devices A, B, 
and C were 0.870, 0.707, and 0.808, respectively (P < 0.05) (Table 2). The ICC between devices A and C was between 0.4 
and 0.75, indicating that the repeatability of ADC value measurements between the two devices is moderate. However, 
for the comparisons between devices A and B and between devices B and C, the ICC was > 0.75, indicating good repeat-
ability in ADC measurements between these device pairs.

ICC results of IVIM parameters between different devices: The D, D*, and f values of the PaH, PaB, and PaT on 
different devices are statistically described using box plots (Figure 1). According to the ICC results, only a few differences 
between the devices were statistically significant. Devices A and B were statistically significant only for the f value of the 
PaT, with an ICC of 0.531 (P < 0.05). The difference in the D value of the PaB between devices A and C was statistically 
significant, and the ICC was 0.683 (P < 0.05). Devices B and C had more statistically significant differences. The two 
devices were statistically significant for the D and D* values of the PaH, D value of the PaB, and D value of the PaT. The 
ICC obtained was 0.728, 0.578, 0.551, and 0.908, respectively (P < 0.05). Similarly, from the ICC results, in the above 
statistically significant items, only the ICC of the D values of the PaT on devices B and C were > 0.75, and the ICC of the 
remaining items were between 0.4 and 0.75 (Table 2 and Figure 2).

Analysis of differences in IVIM parameter values among different pancreatic regions on different machines: The 
mixed linear model analysis results showed differences in the f value of the PaH, the D value of the PaB, and the D* value 
of the PaT among different devices (P < 0.05). The f value of the PaH on device C was lower than those on devices A and 
B (P < 0.05). The D value of the PaB on device C was higher than those on devices A and B (P < 0.05). The D* value of the 
PaT on device B was lower than that on device A (P < 0.05) (Table 3).

Bland-Altman plot analysis between different machines: In a Bland-Altman plot, if the majority of data points fall 
within the 95% limits of agreement (between the two dashed lines representing the mean ± 1.96 times the SD), and the 
maximum difference is clinically acceptable, it can be considered that the two methods exhibit good agreement and can 
be used interchangeably. As shown in Figure 3, there was one point beyond the 95% limits of agreement for devices A 
and B (orange), one point for devices A and C (purple), and two points for devices B and C (dark green).

DISCUSSION
With advancements in MRI equipment and technology, research on IVIM and its potential clinical applications has 
increased. This necessitates a systematic assessment of the variability of the measured diffusion parameters. IVIM is a 
novel MRI technique used for the non-invasive evaluation of molecular diffusion and perfusion within living tissues. It is 
considered an ideal method for the non-invasive assessment and differentiation of pancreatic cancer[14].

The image quality and parameter values of IVIM are influenced by various factors, such as the magnetic field strength, 
choice of b-values, selection of breathing techniques, image post-processing methods, and the use of MRI equipment 
manufactured by different vendors. Previous studies on the consistency of IVIM parameter values have primarily focused 
on exploring the impact of different breathing techniques, various b-values, and the selection of optimal b-values on ADC 
or IVIM parameters within the same device[15-17]. However, there have been relatively few studies on the consistency of 
IVIM parameter values between different devices. Therefore, our study used three MRI machines with a magnetic field 
strength of 3.0T, identical b-value selection, and respiratory-triggered scanning. The final step involved delineating ROIs 
of the same size (50 mm²) on images from all machines, minimizing interference from other factors to some extent.
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Table 2 Intraclass correlation coefficient results of parameter values in different parts of the pancreas between different devices

Machine A vs machine B Machine A vs machine C Machine B vs machine C

ICC (95%CI) P value ICC (95%CI) P value ICC (95%CI) P value

D in PaH 0.274 (-0.731, 0.697) 0.232 0.342 (-0.411, 0.712) 0.145 0.728 (0.358, 0.886) 0.002 

D* in PaH -0.186 (-1.545, 0.482) 0.670 0.27 (-0.611, 0.685) 0.220 0.578 (0.02, 0.822) 0.022 

f in PaH -0.209 (-1.818, 0.491) 0.673 0.173 (-0.386, 0.582) 0.272 0.19 (-0.541, 0.622) 0.274 

D in PaB 0.456 (-0.332, 0.776) 0.089 0.683 (-0.026, 0.886) 0.028 0.551 (-0.079, 0.814) 0.037 

D* in PaB -0.521 (-3.056, 0.393) 0.815 -0.023 (-1.636, 0.587) 0.519 -0.256 (-2.207, 0.491) 0.691 

f in PaB 0.385 (-0.407, 0.739) 0.124 -0.087 (-1.441, 0.534) 0.580 -0.332 (-2.715, 0.515) 0.748 

D in PaT 0.324 (-0.614, 0.718) 0.186 0.286 (-0.557, 0.69) 0.201 0.908 (0.781, 0.961) < 0.001

D* in PaT 0.569 (-0.204, 0.836) 0.060 -0.289 (-2.251, 0.475) 0.713 -0.062 (-1.02, 0.504) 0.569 

f in PaT 0.531 (-0.144, 0.806) 0.047 0.35 (-0.633, 0.735) 0.174 0.486 (-0.275, 0.789) 0.073 

SNR 0.081 (-0.206, 0.421) 0.312 0.178 (-0.238, 0.551) 0.205 0.067 (-0.152, 0.364) 0.301

ADC value 0.870 (0.691, 0.946) < 0.001 0.707 (0.393, 0.871) < 0.001 0.808 (0.590, 0.917) < 0.001

ICC: Intraclass correlation coefficient; SNR: Signal-to-noise ratio; PaH: Pancreatic head; ADC: Apparent diffusion coefficient; D: Diffusion coefficient; PaT: 
Pancreatic tail; PaB: Pancreatic body; f: Perfusion fraction; D*: False diffusion coefficient.

Figure 1 True diffusion coefficient, false diffusion coefficient, and perfusion fraction values of the pancreatic head, body, and tail on 
different devices. A: True diffusion coefficient values; B: False diffusion coefficient values; C: Perfusion fraction values. PaH: Pancreas head; PaB: Pancreas 
body; PaT: Pancreas tail; D: True diffusion coefficient; f: Perfusion fraction; D*: False diffusion coefficient.

In our study, the kappa coefficient for subjective image quality assessment at b = 1200 s/mm2 among different 
observers was 0.776, indicating a good consistency in subjective image quality ratings. The ICC for all the quantitative 
parameter values between different observers was 0.803, and the quantitative parameter value measured by the same 
observer on two different occasions was 0.883. Notably, both ICCs were > 0.75, indicating excellent consistency in the 
measurements of the quantitative parameter values among different observers and within the same observer across the 
two measurements.

We used images acquired at b = 0 and b = 1200 s/mm2 to analyze the ADC values between different devices. The ICC 
values for pairwise comparisons between different devices were 0.870, 0.707, and 0.808, respectively, indicating good 
consistency among the three devices. This finding is consistent with the results of previous studies[18,19]. However, the 
ICC statistical analysis of the SNR between different machines yielded P > 0.05, indicating no statistical significance. This 
could be attributed to differences in imaging parameters used by different devices during image acquisition.
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Table 3 Comparison of diffusion coefficient, false diffusion coefficient, and perfusion fraction values of the pancreatic head, body, and 
tail measured using machines A, B, and C

Mixed liner model Post-hoc testRegion and 
parameter Machine A Machine B Machine C

F P value Pair comparison P1 value
95% limits of 
agreement

PaH

D 1.08 ± 0.27 1.15 ± 0.22 1.22 ± 0.23 2.893 0.078 A vs B 0.986 -0.56, 0.38

A vs C 0.140 -0.47, 0.44

B vs C 0.311 -0.32, 0.27

D* 0.07 ± 0.04 0.05 ± 0.03 0.05 ± 0.02 2.275 0.128 A vs B 0.139 -0.13, 0.03

A vs C 0.327 -0.11, 0.03

B vs C 0.531 -0.05, 0.04

f 0.40 ± 0.18 0.33 ± 0.15 0.23 ± 0.07 15.725 0.001 A vs B 0.483 -0.57, 0.16

A vs C 0.001 -0.52, 0.00

B vs C 0.030 -0.40, 0.06

PaB

D 1.05 ± 0.24 1.09 ± 0.18 1.21 ± 0.20 10.060 0.001 A vs B 0.999 -0.46, 0.27

A vs C 0.003 -0.21, 0.33

B vs C 0.027 -0.27, 0.31

D* 0.06 ± 0.04 0.05 ± 0.04 0.06 ± 0.02 0.228 0.798 A vs B 0.999 -0.12, 0.05

A vs C 0.999 -0.08, 0.04

B vs C 0.999 -0.09, 0.05

f 0.30 ± 0.15 0.37 ± 0.20 0.24 ± 0.07 3.174 0.062 A vs B 0.513 -0.36, 0.27

A vs C 0.420 -0.39, 0.11

B vs C 0.066 -0.57, 0.10

PaT

D 1.07 ± 0.16 1.12 ± 0.22 1.15 ± 0.18 2.438 0.112 A vs B 0.999 -0.42, 0.28

A vs C 0.258 -0.34, 0.29

B vs C 0.601 -0.19, 0.14

D* 0.08 ± 0.04 0.05 ± 0.03 0.07 ± 0.02 9.451 0.001 A vs B 0.002 -0.10, 0.00

A vs C 0.999 -0.11, 0.04

B vs C 0.058 -0.06, 0.06

f 0.25 ± 0.08 0.26 ± 0.10 0.25 ± 0.12 0.191 0.827 A vs B 0.999 -0.20, 0.12

A vs C 0.999 -0.25, 0.13

B vs C 0.999 -0.27, 0.12

1The Bonferroni method was used to adjust the P value. The adjusted P value was equal to the original P value multiplied by 3. PaH: Pancreatic head; 
ADC: Apparent diffusion coefficient; D: Diffusion coefficient; PaT: Pancreatic tail; PaB: Pancreatic body; f: Perfusion fraction; D*: False diffusion coefficient.

In the consistency analysis of various IVIM parameter values, devices A and B showed statistical significance only for 
the f value of the PaT region, with an ICC of 0.531. Devices A and C exhibited statistical significance only for the D value 
of the PaB region, with an ICC value of 0.683. The remaining parameters between devices A and B and between devices A 
and C showed no statistically significant differences, indicating poor repeatability between devices A and B and between 
devices A and C. Devices B and C showed a statistical difference in the D and D* values in the PaH region, the D value in 
the PaB region, and the D value in the PaT region, with an ICC of 0.728, 0.578, 0.551, and 0.908, respectively. This 
indicates that the consistency between devices B and C was better than that between devices A and B and between 
devices A and C, and the repeatability of the D values in different pancreatic regions between devices B and C was 
relatively good. Considering the magnitude of the ICC among the statistically significant parameters mentioned above, 
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Figure 2 Intraclass correlation coefficient map of pairwise comparison between different machines in different parts of the pancreas. aP < 
0.05. ICC: Intraclass correlation coefficient; PaH: Pancreas head; PaB: Pancreas body; PaT: Pancreas tail; D: True diffusion coefficient; f: Perfusion fraction; D*: 
False diffusion coefficient.

Figure 3 Comparison of consistency of true diffusion coefficient, false diffusion coefficient, and perfusion fraction values measured 
using different machines. A: True diffusion coefficient (D) average in pancreatic head (PaH); B: False diffusion coefficient (D*) average in PaH; C: Perfusion 
fraction (f) average in PaH; D: D average in pancreatic body (PaB); E: D* average in PaB; F: f average in PaB; G: D average in pancreatic tail (PaT); H: D* average 
in PaT; I: f average in PaT.

only the ICC for the D value in the PaT region between devices B and C was > 0.75. The ICC for the other parameters was 
between 0.4 and 0.75, indicating some consistency between devices B and C; however, the degree of consistency was 
mostly moderate and did not reach a high level of agreement.

In the mixed linear model, when P < 0.05, a significant difference exists between the two data sets. According to the 
results of statistical analysis, there were differences in the IVIM parameters between  different machines in the PaH (f 
value), PaB (D value), and PaT regions (D* value). Machine C had a lower f value in the PaH region than machines A and 
B. Machine C had a higher D value in the PaB region than machines A and B. Machine B had a lower D* value in the PaT 
region than the other machines. This may have been associated with using different post-processing software and 
algorithms in the IVIM numerical analysis on different machines.
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Based on the Bland-Altman plot results for different machines, the approximate distribution of different parameters 
could be visually observed. These plots showed that only 1-2 data points fell outside the dashed lines (representing the 
95%CI), indicating that only a few parameters had relatively large variability, whereas most parameters exhibited 
acceptable consistency. However, considering the statistical analysis results mentioned earlier, it should be noted that 
many IVIM parameters had ICC values that are not particularly high, and significant differences existed in some 
parameter values. In summary, the repeatability of the IVIM parameter values between different devices appeared to be 
moderate.

This study had some limitations. First, our study only included data from the pancreas of young and middle-aged 
individuals and did not include individuals of other age groups. However, the extended duration of the examination may 
have been challenging for children and older adults to endure, making them unable to complete all examination 
procedures. In addition, images of patients with lesions were not incorporated in our study. In clinical practice, patients 
with pancreatic cancer often have compromised health, and it can be challenging for them to undergo examinations 
simultaneously using three different devices. Moreover, there could have been a selection bias if patients with benign 
pancreatic lesions were selected.

Furthermore, we used MITK-diffusion post-processing software from different manufacturers for IVIM analysis. 
Therefore, while we could ensure consistency in ROI sizes between different devices, the ROI positions could only be 
approximately matched. This may have introduced some bias into the measurements. In addition, the lack of uniformity 
in the post-processing software could introduce variations in the algorithms used, potentially affecting the final results. In 
such cases, it is possible to standardize the differences between MRI devices through phantom calibration, which can then 
be used to correct the results. However, it is crucial to note that using phantoms for calibration inevitably increases the 
time and economic costs associated with the study.

CONCLUSION
Pancreatic scans were conducted in volunteers using different MRI devices, and we found that the variability in IVIM 
parameter values may be associated with using various MRI equipment. The consistency of the ADC values between 
different devices was good; however, the overall repeatability of the IVIM parameter values was moderate. Therefore, 
applying IVIM parameter values in diagnosing pancreatic cancer should be approached cautiously.
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