
Abstract. – OBJECTIVE: To investigate the
application value of double exponential model
diffusion weighted imaging (IVIM-DWI) and dy-
namic contrast enhanced magnetic resonance
imaging (DCE-MRI) in the diagnosis of early
esophageal cancer.

PATIENTS AND METHODS: 30 cases of pa-
tients with early esophageal cancer confirmed
by pathology were collected. They were per-
formed MRI plain scan, IVIM-DWI and DCE-MRI
scan. The normal esophageal tissue, SlowADC
value in tumor focus, FastADC value, F value,
Ktrans, Kep and Ve values were measured. The
difference between cancer tissue and normal
tissue was compared using two independent
sample t test. The prediction parameters and
diagnostic threshold were compared by draw-
ing receiver operating characteristic curve
(ROC).

RESULTS: The average F, Ktrans and Kep val-
ues in esophageal cancer and normal esophageal
tissue were: (0.48 ± 0.19), (0.64 ± 0.08); (0.45 ±
0.19)/min, (0.14 ± 0.04)/min and (1.14 ± 0.42)/min,
(0.56 ± 0.25)/min respectively. Compared with
normal esophageal tissue, esophageal cancer F
value decreased, Ktrans value increased, Kep
value increased, and the difference was statisti-
cally significant (p < 0.05); There was no differ-
ence in SlowADC, FastADC, Ve values of
esophageal cancer and those in normal
esophageal tissues (p > 0.05). The areas under
ROC curve F, Ktrans and Kep values were 0.90,
0.98 and 0.92 respectively. They had the higher
diagnostic efficiency.

CCOONNCCLLUUSSIIOONNSS:: IVIM-DWI and DCE-MRI can
be used as the imaging method to diagnose
esophageal malignant tumor, which has the
higher diagnostic value.
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Abbreviations

IVIM-DWI = intra-voxel incoherent motion-diffusion
weighted imaging; DCE = dynamic contrast-enhanced;
EPI = echo planar imaging; ADC = apparent diffusion
coefficient; T2WI = T2 weighted image; FLAIR = fluid-
attenuated inversion recovery; EES = extracellular ex-
travascular space.

Introduction

Esophageal cancer is one of the common ma-
lignant tumors in China1. Squamous carcinoma is
the main type. It is characteristic of high degree
of malignancy, rapid development, poor thera-
peutic effect, and high recurrence rate2. Early di-
agnosis and treatment have important clinical
significance on its prognosis. Endoscopic biopsy
combined with pathological examination are the
main method of preliminary diagnosis of
esophageal cancer, especially early esophageal
cancer. Its pathological change is occult, and
there are significant differences in tumor size and
shape. Therefore, the misdiagnosis phenomenon
of esophageal cancer guided by gastroscope
biopsy is to be considered as the recognized de-
fects. The traditional imaging examination ana-
lyzed esophageal pathological changes only from
morphology3-5. It was not easy to observe the ear-
ly pathological changes. How to diagnose the
disease accurately is the challenge which the
imaging examination needs to face. The charac-
teristics of early malignant esophageal tumor
were investigated from the molecular level using
functional magnetic resonance quantitative imag-
ing technique, and whether the quantitative func-
tional magnetic resonance IVIM-DWI and DCE-
MRI could provide the early information for clin-
ical diagnosis was explored in this study.
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l.0 mm, phase encoding 96 mm, frequency en-
coding 96 mm, excitation times 1-10, frequency
encoding direction: anterior and posterior, the di-
rection of diffusion: all directions, 9 b values (0
50 100 200 400 600 800 1000 and 1500 s/mm2).
Divided into nine groups for the analysis, interval
300 s/mm2; scanning time 5 minutes and 51 sec-
onds. After breathing freely, the scan was fin-
ished. Nine groups of images of 0-1500s/mm2

were obtained by b value diffusion weighted
imaging.

Omniscan (gadodiamide injection) was used as
the contrast for DCE-MRI scan, and the amount
was 0.5 mmol/kg. The vein of upper limb was giv-
en rapid injection 0.1 mmol/L through elbow vein
indwelling catheter with high-pressure injector,
followed by intravenous bolus injection of 25 ml
saline for flushing. The vacant scan was conducted
for 6 phases before injection of contrast agent.
Then the contrast was injected, and scan was con-
tinued, sequential scan 60 cycles. 60 dynamics
were collected for esophageal dynamic enhanced
MRI scan. 16 images were acquired for each dy-
namic, 6 seconds in each stage. Finally, 960 dy-
namic enhanced images were obtained. Dynamic
enhanced scanning was conducted by LAVA (liver
acquisition with volume acceleration) sequence.
The scanning parameters: TR 4 ms, TE 1.9 ms,
thickness of layer 3.8 mm, interlayer spacing 1.8
mm, FOV 34 cm*34 cm, matrix 256*192. 

Data Acquisition
DWI original image was processed using GE

ADW4.5 workstation and post-processed by
Functool workstation to obtain ADC map. The
region of interest (ROI) was selected in the maxi-
mum level of axial tumor area with b value was
0. ROI range was 30 mm2-50 mm2. The signal in-
tensity curve, SlowADC, FastADC and F dia-
gram were obtained by calculation. The corre-
sponding SlowADC, FastADC, and F value were
measured using a double exponential model. The
same size of ROI was outlined in normal location
outside the mass correspondingly and measured.
The difference between each parameter value of
lesion and normal esophageal tissue was com-
pared.

The measurement and calculation of all the
original data parameter were completed using
OmniKinetics software hemodynamics Tofts two
compartment model (GE Healthcare, Bethesda,
MD, USA). The esophageal arteries were not easi-
ly found, so this experiment adopted Population
AIF for parameter calculation. The same size of

Patients and Methods

Clinical Data
34 cases of patients with esophageal cancer in

our hospital from April 2013 to April 2014 were
included in the study. Inclusion criteria: (1) early
esophageal cancer confirmed by operation and
pathology. The pathological changes were con-
fined to the mucosa, submucosa and other posi-
tions; (2) MRI plain scan, IVIM-DWI and DCE-
MRI were undertaken under the same magnetic
resonance instrument; (3) A total of 34 patients
were enrolled, The larger internal necrosis range
of tumor (1 case), severe mobile artifacts (3 cas-
es) were excluded. Eventually, 30 cases of pa-
tients with esophageal cancer were included into
the group, including 16 female and 14 males.
The age was 52 to 80 years old, and the median
age was 68 years old. 30 esophageal cancer
masses and corresponding normal esophageal tis-
sues were obtained. This study was conducted in
accordance with the Declaration of Helsinki.
This study was conducted with approval from the
Ethics Committee of Henan Provincial People’s
Hospital. Written informed consent was obtained
from all participants.

Inspection Method
8-channel phased array body coil was used for

GE 3.0T high field magnetic resonance instru-
ment (Discovery MR 750). The patients were
supine. The patients conducted shallow slow
breath training before the examination. The sig-
nal was acquired using respiratory gating free
breathing for the patients with even breath. The
signal was acquired using single shot acquisition
for the patients with uneven breath.

The conventional MRI scanning sequences in-
cluded: esophageal local axial and coronal fat
suppressed fast spin echo (FSE) T2WI scan: TR
3500 ms, TE85 ms, echo train length (ETL) 19,
thickness 5 mm, interval between the layer 0.5
mm, field of view (FOV) 24 cm*24 cm, incentive
times (NEX) 4, matrix 320*256; esophageal lo-
cal axial T1WI scan: TR 450 ms, TE 12 ms,
thickness of layer 5 mm, interlayer distance 0.5
mm, reverse angle 5°, FOV 24 cm*24 cm, NEX
2, matrix 256*192.

IVIM-DWI scanning was axial plane two-di-
mensional scanning; scanning options: EPI, dif-
fusion, parallel acquisition technology; echo time
57.8 ms, repetition time 8571 ms, flip angle N/A,
saturation pulse N/A, field of view (FOV) 28-32
cm, thickness of layer 5.0 mm, interlayer spacing
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Figure 1. Characteristics of lesion signal. (1) Axial fat suppressed T2, there were no serious abnormalities noted on T2WI;
(2) b = 1000, DWI map, there were slightly high signals on DWI; (3) Display range of SlowADC, graph: e-0.4-0.00250; (4)
Display range of FastADC, graph: 0.001-0.0250; (5) Display range of F graph: 0.001-0.250; (6) Sagittal fat suppressed T2,
there were no serious abnormalities noted on T2WI; (7) Display range of Ktrans graph: 0.000-1.000; (8) Display range of Kep
graph: 0.000-5.000; (9) Display range of Ve graph: 0.000-1.000; (10) was squamous cell carcinoma (HE×100). The higher
pseudo warm value color, the greater representative number in pseudo color map.

ROI was correspondingly outlined in normal loca-
tion outside the mass and measured. Three para-
meters Ktrans, Kep and Ve were calculated. The dif-
ference between each parameter value of lesion
and normal esophageal tissue was compared.
Three doctor’s average parameter was obtained fi-
nally. The specific method was that the strongest
enhancement region was outlined on the maxi-
mum level of dynamic enhanced sagittal tumor as
ROI. ROI range was 30 mm2-50 mm2. Ktrans, Kep

and Ve value were calculated on the level. 
T2WI and FLAIR images needed to be re-

ferred at the same time when ROI was set. The
cystic degeneration, necrosis, hemorrhage and re-
gion containing normal blood vessels and nerve
should be avoided. The tumor parenchyma re-
ferred to the region where plain scan T2 showed
slightly higher signal, T1WI showed low signal
intensity, and could be strengthened after en-
hancement; For tumor parenchyma region which
the enhancement was not obvious, T1WI showed
slightly low signal, T2WI and FLAIR showed
slightly higher signal. Three abdominal imaging
doctors with rich work experience repeatedly
manually set ROI in the same lesion. 

Statistical Analysis
All the parameter values of esophageal cancer

and normal esophageal tissues were compared by
two independent samples t test using SPSS 19.0

statistical software (SPSS Inc., Chicago, IL,
USA). The parameters which had significant sig-
nificance can be used to diagnose esophageal
cancer. The parameters of which with the signifi-
cant differences were drawn into diagnosis
esophageal cancer receiver operating curve
(ROC). p < 0.05 showed the difference had sig-
nificant significance.

Results

Pathological Types
In 30 patients with stage I esophageal cancer,

there were 27 cases of squamous cell carcinoma,
2 cases of adenocarcinoma and 1 case of small
cell esophageal carcinoma diagnosed by patholo-
gy. 17 cases were erosion type, 4 cases were
plaque type, 7 cases were papillary type, and 2
cases were flat type.

Characteristics of Lesion Signal 
T1WI scan showed slightly low signal; T2WI

showed equisignal or higher signal. The charac-
teristic of lesion enhancement was that in the
fourth stage of drug injection, namely after drug
injection for 24s, strengthening began. The le-
sions showed heterogeneous enhancement, ring-
enhancement or homogeneous enhancement
(Figure 1).
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The Consistency Estimation
The minimum Kappa value of ROI was set as

0.8175, and the maximum was 0.9838. p values
were less than 0.0001. The average was 0.9176.
The consistency was the best.

Difference of IVIM-DWI Parameter Value
in Two Experimental Groups 

The SlowADC, FastADC and F values in
esophageal cancer group were (0.86 ± 0.28)*10-3

mm2/s, (0.13 ± 0.01) mm-2/s and (0.48 ± 0.19) re-
spectively; Those in normal esophageal group
were (0.81 ± 0.29)*10-3 mm2/s, (0.02 ± 0.01)
mm2/s and (0.64 ± 0.08) respectively. The result
showed that F value in esophageal cancer group
was lower than that in normal esophageal group
(t = -2.391, p = 0.024), and the difference was
statistically significant. But there was no signifi-
cant difference between SlowADC and FastADC
values (Table I).

Difference of DCE-MRI Parameter Value
in Two Experimental Groups 

Ktrans, Kep and Ve values in esophageal cancer
group were (0.45 ± 0.19)/min, (1.14 ± 0.42)/min
and (0.37 ± 0.17) respectively; Those in normal
esophageal group were (0.14 ± 0.04)/min, (0.56±
0.25)/min and (0.27 ± 0.11) respectively. The re-
sult showed that Ktrans and Kep value in two
groups were higher than those in norma group (t
= 4.525, p < 0.05; t = 4.585, p < 0.05), and the
difference was statistically significant. However,
there was no significant difference about Ve value
(Table II).

Area Under ROC Curve of Parameter 
Values with Diagnostic Value

The F, Ktrans and Kep values had the higher
diagnostic efficiency. The areas under the
curve were 0.90, 0.98 and 0.92 respectively
(Table III).

Discussion

Intra voxel incoherent motion (IVIM) imaging
can more accurately quantify two motion compo-
nents in DWI image, including simple water mole-
cule diffusion and blood perfusion6,7. The
SlowADC value was pure diffusion coefficient,
represented diffusion motion of pure water mole-
cules (slow diffusion motion component); Fas-
tADC value was false diffusion coefficient, repre-
sented incoherent motion intra voxel microcircula-
tion perfusion, namely perfusion related diffusion
motion (fast diffusion motion component); F value
represented perfusion proportion. Since Le Bihan
et al6 firstly put forward DWI imaging method
based on IVIM in 1986, IVIM gradually devel-
oped into the later application in heart, liver, pan-
creas, kidney, prostate, placenta and anti-tumor ef-
ficacy monitoring from the initial application in
head and neck8-12. With the appearance of MR
echo-planar imaging (EPI), combined with paral-
lel acquisition imaging technology (ASSET), mul-
tiple signal average technique solved the problems
of large noise, poor contrast, artifacts and image
deformation, and more and more studies were fo-
cused on esophagus. The study was to study the
application value of IVIM-DWI in the diagnosis
of early esophageal cancer using double exponen-
tial model. The result showed that SlowADC and
FastADC could not differentiate between
esophageal cancer and normal esophagus, but F
value could do it. We used 9 b values to calculate
F value. F value of esophageal cancer group was
significantly lower than that of normal esophageal
group, which suggesting that blood perfusion ratio
of esophageal cancer was lower than that of nor-
mal esophageal tissues. This may be related to that
tumor cell proliferation was faster than vascular
formation. This study firstly applied IVIM-DWI
technology in esophagus and evaluated its value in
early diagnosis of esophageal cancer. The study
showed that the areas under ROC curve of
esophageal cancer Ktrans and Kep values were 0.90,
the diagnostic threshold was 0.545. Studies
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Groups Slow ADC (10-3 mm2/s) FastADC (mm-2/s) F (%)

Esophageal cancer group 0.86 ± 0.28 0.13 ± 0.01 0.48 ± 0.19
Normal esophagus group 0.81 ± 0.29 0.02 ± 0.01 0.64 ± 0.08
t 0.220 -1.366 -2.391
p 0.827 0.188 0.024

Table I. IVIM-DWI parameter value distribution in esophageal cancer group and normal esophagus group and t test analysis.



showed that its application success rate in esopha-
gus was higher than that of traditional DWI tech-
nology13,14, suggesting that IVIM-DWI could be
applied in the diagnosis of early malignant tumor
of esophagus.

MR dynamic enhanced scan quantitative
analysis is to study the regularity of concentra-
tion of contrast agent in tissue along with time
variation and the exchange process of contrast
agent inside and outside the vessels on the mole-
cular level using dynamic enhancement image
and pharmacokinetic model, and then quantita-
tively describe hemodynamic information of tu-
mor micro-angiogenesis and permeability15.
Quantitative parameters include: (1) Volume
transfer constant (Ktrans): velocity of distribution
from plasma to EES for contrast agent; (2) Rate
constant (Kep): rate of contrast agent which dif-
fuses to EES back to plasma; (3) Extracellular
extravascular space volume ratio (Ve): volume in
unit volume tissue between plasma and EES; It
has been used in the qualitative diagnosis of ner-
vous system, digestive system, urinary, reproduc-
tive system and breast and stage at home and
abroad16-18. American Chang et al19 did the pilot
study on 5 cases of esophageal adenocarcinoma,
the results showed that DCE-MRI quantitative
imaging technique could distinguish normal
esophagus and esophageal malignant tumor. In
China, esophageal squamous cell carcinoma is
the most common type in esophageal cancer, ac-
counting for about 90%14. This research showed
that Ktrans and Kep values of esophageal cancer
were higher than those of normal esophageal tis-
sue, suggesting that dynamic enhanced quantita-

tive imaging technique could be applied in the di-
agnosis of early esophageal cancer, this may be
relevant to tumor formation of the immature
vessles. The increase of VEGF can induce the
proliferation and migration of tumor vascular en-
dothelial cells, the increase of permeability of
microvasculature20. Couvelard et al21 have con-
firmed that overexpression of VEGF can lead to
the occurrence of tumor. Compared with normal
vessels, neoplastic tumor microvessels were not
mature, the basement membrane was not com-
plete, endothelial cell space widened. The vascu-
lar endothelium, pericyte coverage and abnormal
basement membrane will lead to the increase of
microvascular permeability. The study showed
that the areas under ROC curve of esophageal
cancer Ktrans and Kep values were 0.98 and 0.92
respectively, diagnostic threshold were 0.156 and
0.622. Its diagnosis efficiency to esophageal can-
cer is high, suggesting that quantitative DCE-
MRI functional imaging, as a quantitative, nonin-
vasive and economic examination, can be used
for early diagnosis of esophageal cancer.

The shortcomings in this study including: (1)
The quantitative DCE-MRI was affected by
pharmacokinetic model, and had little differ-
ence with real human environment, so the result
might have a certain bias; (2) The b value selec-
tion of IVIM also affected the result; (3) The
two quantitative functional magnetic resonance
scanning directions were different, their sizes of
effectiveness were not comparable. The next re-
search direction is to unify the standard, and
compare the diagnostic efficacy of the two
kinds of technologies.
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Groups Ktrans (/min) Kep (/min) Ve

Esophageal cancer group 0.45 ± 0.19 1.14 ± 0.42 0.37 ± 0.17
Normal esophagus group 0.14 ± 0.04 0.56 ± 0.25 0.27 ± 0.11
t 4.525 4.585 1.871
p < 0.05 < 0.05 0.077

Table II. DCE-MRI parameter value distribution in esophageal cancer group and normal esophagus group and t test analysis.

Area under Maximum Diagnostic Sensitivity Specificity
Parameters the curve youden index threshold (%) (%)

Ktrans 0.98 0.70 0.156 0.95 0.75
Kep 0.92 0.70 0.622 0.95 0.75
F 0.90 -0.30 0.545 0.90 0.70

Table III. ROC related parameters of esophageal cancer diagnosis.



3350

Conclusions

IVIM-DWI and DCE-MRI can be used in ear-
ly diagnosis of esophageal cancer. They can pro-
vide early lesion information for clinical and in-
crease the cure rate of the disease.
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