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Background: The multi-arterial CAIPIRINHA-Dixon-TWIST-volume-interpolated breath-hold examination (MA-CDT-VIBE) se-
quence has the advantage of detecting hypervascular lesions during the arterial phase of magnetic resonance
imaging (MRI) of the liver. Liver cirrhosis may be associated with dysplastic nodules. This study aimed to com-
pare the use of routine liver MRI sequences with the MA-CDT-VIBE sequence to identify dysplastic liver nod-
ules in patients with liver cirrhosis.

Material/Methods: Between February 2016 and March 2017, there were 21 patients with liver cirrhosis who had 33 dysplastic liv-
er nodules, which were detected by comprehensive multisequence MRI as the reference standard for nodule
imaging. Liver MRI using edge sharpness assessment by parametric (ESAP) modeling was compared with five
dynamic arterial subphases that were included in the MA-CDT-VIBE sequence with a temporal resolution of
2.8 s and an acquisition time of 20 s during one breath-hold.

Results: In the 21 patients included in the study, the MA-CDT-VIBE technique (30/33 for the first reading and 33/33 for
the second reading) showed an improved lesion detection rate compared with the ESAP technique (27/33 for
the first reading and 29/33 for the second reading), and for 73% of the patients, MA-CDT-VIBE imaging showed
improved arterial parenchyma contrast. There was a high degree of interobserver agreement between the two
reads (k: 0.68-0.91; P<0.001).

Conclusions: The MA-CDT-VIBE sequence of MRI liver imaging improved the detection of dysplastic nodules in cirrhosis of
the liver compared with routine liver MRI sequences.
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Background

Liver cirrhosis is a late-stage development in various chronic
liver diseases. There is a significantly increased risk of hepato-
cellular carcinoma (HCC) in patients with liver cirrhosis [1,2].
Cirrhotic livers commonly develop a series of changes, includ-
ing regenerative nodules, atypical hyperplastic nodules, dys-
plastic nodules associated with HCC. The blood supply of nod-
ules in different stages of liver cirrhosis changes gradually [3,4].
The portal vein mainly supplies regenerative nodules and
dysplastic nodules. However, high-grade dysplastic nodules
(HGDNs) can be supplied by more arteries, and the abnormal
blood supply from arteries increases for lesions less than 3 cm.
With increasing nodular dysplasia, the proportion of the he-
patic artery blood supply gradually increases. Therefore, accu-
rate assessment and prediction of nodules in a patient with
liver cirrhosis have important clinical significance for improv-
ing patient prognosis [5].

Commonly used imaging assessment methods for the liver in-
clude ultrasound, computed tomography (CT), and magnetic
resonance imaging (MRI). Ultrasound has a wide range of ap-
plications due to its convenience and low cost. Ultrasound
contrast can be dynamic for continuous observation of the
whole enhanced process, but its application is limited by the
ultrasound diagnostician [6]. Enhanced computed tomography
(CT) is widely used to detect benign and malignant tumors in
the liver because the CT coverage area is relatively large, and
the subjective impact of the observers and the effect of the
gas on the CT results are small [7]. MRI is superior to CT for
the follow-up of liver lesions, especially after the intervention,
because of its ability to display anatomical structures and tis-
sue resolution [8]. MRI enhancement, especially the thin-slice
dynamic enhancement sequence, can reflect morphological
and hemodynamic changes in benign and malignant hepatic
tumors, especially hypervascular lesions, demonstrating sig-
nificant advantages for the discovery and diagnosis of tumors.

The commonly used enhanced sequence of MRI is the 3D gra-
dient echo (GRE) sequence, which is thin in thickness and can
be scanned in 20 s. However, the sequence cannot provide high
temporal resolution and spatial resolution at the same time.
The multi-arterial CAIPIRINHA-Dixon-TWIST-volume-interpolated
breath-hold examination (MA-CDT-VIBE) uses controlled aliasing
in parallel imaging results in higher acceleration (CAIPIRINHA),
and Dixon time-resolved imaging with interleaved stochastic
trajectories (TWIST) technology has a very fast scanning speed
and high spatial resolution. Multiple scans can be completed
in a single breath-hold [9]. The MA-CDT-VIBE sequence has
an advantage in detecting the pathology of hypervascular le-
sions during the arterial phase. In this study, the MA-CDT-VIBE
technique was applied to detect dysplastic nodules in patients
with liver cirrhosis [10].
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Therefore, this study aimed to compare the use of routine liv-
er MRI sequences with the MA-CDT-VIBE sequence to identify
dysplastic liver nodules in patients with liver cirrhosis.

Material and Methods

Patients studied

The Institutional Ethics Review Board approved this study.
All subjects signed an informed consent form. Magnetic res-
onance imaging (MRI) scans were performed in 34 patients
who were initially diagnosed with cirrhosis by continuous
ultrasound. The patients were recruited between February
2016 to March 2017.

The study inclusion criteria included patients with MRI findings
of cirrhosis who had non-diffuse enhanced dysplastic nodules
in the cirrhotic liver observed on at least one intensified scan.
The maximum diameter of a single lesion was <2 cm. Patients
were excluded from the study who were pregnant or who had
claustrophobia or discomfort on MRI. According to the above
selection criteria, following MRI, four patients showed no pos-
itive liver lesions, three patients had maximum lesion diame-
ters of approximately 2 ¢cm, two patients with hemangioma,
two patients with metastatic tumors, and two patients had
cholangiocarcinoma, and they were excluded from the study.
Finally, 21 patients (15 men and six women) with 33 lesions
were included in the study, with an average age of 61+5.79
years (range, 41-79 years).

Instrument and scanning position

A Siemens MAGNETOM Amira 1.5 T MRI scanner (Siemens
Healthcare, Erlangen, Germany) was used in this study, and
a 16-channel phased-array coil was used. To prevent the coil
from sliding, the coil was fixed to the upper abdomen of the
patient using a band. The patient was placed in the supine
position, and the head was scanned first.

Plain scan and dynamic enhanced scan using multi-arterial
CAIPIRINHA-Dixon-TWIST-volume-interpolated breath-hold
examination (MA-CDT-VIBE)

A T2-weighted image (T2WI) half-Fourier single shot turbo-spin
echo (HASTE) scan, fat suppression (fs) T2WI scan, diffusion-
weighted imaging sequence, positive and negative phase se-
quences, and T1IWI VIBE sequences were performed in order.

Intravenous access was established by inserting an indwelling
needle into an antecubital vein of the patient, and gadolinium-
diethylenetriaminepentaacetate (GD-DTPA) contrast agent
(Sigma-Aldrich, St. Louis, MO, USA) was injected at a dose of
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Table 1. The scanning parameters of routine sequences and multi-arterial CAIPIRINHA-Dixon-TWIST-volume-interpolated breath-hold
examination (MA-CDT-VIBE).

Positive/ Before Portal venous Delayed

Parameters negative contrast MA-CDT-VIBE phase phase

phase* CD-VIBE CD-VIBE CD-VIBE
Orientation COR TRA TRA TRA TRA TRA TRA/SAG/COR
CSubphaseMo) 1 1 1 1 s 1 1
CTRTEMmS) 3500/87  4800/64  244/238 675339 659239 675339 675339
Flipangle (degree) 60 - 7 1 1 1 10
FOV(m) 38 3 38 38 400 38 380
CBasisresolution 256 134 2% 30 2% 30 320
Spatial Resolution  15x15+60  14x14x60  07x07x60 12x12x30 08x08x30 12x1230  12x12x30
Temporal resolution - - - - 285 - _
Slcenumber 26 2 3% 72 7 7 712
 Slice thickness (mm) 6 6 6 3 3 3 3
CSlcegap %) 0% 0% 0% 0% 0% 0% 0%
Acquisition time - 135 w9 20 18 220 18 18

K space A/B (%) - - - -

TR — repetition time; TE — echo time; FOV — field of view. A — the center of the imaging region. B — the periphery of the imaging region.

* Indicates that after a positive/negative phase sequence was scanned, it acquired the positive phase image and negative phase

image, including 30 image in each atlas.

0.2 mmol/kg of body weight at a rate of 3 ml/s using a high-
pressure syringe. After injection of the contrast medium, 20 ml
of saline was immediately injected at the same speed. The ar-
terial phase was initiated 15 s after the start of the injection of
the contrast agent. The dynamic enhanced scan included the
MA-CDT-VIBE sequence with five arterial subphases at the hor-
izontal axis during the arterial phase, the CD-VIBE sequence in
the portal vein phase (60 s after contrast agent injection) and
the CD-VIBE sequence in the delayed phase (scanned 90 s af-
ter injection of the contrast agent), coronal CD-VIBE sequences,
and sagittal CD-VIBE sequences. Table 1 shows the details of
the imaging parameters.

Selection of the equivalent standard arterial phase

The temporal resolution of the MA-CDT-VIBE sequence was
2.8 s in the arterial phase. The scanned image consisted of
five subphases. The arterial phase MA-CDT-VIBE sequence
commenced 15 s after the injection of the Gd-DTPA contrast
agent. The fourth subphase of the five subphases (at 23.4 s
after contrast agent injection) was considered equivalent to
the standard hepatic artery phase of the equivalent standard
arterial phase (ESAP).

Image evaluation methods

For image evaluation in this study, two independent image
interpretation groups were established. Two MRI diagnosti-
cians with more than five years of diagnostic experience sep-
arately reviewed all five subphases of the dynamic enhanced
MA-CDT-VIBE sequence in the arterial phase to diagnose the
nodules’ images comparison with a single ESAP image. The two
diagnostic groups were blind to the other’s diagnosis. Only the
water image was evaluated in several resulting sets of images
(a water image, lipid image, positive phase image, and inverse
phase image), only the water image was evaluated. The num-
ber of lesions detected by a set of integrated, multi sequen-
tial MRI scans, including multiple sequences, was used as a
diagnostic criterion. If the diagnosticians could identify abnor-
mal lesions in any subphase of the five sub arterial phases, all
subphases, or the ESAP, the result was recorded as (yes, 1); if
abnormal lesions were not found, the result was recorded as
(no, 2). The MA-CDT-VIBE technique was considered to have
higher diagnostic value than the standard arterial phase tech-
nique if lesions undetected during the ESAP were found in at
least one of the remaining four subphases. Also, sequences
yielding the best visualization/liver parenchyma enhancement
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in the five subphases of the MA-CDT-VIBE sequence, and the
dynamic enhancement sequences were identified. Finally,
whether the MA-CDT-VIBE sequence had an advantage in the
diagnosis of enhanced dysplastic nodule in patients diagnosed
with cirrhosis was determined (yes, 1; no, 2).

Statistical analysis

Data were analyzed using SPSS version 20.0 software (IBM
Corp., Armonk, NY, USA). The consistency between the two di-
agnostic groups was analyzed using kappa statistics. The kappa
values represented the degree of agreement between the two
groups as follows: <0.20, very low consistency; 0.21-0.40, gen-
eral consistency; 0.41-0.60, moderate consistency; 0.61-0.80,
high consistency; and 0.81-1.00, complete consistency [8].

Results

Imaging identification of liver nodules

All magnetic resonance imaging (MRI) sequences for each pa-
tient from plain to enhanced images were taken as the refer-
ence standard. Of the 33 lesions observed in 21 patients, nine
of the patients with primary liver cirrhosis had 17 lesions af-
ter microwave ablation, four of which were solitary nodular or
irregular lesions, two abnormal lesions were observed in the
livers of three patients, three abnormal lesions were observed
in the liver of one patient, and one lesion was observed in the
liver of one patient. A total of 16 lesions in the livers of the re-
maining 12 patients had MRI findings of cirrhotic nodules or
hepatocellular carcinoma (HCC). One patient had three lesions
in the liver, two patients each had two lesions in the liver, and
nine patients each had a single lesion in the liver.

The multi-arterial CAIPIRINHA-Dixon-TWIST-volume-
interpolated breath-hold examination (MA-CDT-VIBE)
sequence imaging results

Of the 33 lesions in 21 patients, 91% (30/33) of the lesions
were identified in a single reading of the MA-CDT-VIBE se-
quence, and 100% (33/33) were identified in two readings.
A single reading using the ESAP showed 81% (27/33) of the
lesions, and two readings showed 88% (29/33) of the lesions.
Thus, the MA-CDT-VIBE sequence enabled the identification
of 9% (single reading) and 12% (two readings) more lesions
than the ESAP reading. High consistency was observed be-
tween the physicians reading the images. In the analysis of
the MA-CDT-VIBE sequence, the diagnostic advantage was
(k=0.84; P<0.001), and in the comprehensive analysis of the
multisequence examinations, the diagnostic advantage was
(k=0.68-0.91; P<0.001) (Table 2). Figures 1 and 2 show the
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Lesions and liver parenchymal enhancement

Among the 33 lesions, no cases of best lesion visualization and
parenchyma contrast enhancement occurred in the first sub-
phase of the five subphases of the MA-CDT-VIBE sequence,
2 (6.1%) cases occurred in the second subphase, 6 (18.1%) cas-
es occurred in the third subphase, 9 (27.3%) cases occurred
in the fourth subphase, and 16 (48.5%) cases occurred in the
fifth subphase.

Discussion

The aim of this study was to compare the use of routine liver
magnetic resonance imaging (MRI) sequences with the multi-
arterial CAIPIRINHA-Dixon-TWIST-volume-interpolated breath-
hold examination (MA-CDT-VIBE) sequence to identify dysplastic
liver nodules in patients with liver cirrhosis. The MA-CDT-VIBE
imaging method is a combination of three techniques or phas-
es that include controlled aliasing in parallel imaging results
in higher acceleration (CAIPIRINHA), Dixon, and time-resolved
imaging with interleaved stochastic trajectories (TWIST) [12].
A new, contrast-enhanced, T1-weighted, three-dimensional,
saturated spoiled gradient echo (T1W-3D-fs-GRE) sequence al-
lows multiple sub arterial subphases to be obtained in a sin-
gle breath-hold scan [13,14]. In this study, the sequence con-
tained five arterial phase subtypes. The MA-CDT-VIBE sequence
can be used to obtain more dynamic enhancement informa-
tion and diagnostic details using the other arterial phase [15].
The MA-CDT-VIBE sequence showed higher lesion detection
rates than the standard arterial phase.

This study identified the best arterial phase and configuration
of the best time in the arterial phase. Of the 33 lesions found
in 21 patients using all MRI sequence images as the standard,
91% of the lesions were observed in a single reading of the
MA-CDT-VIBE sequence, and 100% of the lesions were identi-
fied in two readings. In contrast, 81% of the lesions were iden-
tified in a single reading of the ESAP, and 88% of the lesions
were identified in two readings. The results showed that the
MA-CDT-VIBE sequence enabled the identification of 9% (one
reading) and 12% (two readings) more lesions than the ESAP.
The MA-CDT-VIBE sequence had a very high detection rate for
enhanced dysplastic nodules in cirrhotic livers, whereas the
single-stage ESAP can cause missed lesions. Also, approxi-
mately 73% of the best lesions visualized and the liver paren-
chyma contrast enhancement cases were not observed in the
ESAP. This finding indicated that the MA-CDT-VIBE sequence
is more conducive for lesion display than a single standard ar-
terial phase image and that the MA-CDT-VIBE sequence facil-
itates optimization of arterial phase time allocation even if a
fixed delay exists in each subphase.

Indexed in:  [Current Contents/Clinical Medicine] [SCI Expanded] [ISI Alerting System]
[ISI Journals Master List] [Index Medicus/MEDLINE] [EMBASE/Excerpta Medica]
[Chemical Abstracts/CAS]

This work is licensed under Creative Common Attribution-
NonCommercial-NoDerivatives 4.0 International (CC BY-NC-ND 4.0)

imaging samples.
€922618-4




Guo LF. etal.:

MA-CDT-VIBE imaging and liver cirrhosis C LI N I CA L R E S EA RC H

© Med Sci Monit, 2020; 26: €922618

Table 2. The display of 33 lesions in 21 patients using the full set of imaging methods.

Patient Lesion The best phase in The best The advantage of

code code L e MA-CDT-VIBE sequence in DCE MA-CDT-VIBE

1 1 1 1 1 1 1 1 (5/5) MA-CDT-VIBE 1
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Table 2 continued. The display of 33 lesions in 21 patients using the full set of imaging methods.

Patient Lesion The best phase in The best The advantage of

code code L e MA-CDT-VIBE sequence in DCE MA-CDT-VIBE

18 1 1 1 1 1 1 (4/5) MA-CDT-VIBE 1

k p<0.001 0.81 0.91 0.83 0.76 0.77 0.85 (0.74) 0.68 0.87

In each sequence, 1 indicates yes, 2 indicates no; * iindicates the result of the second review. PV — portovenous phase; DL — late
dynamic phase; ESAP — equivalent standard arterial phase.
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Figure 1. Multi-Arterial CAIPIRINHA-Dixon-TWIST-Volume-Interpolated Breath-Hold Examination (MA-CDT-VIBE) of a 73-year-old
male patient with a history of chronic hepatitis B virus (HBV) infection for more than ten years and ultrasound diagnosis of
liver cirrhosis Two round nodules are shown in the right posterior lobe (VII) (black and white arrows). Panel A-E show the
first, second, third, fourth, and fifth arterial subphases of the MA-CDT-VIBE sequence, respectively. Panel D (fourth arterial
subphase) is an equivalent standard arterial phase (ESAP) image. Panel F is a portal vein phase image. Panel G is a delayed
phase image. Panel H is an image obtained by T2-weighted imaging (T2WI). Panel I is an image obtained by diffusion-
weighted imaging (DWI) (b = 800). The images show that the two enhanced nodules were not clearly shown in the first
through fourth subphases. However, significantly enhanced lesions were observed in the fifth arterial phase. White arrows
indicate nodules with decreased signals in the portal vein phase (Panel F) and delayed phase (Panel G) exhibiting a ‘fast in
and fast out’ type. The black arrows indicate nodules with a nonsignificant decrease in the signals in the portal vein phase
and delayed phase. The two enhanced lesions show high signals on T2WI. The diffusion of the signals was limited on DWI

(b=800), which shows high signals.

Plain MRI images can generally detect lesions, but enhanced
images can reveal more non-cystic lesions [16]. As the blood
supply of regenerative nodules, dysplastic nodules, and HCC
gradually change from the portal system to the hepatic artery
system and the enhancement performance exhibits significant
overlap. This finding reflects complex enhancement, and im-
ages scanned too early or too late in the arterial phase may
lead to unclear lesion enhancement or even no lesion enhance-
ment. Accordingly, the best arterial phase to display lesions
can be missed, resulting in difficulty in diagnosing lesions. For
example, in a conventional MRI scan, due to the presence of
a single arterial phase, the dynamic display of a lesion will be

directly affected if the contrast agent’s peak value is missed.
The MA-CDT-VIBE sequence can clearly and accurately capture
the characteristics of early and late arterial enhancement of
liver nodule signal changes, including the timing and intensi-
ty of nodular enhancement, and simultaneously reflect the le-
sion differentiation status to a certain extent.

A recent study performed liver scans using the CAIPIRINHA-
Dixon-VIBE sequence without the TWIST technique with a
temporal resolution of 7.5 s, resulting in an arterial phase
with three subphases [17]. Another study with three sub-
phases of the hepatic artery was conducted using a 1.5 T MRI
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Figure 2. Multi-Arterial CAIPIRINHA-Dixon-TWIST-Volume-Interpolated Breath-Hold Examination (MA-CDT-VIBE) of a 71-year-old male
approximately six months after microwave ablation of primary liver cancer. Panel A. Standard VIBE image. Panel B. Water
image in the MA-CDT-VIBE image. As shown in Panel A and Panel B, the parallel acquired noise (PAT artifact) is mainly
located in the right lobe of the liver. The granular noise in Panel b is more evident than that in Panel A. The PAT artifacts in
Panel B do not affect the local structure display or the diagnosis of the lesions.

scanner [18]. This study confirmed that the middle subphase
(the subphase when scanning 8.4 s after the peak of the con-
trast agent in the aorta) of the three subphases was the best
subphase to detect HCC. Compared with the 3-mm thickness
in the MA-CDT-VIBE sequence used in our study, the thickness
of the CAIPIRINHA-Dixon-VIBE sequence without the TWIST
technique of approximately 8-9 mm will affect the display and
diagnosis of lesions, especially small lesions, due to the par-
tial volume effect [19,20]. The 3-mm-thick MA-CDT-VIBE se-
quence had a higher spatial resolution and provided a clearer
picture of the edges and details of the hypervascular lesions.

To optimize the timing of the arterial phase, one solution would
be to scan at a fixed time point, but no defined standard ex-
ists for this fixed time point. In general, after contrast agent
injection through an antecubital vein, approximately 17 s is
required for the contrast agent to reach the abdominal aorta,
and approximately 20 s is required for the contrast agent to
reach the hepatic artery [21,22]. However, some studies have
shown that the hepatic arterial phase enhancement time var-
ies considerably among different patients [23,24]. For example,
studies have shown that the contrast agent reached the celi-
ac trunk of the abdominal aorta at 18.2+4.1 s, with a fluctua-
tion range of approximately 12-13 s [23]. This finding is also
consistent with a study by Van Beers et al., in which enhanced
MRI scans of 47 patients with hypervascular lesions and found
that the largest lesion-to-noise ratio occurred 26.5 s after con-
trast agent injection [24]. Because this time point varies greatly
among patients, the optimal hepatic arterial phase with a sin-
gle standard arterial phase is difficult to accurately determine
using a fixed time point, thus affecting the display of lesions.

Another method is to develop different scanning protocols ac-
cording to different individuals, such as determining the arterial
phase scan time by pre-scanning the contrast agent or real-time
tracking of the contrast agent [23]. However, a consensus has
not yet been reached on which vessel to use as a reference. For
example, some criteria require a breath-hold command when
the contrast agent reaches the aortic arch, while some criteria
require that the breath-hold begins when the contrast agent
reaches the descending aorta or abdominal aorta [19,20,23].
Also, real-time tracking of contrast agents requires specialized
training for the radiology technician, which cannot be achieved
in all institutions, which limits the use of this technology [16].

The above techniques emphasize the clinical importance of
the optimal arterial phase. Compared to other techniques, MA-
CDT-VIBE sequences with multiple arterial phases with high
temporal resolution can be used for multiphase scans with a
fixed time delay. The specific fixed scan time point does not
limit this technique and the specific vascular reference point.
The requirements for the radiation technician are not very
high, and the probability of capturing the best arterial phase
is increased by obtaining multiple sub arterial phases. This se-
quence also has a very thin thickness, which is conducive to
the display of small lesions.

Among the 33 liver lesions that underwent imaging in this
study, no best lesion visualization to parenchyma contrast en-
hancement cases occurred in the first subphase of the five sub-
phases of the MA-CDT-VIBE sequence. There were 6.1% of such
cases that occurred in the second subphase, 18.1% of these
cases occurred in the third subphase, 27.3% of the cases oc-
curred in the fourth subphase (ESAP), and 48.5% of the cases
occurred in the fifth subphase. Therefore, increased proximity
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to the later subphases corresponded with better lesion display.
In the images obtained by our MA-CDT-VIBE sequence, some of
the images showed significant respiratory artifacts, and great-
er proximity to the later subphases corresponded to more se-
vere respiratory artifacts. The CD-VIBE technique, which does
not include the TWIST (view-sharing strategy) technique, has
been shown to have a relatively low temporal resolution and
spatial resolution. However, this technique shows smaller re-
spiratory artifacts than those shown using the CDT-VIBE tech-
nique [17]. Reading the complete K-space information only dur-
ing the first data acquisition is a key technology of the TWIST
sequence [25]. Therefore, if breathing motion occurs at the
time of the first data acquisition, subsequent data acquisi-
tion will be affected, and the overall image quality will be re-
duced. As a result, the view-sharing technique does not apply
to patients who do not cooperate with the radiation techni-
cian’s instructions in terms of breathing.

The results of the present study showed that the MA-CDT-
VIBE sequence enabled the identification of 9% (one reading)
and 12% (two readings) more lesions than the ESAP sequence.
The best visualization of the arterial phase/hepatic paren-
chyma contrast enhancement was observed in all subphases
except for the first arterial subphase. The extra arterial sub-
phase of the MA-CDT-VIBE sequence allows its superior perfor-
mance over the standard arterial phase sequence in capturing
the optimal contrast phase in the display of the enhancement
foci. Also, more lesions can be displayed in multiple consecu-
tive phases compared to a single arterial phase. The MA-CDT-
VIBE sequence used in this study had a scan time of 20 s and
a time resolution of 2.8 s with five subphases. Although we
can obtain more arterial subphases by increasing the breath-
hold time, as in a previous study [12], the MA-CDT-VIBE se-
quence used had a temporal resolution of 2.1 s, resulting in 14
arterial subphases. However, increasing the breath-hold time
can lead to respiratory motion artifacts in the following arte-
rial subphase and even in the following portal arterial phase
and delayed phase, affecting the image quality of each se-
quence of the dynamic contrast-enhanced scan and possibly
reducing the diagnostic rate of the whole MRI scan sequence.
Considering that most patients with primary liver cancer have
a lower breath-holding capacity after microwave ablation com-
pared to healthy people, these results suggest that the MA-
CDT-VIBE sequence with a scan time of 20 s, a time resolu-
tion of 2.8 s, and five subphases was a reasonable, effective
sequence for the detection and diagnosis of enhanced nod-
ules in cirrhotic livers (Figures 1, 2).

According to the modified Response Evaluation Criteria in Solid
Tumors (m RECIST), the precise timing of the arterial phase is
more important than adequate evaluation of treatment effi-
cacy [26]. Conventional dynamic contrast-enhanced methods
lack the display of images 25-30 s before the inflow of blood
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containing the contrast agent, which prevents observation of
the dominant phase of the hepatic arteries. At present, the sta-
tus of some hepatic arterial lesions can be obtained by fluo-
rescence detection. In contrast, the MA-CDT-VIBE technique,
a noninvasive method with multiple subtypes of arteries, pro-
vides more arterial information, especially for smaller cirrhot-
ic nodules, HCC, and residual and recurrent lesions after sur-
gery [27,28]. By applying the MA-CDT-VIBE sequence to the
detection of focal liver lesions, Kazmierczak et al. showed that
the MA-CDT-VIBE sequence could detect more lesions than the
standard arterial phase, especially hypervascular lesions such
as HCC, small foci of HCC, and liver metastases [16]. The use
of the MA-CDT-VIBE sequence also facilitates detection of liv-
er metastases without continuous enhancement, which may
help influence and guide the choice of treatment regimens [29],
because the enhancement of a lesion can be compared across
multiple temporal subtypes of the arterial phase, resulting in
a dynamic display of the arterial phase sequence images. This
explanation is also consistent with the observations in this
study. In this study, the MA-CDT-VIBE sequence was used to
detect and diagnose enhanced cirrhotic nodules and small foci
of HCC, and the results showed that more lesions were identi-
fied in this sequence than in a single standard arterial phase.

This study had several limitations. First, we treated the fourth
subphase of the arterial phase of the MA-CDT-VIBE sequence
as a single standard arterial phase and evaluated the applica-
tion of the MA-CDT-VIBE sequence in enhanced cirrhotic nod-
ules and small foci of HCC using an internal validation method.
However, the fourth subphase is not strictly consistent with
the standard arterial phase. As previously mentioned, more
obvious parallel acquired noise (PAT artifacts), and respiratory
movement artifacts occur in this subphase. However, if we
want to compare the MA-CDT-VIBE sequence with a real sin-
gle arterial phase, a patient must undergo two enhanced MRI
scans in a short period and receive two contrast agent injec-
tions, which is neither feasible nor in line with ethical princi-
ples. Second, because the objective of the present study was
to determine whether more lesions were found in the MA-
CDT-VIBE sequence than in the standard single-phase arte-
rial scan, the nodules were not all histologically confirmed,
and only a complete set of MRI scans were used as the stan-
dard. Third, this study did not strictly limit the type of lesions.
Future studies should focus on one type of lesion to further
accurately investigate the diagnostic advantages and clinical
applications of the MA-CDT-VIBE sequence.

Conclusions

This study aimed to compare the use of routine liver mag-
netic resonance imaging (MRI) sequences with the multi-arte-
rial CAIPIRINHA-Dixon-TWIST-volume-interpolated breath-hold
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examination (MA-CDT-VIBE) sequence to identify dysplastic liv-
er nodules in patients with liver cirrhosis. The MA-CDT-VIBE se-
quence of MRI liver imaging improved the detection of dysplas-
tic nodules in cirrhosis of the liver compared with routine liver
MRI sequences. The MA-CDT-VIBE sequence with five arterial
subphases in one breath-hold had high temporal and spatial
resolution, and had a technical advantage in the detection of
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