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Abstract: The advent of disease evaluation by means of multi-slice spiral computed
tomography (MSCT) and magnetic resonance imaging (MRI) represents a continually
emerging role in the evaluation of various diseases; however, its role is yet to be adequately
defined. Thus, the aim of the study was to compare the diagnostic value of MSCT and MRI
in the diagnosis of peritoneal metastasis in primary ovarian carcinoma. Between January
2013 and December 2015, MSCT or MRI data were collected from 42 patients who had been
previously diagnosed with peritoneal metastasis of ovarian carcinoma at the First Affiliated
Hospital of Kunming Medical University. The tumor location, size, edge, and shape were all
evaluated independently by three qualified imaging physicians using a double-blind method
to confirm whether the patients were indeed suffering from peritoneal metastasis, as well as
to rank the metastatic lesions recorded on a five-point scale. It was hypothesized that MRI
and MSCT were comparable in the evaluation of ovarian carcinoma. Therefore, a receiver
operating characteristics (ROC) curve was used to analyze the results and also to directly
compare the respective diagnostic values of MSCT and MRI. In total, 165 metastatic lesions
were confirmed by means of surgical operation. MSCT revealed 131 metastatic lesions, while
MRI confirmed 154 metastatic lesions. The metastatic sites were primarily located on the
subphrenic, epiploon, and gastrocolic ligaments and were further confirmed by either MRI or
CT. In regard to MSCT, the most common site of underdiagnoses was in the vicinity of the
uterus—rectum—fossa. MRI displayed a high detection rate in every site. The omission diagnostic
rate of MSCT and MRI were 20.61% and 6.67%, respectively, while the accuracy rates were
79.39% and 93.33%, respectively. The obtained results revealed that the MSCT value of area
under the ROC curve was smaller than that for MRI. Our findings provided evidence asserting
that MRI, in comparison to MSCT, was more accurate in diagnosing peritoneal metastasis in
patients with ovarian carcinoma.

Keywords: multi-slice spiral computed tomography, magnetic resonance imaging, ovarian
carcinoma, peritoneal metastasis, accuracy, omission diagnostic rate, ROC curves

Introduction

The incidence and prevalence of ovarian carcinoma continues to grow at an alarming
rate. At present, it represents the sixth most common malignancy in females. Ovarian
carcinoma is a cancer that manifests itself in an ovary, occurring in abnormal cells that
can invade or spread to other parts of the body."? Previous reports previously in 2012
indicated that ovarian carcinoma affected approximately 239,000 women, resulting in
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152,000 deaths worldwide.! Approximately 20% of patients
with stage [ and stage II ovarian carcinoma may suffer from
arecurrence within a 5-year period. Additionally, the 5-year
survival rate of patients in stage III and stage IV remain at
extremely low figures.’* Many risk factors have been asso-
ciated ovarian carcinoma including hormones, genetics,
as well as environmental factors.>® While the majority of
ovarian carcinoma recurrences present within the abdomen,
peritoneal metastasis remains one of the leading causes of
morbidity and mortality for ovarian carcinoma.” Patients
with ovarian carcinoma with peritoneal metastasis gener-
ally have poor prognosis, which consequently results in the
use of fewer therapeutic approaches.®® Early stage ovarian
carcinoma symptoms of peritoneal metastasis are generally
nonspecific, which subsequently allows for frequent misdi-
agnoses as well as underdiagnoses. Thus, ovarian carcinoma
is rarely diagnosed correctly until it spreads and advances
to later stages.

Magnetic resonance imaging (MRI) is a medical imaging
technique widely used in radiology to image the physiological
processes and anatomy of the body in disease and health,
through the application of field gradients, strong magnetic
fields, and radio waves to construct images of the body.!*!
MRI plays an important role in the diagnosis and treatment
of many human diseases, as well as in reducing the risks
involved with exposure to ionizing radiation.'>"* However,
MRI may, in certain situations, be unfavorable for patients,
due to its time-consuming, claustrophobia-exacerbating, and
expensive nature.'* Computed tomography (CT) scans are
relatively associated with patient exposure to high radiation;
however, it remains an important contributory tool for popu-
lation doses.”> Multi-slice spiral CT (MSCT) was devised
in order to improve the diagnoses of diseases by X-rays and
medical ultrasonography, and has since had a progressively
wider use in screening for disease as well as for purposes of
preventive medicine.'® The radiation used in MSCT scans
can destroy body cells and DNA molecules, leading to
cancer.'® Both MSCT and MRI have been widely used in
the diagnosis of human diseases and a variety of cancers.!*?
However, the diagnostic values of MSCT and MRI with
regard to peritoneal metastasis in patients with primary
ovarian carcinoma is still largely debated.?! Therefore, this
study was conducted using MSCT and MRI, retrospectively
analyzed, and compared the imaging features of 42 patho-
logically confirmed patients with ovarian carcinoma with
peritoneal metastasis, in order to explore the diagnostic value
of both MSCT and MRI in relation to peritoneal metastasis
in primary ovarian carcinoma.

Materials and methods

Ethical statement

The study was approved by the Institutional Review Board of
the First Affiliated Hospital of Kunming Medical University.
Written informed consent documentation was signed by all
study participants.

Study subjects

Fifty-one patients diagnosed with ovarian carcinoma, who
were yet to undergo radiotherapy, chemotherapy, and any
other adjuvant therapies at the First Affiliated Hospital of
Kunming Medical University, were enrolled into the study
between January 2013 and December 2015. Forty-two
patients were confirmed to have peritoneal metastasis by
means of both surgical operation and pathology. The included
patients underwent MSCT and MRI scanning 1 week prior
to surgery.

Multi-slice spiral CT scanning

A lightspeed 16-slices spiral CT scanner (GE Health Care,
MA, USA) was employed for patient examination purposes,
at 120kV as well as 300 mA. Slice thickness was 0.5 mm, and
pitch was 0.375 mm. The scanning region was in the vicinity
of the lower abdomen, including the entire pelvic region,
until 14.0-20.0 cm below the iliac spine. A whole-abdominal
dual-phase enhanced scanning was performed following
plain scanning, and a non-ionic contrast agent (1.5-2.0 mL/kg
iohexol; 300 mgl/mL, Guangzhou Schering Pharmaceutical
Ltd., Guangzhou, People’s Republic of China) was injected
with a CT injector system (Medrad Vistron CT injection
system, Medrad Inc., Indianola, PA, USA) via the vena
brachialis at a flow rate between 2.5-3 mL/s. In regard to the
delay time of CT scanner, there were a delay of 25-30 s at
the arterial phase and a delay of 55—65 s at the venous phase.
All CT data were transferred to the Advantage workstation,
followed by multi-planar reconstructions (MPR) for tumor
metastasis observation.

MRI scanning

All MRI experiments were conducted using a 1.5-T HDXT
MRI scanner (GE Health Care, MA, USA). A phased-array
body coil was used for abdominal scanning. The scanning
parameters of the MRI scanner were as follows: T1-weighted
imaging (T1WI)/turbo-spin-echo (TSE) [repetition time
(TR): 520 ms; echo time (TE): 12 ms]; T2-weighted imaging
(T2WI)/TSE (TR: 1,300 ms; TE: 92 ms). Furthermore, a fat-
suppressed technique was used in all of the examinations con-
ducted. The scanning parameters of the diffusion-weighted
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imaging (DWI) included: TR: 4,100 ms; TE: 80 ms; matrix:
256x160; slice thickness: 6 mm, slice gap: 2 mm. The scan-
ning parameters of the dynamic contrast-enhanced mag-
netic resonance imaging (DCE-MRI) were as follows: TR:
4.4~4.8 ms; TE: 1.8-2.2 ms; TI: 5.0 ms; bandwidth: 62.5 Hz;
flip angle: 15°; Fov: 36—40 cm; matrix: 256x192; NEX:
0.71-0.74; slice thickness: 3 mm, slice gap: 1 mm. A contrast
agent (0.1-0.2 mmol/kg gadolinium diethylene triaminepenta
acetate (Gd-DTPA); Guangzhou Schering Pharmaceutical
Ltd., Guangzhou, People’s Republic of China) was injected
intravenously at a flow rate of 3.5 mL/s, and the injection
time was about approximately 6 s. Next, an enhanced scan
ofthe axle location, coronal, and arrow was undertaken. The
signal collecting time was 6, 60, and 120 s, respectively. The
total time was approximately 240 s.

Imaging analysis

Both the MSCT and MRI results were analyzed and recorded
by three qualified imaging physicians via the double-blind
method. The main observations included the unilateral and
bilateral ovarian tumor, tumor size (the maximum of diameter
axial), the edge, the shape, the number of housing allocation,
the signal (low and high signals were divided by the signal
strength near the myometrium), and the degree of enhance-
ment. The analyzed sites included the subphrenic, subhepatic,
paracolonic gutter, epiploon, and gastrocolic ligaments; the
mesenterium, uterus—rectum—fossa, and uterine and ovarian
ligament were all evaluated in order to confirm the occurrence
of peritoneal metastasis. Evaluation criteria were determined
by the involvement and infiltration of the primary sites of
ovarian carcinoma, peritoneal metastasis, as well as the
patient’s respective organs. Results were compared with
both the surgical and pathological findings in order to inves-
tigate the MSCT and MRI scanning indicators of peritoneal
metastasis in ovarian carcinoma. The metastatic lesions were
scored on a five-point scale: no represented 1 point; 2 points
for possibly not; 3 points for not sure/uncertainty; 4 points
for possible; and, finally, 5 points for yes.

Statistical analysis

Statistical analyses were conducted using the SPSS 21.0
(IBM Corp. Armonk, NY, USA). Measurement data were
presented as mean * standard deviations; #-tests were used
for comparisons between the diagnostic values of MSCT and
MRI. The categorical data were analyzed by means of a j° test
or Fisher’s exact test. The receiver operating characteristics
(ROC) curves were used to analyze the results of MSCT
and MRI, and calculate the value of area under the ROC

curve (AUC) in order to compare the differences between
the various examination methods. All statistical tests were
two-sided probability tests. P<<0.05 was considered to be
statistically significant.

Results
Surgical and pathological findings
of peritoneal metastasis of ovarian

carcinoma

Diagnoses of 42 patients with ovarian carcinoma were con-
firmed by means of surgical operation and histopathology.
Ages ranged between 31 and 82 years, with an average age
of 50.81%£15.79 years, while the average body mass index
(BMI) was 23.4243.94. There were 29 premenopausal
and 13 postmenopausal patients. Clinical manifestations
of these patients included abnormal menstruation (eight
patients), abdominal pain and distension (21 patients),
and other abnormal conditions determined during physical
examination (13 patients). Among the 42 patients, 22 were
diagnosed with papillary cystic adenocarcinoma, six patients
had serous adenocarcinoma, seven patients had papillary
adenocarcinoma, four patients had moderately differenti-
ated adenocarcinoma, two patients had poorly differenti-
ated adenocarcinoma, and one patient had endometrioid
adenocarcinoma. The sites and diameter size of the 165
metastatic lesions that were confirmed by surgical operation
and histopathology are illustrated in Table 1.

MSCT imaging features in peritoneal
metastasis of ovarian carcinoma

One hundred and sixty-five metastatic lesions were confirmed
during surgery in 42 cases of ovarian carcinoma. MSCT con-
firmed 131 metastatic sites, including 51 cases with diameter

Table | Sites and diameter size of metastatic lesions confirmed
by surgical operation and pathology

OncoTargets and Therapy 2018:1 |

Metastatic sites Diameter Diameter Average
size <5 mm  size =5 mm  diameter
Subphrenic 15 13 5.23%1.55
Subhepatic 2 8 5.57£1.07
Paracolonic gutter 9 5 4.95£1.79
Epiploon and 7 19 5.74£1.69
gastrocolic ligament
Mesenterium 0 15 6.31£0.99
Uterus—rectum—fossa 10 20 5.51£1.53
Uterine and ovarian 2 7 6.00+1.43
ligament
Other 15 18 5.15+1.89
Total 60 105 5.48%1.61
submit your manuscript I 089
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Table 2 Comparison of the metastatic sites between surgical operation and MSCT scans

Metastatic sites MSCT (positive)

MSCT (negative)

Diameter Diameter Ascites Diameter Diameter Ascites

size <5 mm size =5 mm size <5 mm size =5 mm
Subphrenic 15 12 25 0 | 0
Subhepatic 2 7 9 0 | 0
Paracolonic gutter 8 4 12 | | |
Epiploon and gastrocolic ligament 6 16 17 | 3 |
Mesenterium 0 Il 8 0 4 |
Uterus—rectum—fossa 9 16 21 | 4 2
Uterine and ovarian ligament 2 5 6 0 2 2
Other 9 9 5 6 9 4
Total 51 80 103 9 25 Il

Abbreviation: MSCT, multi-slice spiral computed tomography.

less than 5 mm and 80 cases with diameter greater than
5 mm. The average diameter was 5.44+1.68 mm, while the
maximum diameter of the metastatic site was 10.92 mm.
The area and size of metastatic sites and the relation between
metastasis and adjacent ascites on MSCT scans are depicted
in Table 2. Among the 131 metastatic sites, 103 metastatic
sites presented in combination with ascites. Metastatic
sites were primarily located on the subphrenic (Figure 1A),
epiploon, and gastrocolic ligaments (Figure 1B), and in
the uterus—rectum—fossa region (Figure 1C). However, 34
metastatic lesions were undetected by MSCT, nine of which
had a diameter less than 5 mm, and 25 with a diameter more
than or equal to 5 mm. The most common site of MSCT
underdiagnoses was in the uterus—rectum—fossa region.

MRI features in peritoneal metastasis of
ovarian carcinoma

One hundred and fifty-four metastatic sites were confirmed by
means of MRI, with 54 cases and 165 lesions during surgery,
with a diameter less than 5 mm and 100 with a diameter greater
than 5 mm. The average diameter was 5.51%1.62 mm and the
maximum diameter of the metastatic site was 10.92 mm.
Both the location and size of the metastatic sites, as well as

the relationship of metastasis and adjacent ascites on MRI
scans are displayed in Table 3. The main manifestations of
peritoneal metastatic sites detected by means of MRI included
irregular linear thickening of the peritoneum (Figure 2A),
fouling thickening or biscuit-like formations of the epiploon
(Figure 2B and C), the smudged appearances of the mesentery
(Figure 2D), as well as plaques and nodular changes in the
abdominal soft tissue (Figure 2E). Among the 154 metastatic
sites, 108 presented in combination with ascites. The main
metastatic sites that were confirmed by MRI were the same
as those detected by MSCT. In total, 11 metastatic sites were
undetected by MRI —six cases with diameter less than 5 mm,
and five with diameter greater than or equal to 5 mm. MRI
exhibited a high detection rate in every site.

Diagnostic value of MSCT and MRI

in peritoneal metastasis of ovarian
carcinoma

Results of MSCT and MRI in relation to the diagnoses of
peritoneal metastasis in ovarian carcinoma are shown in
Table 4. The omission diagnosis rate of MSCT and MRI were

20.61% and 6.67%, respectively, while the rates of accuracy
were 79.39% and 93.33%, respectively (both P<<0.05).

Figure | The main manifestations of peritoneal metastasis of ovarian carcinoma detected by MSCT scans.

Notes: (A) Stage lll ovarian carcinoma (the right side): multiple metastatic sites were presented in subphrenic, with a maximum diameter of about 8.08 mm. (B) Stage III
ovarian carcinoma (the right side): metastasis in epiploon, similar to biscuits, with a maximum diameter of approximately 10.92 mm. (C) Stage Il ovarian carcinoma (the right
side): calcified metastasis presented in the uterus—rectum—fossa, with a diameter of approximately 7.82 mm.

Abbreviation: MSCT, multi-slice spiral computed tomography.
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Table 3 Comparison of the detection of metastatic sites between surgical operation and MRI

Metastatic sites

MRI (positive)

MRI (negative)

Diameter Diameter Ascites Diameter Diameter Ascites

size <5 mm size =5 mm size <5 mm size =5 mm
Subphrenic 12 Il 22 3 2 3
Subhepatic | 8 8 | 0 |
Paracolonic gutter 9 5 13 0 0 0
Epiploon and gastrocolic ligament 6 19 17 | 0 |
Mesenterium 0 14 9 0 | 0
Uterus—rectum—fossa 10 20 23 0 0 0
Uterine and ovarian ligament 2 7 8 0 0 0
Other 14 16 8 | 2 |
Total 54 100 108 6 5 6
Abbreviation: MRI, magnetic resonance imaging.
The ROC curves were used to analyze the results of MSCT  Discussion

and MRI (Figure 3). The result showed that the AUC of
MSCT was smaller than that of MRI (P<<0.05). This result
suggested that MRI had a stronger diagnostic rate with regard

to peritoneal metastasis of ovarian carcinoma when compared

with that of MSCT.

During this study, we retrospectively analyzed and com-
pared the MSCT and MRI features of patients with ovarian
carcinoma with peritoneal metastasis. Our results revealed
that 165 metastatic lesions were confirmed by surgery, 131
metastatic lesions confirmed by MSCT, while 154 metastatic

Figure 2 The main manifestations of peritoneal metastasis of ovarian carcinoma detected by MRI.

Notes: (A) Stage Il bilateral ovarian carcinoma: the arrow indicates the irregular thickening of the peritoneum. (B) Stage Ill ovarian carcinoma; the arrow indicates caked
thickening in epiploon. (C) A high signal of DWIBS; the arrow indicates caked thickening in epiploon. (D) Stage Ill ovarian carcinoma: the arrow indicates the smudged
appearances of the mesentery of the small intestine, combined with multiple lymphadenectasis. (E) Stage Il ovarian carcinoma: the arrow indicates the right diaphragmatic
peritoneum is presented in nodules and plaques.
Abbreviations: DWIBS, diffusion-weighted whole-body imaging with background body signal suppression; MRI, magnetic resonance imaging.

OncoTargets and Therapy 2018:1 |

submit your manuscript 1091
Dove


www.dovepress.com
www.dovepress.com
www.dovepress.com

Guo et al

Dove

Table 4 Comparison of omission diagnosis rate and accuracy
between MSCT and MRI

Metastatic sites Omission Accuracy (%)

diagnosis rate

(%)

MSCT MRI MSCT MRI
Subphrenic 0.6l 303 99.39 96.97
Subhepatic 0.6l 0.6l 99.39 99.39
Paracolonic gutter 1.21 0.00 9879 100.00
Epiploon and gastrocolic ligament ~ 2.42 0.61 97.58 99.39
Mesenterium 242 0.61 97.58 99.39
Uterus—rectum—fossa 3.03 0.00  96.97 100.00
Uterine and ovarian ligament 1.21 0.00 9879 100.00
Other 9.09 1.82 9091 98.18
Total 20.61 6.67%  79.39 93.33%

Note: *Indicating the comparison of the results on the same MSCT scan, P<<0.05.
Abbreviations: MSCT, multi-slice spiral computed tomography; MRI, magnetic
resonance imaging.

lesions were confirmed by MRI. The omission diagnosis rate
of MSCT was observed to be higher than that of MRI in
addition to exhibiting a superior accuracy rate. These results
suggest that MRI has a better diagnosis rate in diagnosing
peritoneal metastasis of ovarian carcinoma in comparison
with MSCT.

Peritoneal metastasis is commonly observed in the
stomach, gallbladder, pancreas, lung, intestinal, uterus, and
ovary.?>?* Peritoneal metastasis has been highlighted due
to its widespread recurrence pattern for many malignancies
that have a particularly high recurrence rate, which may lead
to a decline in the quality of life and worsening prognoses.’

ROC curve
1.0
0.8 4
2 06
2
b
7]
g 0.4
S 04+
Curve source
0.2 4 — MSCT Az =0.897
— MRI Az =0.967
Reference line
0.0 T T T T
0.0 0.2 0.4 0.6 0.8 1.0

1 - specificity

Figure 3 The receiver operating characteristics (ROC) curve on peritoneal
metastatic lesions of patients with ovarian carcinoma that were detected by multi-
slice spiral computed tomography (MSCT) and magnetic resonance imaging (MRI).
Abbreviation: Az, area under the curve.

The most common findings of metastatic sites are generally
represented by ascites; greater omentum and mesenteric
involvement; serosal and parietal peritoneal implants, with
liver metastasis; and/or lymphadenopathies as accessory
findings.?> Based on our research, previous studies have
mostly indicated that MSCT still remains the most important
and valuable imaging method among certain diseases.?*?’
A previous study reported the main advantage of MSCT
to be the rapid scanning speed as well as its wide scan-
ning coverage.?® On the other hand, a previous study has
demonstrated the sensitivity of peritoneal metastasis detec-
tion in relation to CT techniques as being largely limited in
patients with advanced stages of gastric cancer.”? Mabille
et al also indicated CT has a lower detection rate for perito-
neal metastases and is not sufficient to diagnose metastasis
of soft tissues.*® Compared with the MSCT, MRI is used in
clinics and hospitals for diagnosing human diseases, which
may clearly present the soft tissues and pelvic cavity of the
human body.**2 In our study, the main metastatic sites were
located on the subphrenic, epiploon, and the gastrocolic liga-
ments, and were detected by MRI and MSCT. Meanwhile,
we detected that the omission diagnosis rate of MSCT was
approximately 20%, with the most common site of MSCT
underdiagnoses being the uterus—rectum—fossa region.
Both MSCT and MRI can diagnose peritoneal metastasis
in patients with ovarian carcinoma; however, our findings
suggested that the MRI technique maintains superior accu-
racy over that of MSCT in diagnosing peritoneal metastasis
of ovarian carcinoma. A previous study demonstrates the
accuracy of MRI in the detection of ovarian carcinoma as
being between 78% and 88%, and the accuracy of CT is
between 53% and 92%.% Peritoneal metastasis, with larger
tumor diameters, can be detected by MRI, but may be missed
on CT scans, suggesting that MRI may be better than CT in
evaluating peritoneal metastasis in various cancers.*** In the
present study, both MSCT and MRI presented false negatives
in their respective diagnoses of peritoneal metastasis in
patients with ovarian carcinoma. A total of 34 metastatic
lesions were undetected by MSCT and 12 metastatic lesions
were undetected by MRI. In MSCT imaging features, there
were nine metastatic lesions with a diameter less than 5 mm
that had been underdiagnosed, and 25 with metastatic lesions
having a diameter more than or equal to 5 mm were under-
diagnosed. The accuracy of MSCT was significantly lower
than that of MRI, and the results of the ROC curve revealed
the AUC of MSCT as being smaller than that of MRI. This
result suggested that, when compared with MSCT, MRI has
a better diagnosis rate in diagnosing peritoneal metastasis
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of ovarian carcinoma. However, the high accuracy of both
MSCT and MRI can be drawn mainly down to the small
sample size and cohort studies; thus, larger sample sizes are
required to confirm our findings.

Conclusion

Both MSCT and MRI are capable of diagnosing peritoneal
metastasis in patients with ovarian carcinoma; however,
MRI possesses superior diagnostic value in identification
of peritoneal metastasis in patients with ovarian carcinoma.
Moreover, the accuracy of MRI is also higher than that of
MSCT, which may represent a noninvasive, reliable, and
effective method for the diagnosis of peritoneal metastasis
in patients with ovarian carcinoma.
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