Diagn Interv Radiol 2014; 20:9-16

© Turkish Society of Radiology 2014

ORIGINAL ARTICLE

Tumor feeding artery reconstruction with multislice spiral CT in the
diagnosis of pelvic tumors of unknown origin

Hai-Jing Hu*, Yong-Wen Huang*, Ying-Chang Zhu

PURPOSE

We aimed to compare multislice spiral computed tomogra-
phy (MSCT) angiography diagnosis with both surgical find-
ings and postoperative pathological results in patients with
pelvic tumors of unknown origin. In addition, the diagnostic
accuracy of MSCT angiography was compared with that of
routine computed tomography for tumor feeding artery vol-
ume reconstruction to determine the origin and nature of
pelvic tumors.

MATERIALS AND METHODS

The records of 43 patients with pelvic tumors of unknown or-
igin who underwent MSCT angiography were retrospectively
reviewed. Volume reconstructions using add vessel and merge
views methods were performed for abdominal and pelvic
blood vessels. The tumor origin was identified based on ob-
servations of the origin, number, morphology, starting/ending
locations, route, and distribution of the tumor feeding arteries.

RESULTS

Overall, the mean tumor diameter was 9.8+3.5 cm (range,
4.2-23.5 cm); 11 tumors (25.6%) were cystic in nature; and
32 tumors (74.4%) were either solid/cystic or solid in nature.
When considering all MSCT angiography examinations used
to predict the nature of the tumor (e.g., malignant or be-
nign), the sensitivity and specificity were 77.3% and 95.2%,
respectively. The positive and negative predictive values were
94.4% and 80%, respectively. The overall diagnostic accura-
cy was 86.05% with an area under the curve of 0.961 (95%
confidence interval, 0.913-1.000).

CONCLUSIONS

MSCT angiography volume reconstruction for pelvic tumor
feeding arteries of unknown origin is highly valuable for lo-
calization, qualitative diagnosis, and quantitative diagnosis of
pelvic tumors.
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rimary pelvic tumors of unknown origin often have an insidious

onset and atypical symptoms. Conventional computed tomogra-

phy (CT) diagnosis relies on the anatomical position and spatial
relationship between adjacent organs. Therefore, this modality has a
low (55%) diagnostic accuracy (1-3). In contrast, multislice spiral CT
(MSCT) angiography is a noninvasive and comprehensive method for
evaluating pelvic tumors of unknown origin, and use of this method
could improve visualization of the small blood vessels as well as the
quality of vascular imaging in such tumors (4). MSCT angiography re-
constructs tumor feeding arteries using the add vessel (AV) method; and
provides visualization of the three-dimensional spatial relationship be-
tween the tumor, tumor feeding arteries, and adjacent organs and large
blood vessels using the merge views (MV) method. This ensures both an
accurate and reliable display of the pelvic tumor feeding arteries.

In recent years, the application of multislice spiral CT has improved
the rate of diagnostic accuracy in pelvic tumors (5). MSCT angiogra-
phy is mainly used to evaluate the blood vessels of clearly diagnosed
abdominopelvic tumors prior to surgery (6). However, few reports exist
describing the use of MSCT AV and MV volume reconstruction to deter-
mine pelvic tumor feeding artery origins, identify benign or malignant
tumors, and differentiate between primary or secondary tumors. Some
individuals recommend using magnetic resonance angiography for im-
aging pelvic tumor feeding arteries (7), even as MSCT angiography is
emerging as the diagnostic tool of choice.

In fact, an increasing number of studies have demonstrated the impor-
tance of diagnostic imaging for determining the nature of pelvic tumors.
MSCT angiography has an emerging clinical role in vascular imaging. It
has potentially significant advantages over conventional angiography
and CT scans in pelvic tumor diagnosis, especially with regard to differ-
entiating between benign and malignant disease states and assisting in
disease management (8-12).

The purpose of this study was to compare diagnoses made using MSCT
angiography with both surgical findings and postoperative pathological
results in patients with pelvic tumors of unknown origin. In addition,
the diagnostic accuracy of MSCT angiography was compared with that
of routine CT for tumor feeding artery volume reconstruction to deter-
mine the origin and nature of pelvic tumors.

Materials and methods
Subjects

In this retrospective study, the records of patients diagnosed with pel-
vic tumors of unknown origin who received precontrast, arterial phase,
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and venous phase imaging between
May 2007 and November 2010 were re-
viewed. Inclusion criteria included pre-
liminary diagnosis of pelvic tumors of
unknown origin and postop/postbiop-
sy diagnostic confirmation of the pel-
vic tumors. This study was approved by
the Institutional Review Board of Nan-
hai Hospital, and the requirement of
patient informed consent was waived
due to the retrospective study design.

Imaging protocol and postprocessing

A 64-row multidetector spiral CT
scanner (GE LightSpeed Ultra multi-
detector spiral CT scanner, GE Medical
Systems, Milwaukee, Wisconsin, USA)
was used. Each patient received a sin-
gle CT scan, in which they underwent
precontrast, arterial phase, and venous
phase imaging. The range of the scan
was from the top of the diaphragm to
the pubic symphysis. The scan param-
eters were 120 kV, 160-180 mAs, with
a slice thickness of 5 mm, slice interval
of 5 mm, reconstructed section thick-
ness of 1.25 mm, and a reconstruction
interval of 0.625 mm. Individuals were
injected with 90-100 mL of the non-
ionic contrast agent iopamidol 300 mg
L/mL (Iopamiro, Bracco S.P.A., Milano,
Italy) at an injection rate between 3.5-
4.0 mL/s. The scan delay times in the
arterial and venous phases were 25-32
s and 60-90 s, respectively. Tumor
staining was indicated by both tumor
neovascularization and the concen-
tration of the contrast agent in the tu-
mor vasculature. The median radiation
dose (plain+contrast-enhanced scan)
was 1586 mGy.cm (range, 1386.87-
1986.21 mGy.cm). The radiation dose
was in accordance with internationally
accepted CT dosage regimens.

Initially, multiplanar reconstruction
was used in combination with the orig-
inal enhanced axial images to prelim-
inarily determine both pelvic tumor
position and morphology. Simultane-
ously, AV and MV volume reconstruc-
tion were utilized for postprocessing of
images (Advantage Window 4.3 Work
Station, Sun Microsystems, Mountain
View, California, USA). The original
enhanced images were used to locate
the cross-section of the tumor feeding
arteries in the source image; this was
recognized as the imaging threshold.

The AV method was used to generate
blood vessels with the same threshold;
these were tracked using the density of
the source blood vessels. The following
vascular volume reconstruction imag-
es were reconstructed: tumor feeding
arteries and their branches, the collat-
eral feeding artery, and the abdominal
aorta with its branches. The display
parameters (window width, window
level, transparency, brightness, and
color) for the three reconstructed im-
ages were adjusted. Finally, MV vol-
ume reconstruction was used for the
image display to accurately describe
the anatomical relationship between
the tumor feeding arteries, surround-
ing blood vessels, and the tumor itself.

Image analysis

Two senior radiologists specializing
in CT angiography were blinded to the
pathology reports and independently
interpreted the routine MSCT angiog-
raphy images. If a discrepancy arose,
they arrived at a consensus after joint
review of the images. The following
types of pelvic tumors of unknown
origin were included in the study: pri-
mary nonpelvic origin tumors, small
pelvic origin tumors, and exogenous
or ectopic pelvic tumors. The crite-
ria for differentiating between benign
and malignant tumors using CT imag-
es obtained in a standard CT protocol
(plain+contrast-enhanced) were based
on standard definitions (13).

Tumor staining and the route of feeding
arteries and newly formed vessels

Tumor staining refers to both neovas-
cularization in and around the tumor,
as well as the concentration of con-
trast agent in the tumor vasculature. It
is represented by the increased mean
three-dimensional pixel value within
the tumor (i.e., CT value in Hounsfield
Units [HU]) after MSCT angiography
when compared with the CT value
of the same area in routine CT imag-
es (i.e., plain+contrast-enhanced CT).
The attenuation value was evaluated
in reformatted images relative to the
arterial phase. Arterial phase data were
used to calculate tumor staining. The
tumor staining classification is pre-
sented in Supplemental Table 1.
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The feeding artery and newly formed
vessel routes were classified by vessel
distributions. A regular route was de-
fined as a tumor feeding artery trav-
elling along the tumor edge, clearly
outlining the tumor contour with
uniform intratumoral vascular distri-
bution and a clearly displayed tumor
profile. An irregular route was defined
as a tumor feeding artery that did not
completely outline the tumor contour,
with uneven intratumoral vascular dis-
tribution and only partially displayed
tumor profile.

The origin, number, morphology,
starting/ending locations, route, and
distribution of the tumor feeding ar-
tery were observed after abdominopel-
vic blood vessel reconstruction. The
diagnostic criteria based on the tumor
feeding artery included a thickened
feeding artery with a trunk or branch
entering the tumor and a mesh-like
or radial vessel distribution, morpho-
logically distributed around the tumor
edge (Supplemental Table 2) (14).

Statistical analysis

Patient age and tumor diameters
were summarized using meantstan-
dard deviation or median with (range,
minimum-maximum) if the data were
not normally distributed. The tumor,
resection types, origin, and tumor feed-
ing artery characteristics displayed by
MSCT angiography were given as num-
bers (n) for a given specific tumor type.
The MSCT angiography examination
measurements between postoperative
pathology-based diagnosis (i.e., benign
and malignant in nature) were com-
pared using a Mann-Whitney U test
due to the ordinal or non-normally
distributed data. Univariate and multi-
variate logistic regression analysis was
performed to evaluate the diagnostic
accuracy of MSCT angiography. The
receiver operating characteristic curve
with respective area under the curve
(AUC) at a 95% confidence interval
(CI) was calculated, as were the accura-
cy rate, sensitivity, specificity, positive
predictive value (PPV), and negative
predictive value (NPV). The diagnostic
accuracy of routine CT scans was sum-
marized as n (%), by the nature of CT
examination. All statistical assessments
were considered two-tailed, and the
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Table 1. Demographic and clinical data, and origin of tumor feeding arteries with respect to tumor type determined by MSCT angiography (n=43)

Tumor type
Primary Metastatic Exogenous
ovarian ovarian uterine Colon Neurogenic  Embryoblastic
Variables tumor tumor tumor tumor tumors tumor Lymphoma Total
n 23 3 3 6 4 3 1 43
Age (years) 60.7+9.0 (39-76) 69 (68-75) 57 (51-60) 66 (43-73)  51(45-69) 29 (19-53) 58 (NA) 58.8+11.9 (19-76)

Tumor diameter (cm) 9.1+3.0 (4.2-18.0) 16.8 (11.0-23.5) 9.2 (8.3-12.3) 8.3 (6.3-13.2) 9.6 (6.6-10.2) 9.7 (7.9-12.1) 9.8 (NA)

Tumor characteristics
Cystic 8
Solid and cystic or solid 15
Resection type
Surgical resection 21

Biopsy 2

0 0 0 0
3 3 6 4
0 3 5 4
3 0 1 0

Origin of tumor feeding arteries determined by MSCT angiography

Unilateral ovarian branch 15
of the uterine artery

Unilateral ovarian artery 11

Ovarian branches of 5
bilateral uterine arteries

Superior and inferior 0
mesenteric arteries

Median and lateral sacral 0
artery

Other branches of the 3
abdominal aorta

Superior and inferior 0
gluteal artery

Bilateral ovarian arteries 2
Unnamed branch of the 0

internal iliac artery

1 0 0 0
0 0 0 0
2 3 0 0
0 0 6 0
0 0 0 4
0 0 0 0
0 0 0 0
0 0 0 0
0 0 0 0

9.8+3.5 (4.2-23.5)

3 0 11
0 1 32
3 1 37
0 0 6
0 0 16
0 0 11
0 0 10
0 0 6
0 0 4
0 0 3
3 0 3
0 0 2
0 1 1

MSCT, multislice spiral computed tomography; NA, not applicable.
Patients’age and tumor diameters are presented as the meanzstandard deviation for primary ovarian tumor group and median (range, minimum-maximum) for other

groups (except lymphoma group) due to the insufficient number of patients; tumor characteristics, resection type, and origin of tumor feeding arteries, as determined by
MSCT angiography, are presented as the frequency for each group.

level of significance was set at P < 0.05.
The data were analyzed using a com-
mercially available software (Statisti-
cal Package for Social Sciences, version
18.0, SPSS Inc., Chicago, Illinois, USA).

Results

A total of 43 patients, 35 females
and eight males, with a mean age of
58.8+11.9 years (range, 19-76 years)
were included in the analysis. Tumor
specimens were obtained from 37 sub-
jects (86%) by surgical resection and
from six subjects (14%) by biopsy.
Patient demographics, tumor charac-
teristics and MSCT angiography re-
construction (feeding artery origin by

tumor type) are displayed in Table 1.
Overall, the mean tumor diameter was
9.843.5 cm (range, 4.2-23.5 cm). Elev-
en subjects (25.6%) had cystic tumors
and 32 subjects (74.4%) had either
solid/cystic tumors or solid tumors.
MSCT angiography examination mea-
surements compared with postopera-
tive pathological diagnosis are shown
in Table 2. Significant differences in
MSCT angiography measurements
were noted between benign and malig-
nant lesions (P < 0.05 for all).
Diagnostic results of MSCT angiogra-
phy for tumor characteristics are sum-
marized in Table 3. MSCT angiography
demonstrated an accuracy ranging

from 83.7% to 88.4% for determining
whether a tumor was benign or malig-
nant. The method of differentiating
benign and malignant tumors based
on the number of main feeding artery
branches had a sensitivity of 77.3%,
specificity of 90.5%, PPV of 89.5%,
and NPV of 79.2%. Differentiation
based on the route of feeding arteries
and newly formed vessels had a sen-
sitivity of 68.2%, specificity of 100%,
PPV of 100%, and NPV of 75%. Dif-
ferentiation based on the distribution
of newly formed vessels had a sensi-
tivity of 81.8%, specificity of 90.5%,
PPV of 90%, and NPV of 82.6%. Dif-
ferentiation based on tumor staining
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Table 2. Comparison of MSCT angiography measurements by postoperative pathological

diagnosis (n=43)

Postoperative pathological

diagnosis
Characteristics of feeding arteries (MSCT angiography)  Malignant Benign pa
n 22 21
Number of main feeding artery branches <0.001
1 5(22.7) 19 (90.5)
2 10 (45.5) 2(9.5)
3 5(22.7) 0
4 29.1) 0
Pattern associated with both route and newly formed <0.001
vessels of the feeding artery
Irregular 15 (68.2) 0
Regular 7 (31.8) 21 (100)
Distribution of newly formed blood vessels 49.45 11.50 <0.001
(11.50-70.00) (6.40-24.10)
Tumor staining 45.25 7.80 < 0.001
(7.80-61.30) (3.40-10.00)
None 5(22.7) 21 (100) < 0.001
Weakly positive 2(9.1) 0
Positive 4 (18.2) 0
Strongly positive 11 (50) 0

2P < 0.05 indicates a significant difference between benign and malignant tumors. P values were derived
using the Fishers’ exact test with Yate’s correction for categorical variables or the Mann-Whitney U test
for non-normal continuous variables and ordinal continuous variables.

MSCT, multislice spiral computed tomography.

The data are presented as n (%) for categorical variables and ordinal continuous variables; or median
(range, minimum-maximum) for continuous variables lacking normal distribution.

had a sensitivity of 77.3%, specificity
of 100%, PPV of 100%, and NPV of
80.8%. Combining all MSCT angiog-
raphy measurements resulted in a sen-
sitivity of 77.3%, specificity of 95.2%,
PPV of 94.4%, and NPV of 80% for
distinguishing benign from malignant
lesions. The diagnostic accuracy rate
was 86.05% when all MSCT angiogra-
phy measurements were considered,
with an AUC value of 0.961 (95% CI,
0.913-1.000).

One patient had preoperatively diag-
nosed synchronous tumors confirmed
by postoperative pathology. The tu-
mors included a left-side teratoma and
right ovary cystadenoma, which were
supplied by the left uterine artery ovar-
ian branch and right ovarian feeding
arteries, respectively (Fig. 1). This case
of synchronous pelvic tumors was di-
agnosed preoperatively based on both
MSCT angiography and original CT
images. One patient had a metastatic
pelvic tumor and a single metastatic
lesion in the anterior rectal wall, exte-
rior to the primary ovarian tumor. In

this case, the collateral blood supply
was supplied by both the innominate
branch of the right internal iliac ar-
tery and the rectal artery (Fig. 2). The
branches of the rectal artery at the
second level showed a filling defect
caused by a tumor thrombus. The tu-
mor metastases to the pelvis and the
rectum were diagnosed based on both
MSCT angiography and original CT
images, and these results were con-
firmed by postoperative pathological
examination.

Routine CT results demonstrated a
localization accuracy for pelvic tumors
of unknown origin of 55.8%, an ac-
curacy of qualitative tumor diagnosis
(i.e., malignant vs. benign) of 58.2%,
and an accuracy of quantitative tu-
mor diagnosis (i.e., single vs. multiple
tumors) of 83.7%. A comparison of
the diagnostic accuracy to determine
benign vs. malignant lesions using
routine CT and MSCT angiography is
shown in Supplemental Table 3. The
accuracy of routine CT for the localiza-
tion, qualitative diagnosis and quanti-
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tative diagnosis of pelvic tumors of un-
known origin was significantly below
that of MSCT angiography.

Discussion

Our results showed that MSCT an-
giography has both a high specificity
and high positive predictive value in
addition to a remarkable rate of diag-
nostic accuracy as reflected by the high
AUC value. This finding was similar to
those of other studies such as Catalano
etal. (14), in which MSCT angiography
delivered excellent results in assessing
abdominopelvic tumor vascular in-
volvement. Pelvic tumors of unknown
origin often have an occult onset with
atypical symptoms; common bladder,
prostatic, or gynecologic causes should
be ruled out during the initial assess-
ment (8). Imaging is required to distin-
guish between gynecological, gastroin-
testinal, and neurogenic origin tumors
as all can present similarly in the pelvic
region (1). However, radiologists often
have difficulties in diagnosis of exoge-
nous and ectopic tumor origins using
routine CT, as a wide spectrum of be-
nign and malignant pathology present
similarly in terms of shape, structure,
enhancement, origin, and localization
(10). Hence, diagnostic accuracy of pel-
vic tumors of unknown origin is tradi-
tionally low (1, 2). Due to anatomical
restriction by the pelvis, large tumors
can occupy the entire pelvis or extend
into the abdominal cavity, leading to
exogenous growth. Therefore, MSCT
angiography has advantages as both a
useful ancillary diagnostic procedure
and as an imaging method in complex
cases (4, 11, 12, 14). MSCT angiogra-
phy can also assess arteriovenous vas-
cularization in patients with different
abdominal pathologies and evaluate
exogenous and ectopic abdominopel-
vic tumors of unknown origin (14).
MSCT angiography can also identify
tumor feeding vessels to aid in surgical
planning, allowing for optimal man-
agement by the appropriate medical
team (14, 15).

Catalano et al. (14) found that MSCT
angiography can be quite helpful in
diagnosing source organs or tissues for
abdominopelvic tumors of unknown
origin by providing visualization of
the origin, number, morphology, start-
ing and ending locations, route, and
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distribution of the tumor feeding ar-
teries. Similarly, a study by Zhang et
al. (16) showed that the tumor feeding
artery leads directly to the tumor’s ori-
gin. Other studies by Liu et al. (17) and
White et al. (18) traced the origin of
ovarian and uterine tumors from ovar-
ian or uterine arteries, respectively.
These studies found that uterine tumor
feeding arteries typically arose from
the internal iliac artery, while ovari-
an tumor feeding arteries were direct
branches of the abdominal aorta (17,
18). Our study supports these results,
documenting that the feeding arteries
of pelvic-origin tumors originated ei-
ther from branches of the abdominal
aorta or the internal iliac artery. Feed-
ing arteries of nonpelvic organ tumors
originated from the abdominal wall
branches of either the abdominal aorta
or internal iliac artery. Neoplasms of
pelvic origin, such as ovarian tumors,
often show exogenous growth due to
the small size of the source organ. A
small number of these tumors form
ectopic masses directly in the abdom-
inopelvic cavity. In such cases, the
source organ is often disfigured, and
thus, it can be difficult to differentiate
such tumors from tumors arising from
abdominal organs (1, 8-10). Imaging
can reveal characteristics that differ-
entiate the origin of pelvic tumor, es-

Figure 1. a—. Bilateral ovarian tumors with
multiple origins consisting of a right ovarian
cystadenoma and a left ovarian teratoma. The
sagittal image of the enhanced CT (a) shows
both solid septal and cystic masses (arrow);

the axial image of the enhanced CT (b) shows
both lipid and calcification components in the
solid area (CT values: short arrow, -80 HU; long
arrow, 670 HU); MSCT angiography volume
reconstruction image (c) shows that the
tumors had different origins and the feeding
arteries originated from different locations.

The teratoma was fed by the ovarian branch

of the left uterine artery (short arrow), and the
ovarian cystadenoma was fed by the right
ovarian artery (long arrow). The tumor feeding
artery was single, and the route was regular. No
neovascularization or tumor staining was present.

Figure 2. a, b. Multiple pelvic tumors
representing bilateral ovarian papillary serous
cystadenocarcinomas and metastatic rectal
carcinomas. The axial image of the enhanced
CT (a) shows bilateral ovarian multiple solid
tumors (short arrows) and anterior rectal wall
hypertrophy (long arrow); MSCT angiography
volume reconstruction image (b) shows that

the tumor had three main feeding arteries: the ovarian branches of the bilateral uterine arteries
(short arrow) and the rectal branch of the inferior mesenteric artery (long arrow). The feeding
artery branches show a tortuous and irregular route. The newly formed blood vessels were
dense and showed positive tumor staining (thick arrow).

pecially gynecological origin tumors
from non-gynecological origin tumors
(1). Our study used MSCT angiography
to reconstruct the feeding arteries and
found that the ovarian tumor blood
supply shared many characteristics
with the normal physiological ovar-
ian blood supply. A majority of the
feeding arteries were ovarian branches
of the uterine artery; a small portion
of the feeding arteries were from the
ovarian artery. There were 23 primary
ovarian tumors in this study. In 20 of

the cases, the feeding arteries originat-
ed from the ovarian branch of the uter-
ine artery and/or the ovarian artery;
all cases were clearly diagnosed before
surgery. In the remaining three cases,
the feeding arteries were derived from
the branches of the abdominal aorta
(e.g., the superior mesenteric artery
and renal artery); these arteries were
misdiagnosed as supplying intestinal
and renal tumors prior to surgery. Kro-
encke et al. (19) found that the ovar-
ian artery could also be anomalously
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Table 3. Diagnostic results of MSCT angiography in comparison to postoperative pathological results (n=43)

Predicted status

Accuracy  Sensitivity Specificity PPV NPV
Model # Predictors Malignant Benign % % % % % AUC 95% ClI
1 Number of branches of 19 24 83.72 77.30 90.50 89.50 79.20 0.854 0.734-0.974
the main feeding artery
2 Pattern of travel and newly 15 28 83.72 68.20 100 100 75 0.841 0.714-0.967
formed blood vessels of the
feeding artery
3 Distribution of newly formed 20 23 86.05 81.80 90.50 90 82.60 0.938 0.870-1.000
blood vessels
4 Tumor staining 17 26 88.37 77.30 100 100 80.80 0.922 0.843-1.000
5 1+2 21 22 88.37 86.40 90.50 90.50 86.40 0.917 0.824-1.000
6 143 19 24 88.37 81.80 95.20 94.70 83.30 0.961 0.911-1.000
7 1+4 20 23 86.05 81.80 90.50 90 82.60 0.952 0.895-1.000
8 2+3 20 23 86.05 81.80 90.50 90 82.60 0.938 0.870-1.000
9 2+4 17 26 88.37 77.30 100 100 80.80 0.922 0.843-1.000
10 3+4 17 26 88.37 77.30 100 100 80.80 0.937 0.869-1.000
11 14243 19 24 88.37 81.80 95.20 94.70 83.30 0.961 0.911-1.000
12 1+2+4 20 23 86.05 81.80 90.50 90 82.60 0.952 0.895-1.000
13 1+3+4 18 25 86.05 77.30 95.20 94.40 80.00 0.961 0.913-1.000
14 2+3+4 17 26 88.37 77.30 100 100 80.80 0.937 0.869-1.000
15 1+2+3+4 18 25 86.05 77.30 95.20 94.40 80 0.961 0.913-1.000

AUC, area under the receiver operating characteristic curve; Cl, confidence interval; MSCT, multislice spiral computed tomography; NPV, negative predictive

value; PPV, positive predictive value.

The results were derived using both univariate and multivariate logistic regression model analysis. Models 5-15 were constructed using various combinations of

predictors in models 1-4 as shown in the Table above.

derived pairwise from either the ante-
rior circumference of the abdominal
aorta below the renal hilum or the
accessory renal artery. Hence, variable
origins of the ovarian tumor feeding
artery may present difficulties in deter-
mining the origin of abdominopelvic
tumors (17-19), as was the case for sev-
eral patients in our study.

Our study also demonstrated the ca-
pability to determine ovarian tumor
blood supply origin. This was possible
if the MSCT angiography blood vessel
reconstruction demonstrated that the
main tumor feeding artery was either
the ovarian branch of the uterine ar-
tery and/or the ovarian artery. This
variation in blood supply was similar
to findings from previous studies by
Liu et al. (17) and White et al. (18), in
which pelvic tumors received supply
from both the ovarian and uterine ar-
teries. In some cases in our study, it was
difficult to locate variable feeding ar-
tery origins of ovarian tumors on stan-
dard CT; hence, MSCT angiography

was useful for differentiation. For ex-
ample, the ovarian branch of the uter-
ine artery supplying ovarian tumors is
thinner than the branch of the uterine
artery that normally supplies leiomyo-
mas. The uterine artery branches have
high MSCT angiography enhancement
rates, while the ovarian branches of
the uterine arteries do not enhance on
MSCT angiography. Scans of leiomyo-
mas only showed visualization of the
uterine artery branch, whereas imaging
of ovarian tumors often demonstrates
visualization of both ovarian and uter-
ine artery branches (17, 18). Our study
also found that in exogenous uterine
tumors, the main tumor feeding arter-
ies were branches of the uterine artery
trunk. The feeding arteries and bilat-
eral uterine arteries traveled towards
the uterus and entered the tumor at
the junction between the uterus and
the tumor. Hence, there were overlap-
ping vascular supply regions, resulting
in blood supply anastomoses similar
to previous findings of Liu et al. (17)
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and White et al. (18). Further evalua-
tion determined that this tumor was
exogenous and most likely originated
from the uterus. Sun et al. (3) also re-
ported that neoplasms with intestinal
origin, such as gastrointestinal stromal
tumors or exogenous colorectal cancer,
present with similar findings to exoge-
nous uterine tumors. These neoplasms
often originate from the intestinal
wall, with conventional CT images
showing intratumoral gas shadows and
main feeding arteries originating from
mesenteric artery branches of the cor-
responding intestinal segments (2, 3).
In our study, the colonic tumors were
fed by the superior and inferior mesen-
teric artery branches, consistent with
previous reports. Likewise, Brocker et
al. (20) and Kinkel et al. (21) found CT
scanning to be a useful instrument for
evaluating pelvic tumors.

The results of our study suggest that
most pelvic tumors of unknown origin
(36/43, 83.72%) are fed by abdominal
aorta and internal iliac artery branches.
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Nonorgan primary tumors were rare
and were mainly distributed in the an-
atomical rectal pouch and space (22).
In our study, four cases of neurogenic
tumors and three cases of gestational
trophoblastic tumors were found in
the perirectal and retrorectal spaces, re-
spectively. The most common feeding
arteries for pelvic tumors were the wall
branches of the abdominal aorta and
internal iliac artery, the median sacral
artery, the lateral sacral artery, and the
superior and inferior gluteal arteries,
consistent with results from the earlier
report (22). The single case of lympho-
ma in our study was comprised of a
tumor with poor blood supply. There-
fore, this tumor could not be accurate-
ly located before surgery.

Studies have shown that the benign
or malignant nature of tumors is relat-
ed to the route, number, and morphol-
ogy of the tumor parenchymal feeding
arteries. The presentation of tumor
feeding arteries is useful in differenti-
ating between benign and malignant
tumors (14). Most of cystic tumors in
our study were benign with a single
feeding artery that traveled upward
along the tumor edge and terminated
at the periphery of the cyst wall. Ad-
ditionally, the feeding artery had no
mesh-like branches within the tumor,
consistent with the findings of Zhang
et al. (16). Mixed cystic and solid pel-
vic tumors and solid pelvic tumors can
be either benign or malignant (7-9).
In our study, malignant tumors usual-
ly had two or more feeding arteries of
different origins, while benign tumors
were mainly fed by a single blood ves-
sel. Only a few (2/21, 9.52%) benign
tumors were fed by two feeding arter-
ies, in which the tumor feeding artery
travelled into the parenchyma and en-
tered the lesion. The feeding arteries
of benign tumors demonstrated regu-
lar routes with fewer branches, while
malignant tumors were fed by multi-
ple arteries that displayed more disor-
derly and uneven mesh-like branches.
Benign tumor feeding arteries were
accompanied by neovascularization,
tumor staining, and associated tumor
vasculature. In our study, MSCT an-
giography had an 86% accuracy rate
for differentiation between benign
and malignant tumors. Therefore, we
believe that MSCT angiography recon-

struction of tumor blood vessels has
a definite value in differentiating be-
tween benign and malignant pelvic tu-
mors of unknown origin. Preoperative
MSCT angiography can be beneficial
in evaluating both tumoral and adja-
cent tissue vascular structure, which
may reduce postoperative complica-
tions (14, 15, 23).

When multiple abdominopelvic tu-
mors are present, it is difficult to use
conventional CT imaging to determine
whether the tumors are from single or
multiple origins (16). The results of our
study showed that the main feeding ar-
tery origin differs depending on tumor
origin. Multiple nonfused pelvic pa-
renchymal tumors can arise from dif-
ferent origins; this diagnosis may oc-
cur if the feeding arteries supplying the
tumor parenchymal areas derive from
different sides, or if there is no overlap
between different vascular trunks and
their supplied areas (17, 18). Howev-
er, when multiple implanted foci and
metastases of the same tumor type are
present, the metastatic tumor feeding
artery can also arise from many origins
and provide multiple blood supplies
to the corresponding non-fused tumor
parenchyma (17, 18). Therefore, it is
difficult to differentiate metastatic le-
sions and tumors from multiple origins
based only on tumor feeding artery
characteristics. It is generally believed
that tumor feeding arteries often over-
lap with metastatic feeding arteries in
abdominopelvic tumors (16). A more
accurate judgment can be made if CT
imaging displays consistent tumor dis-
tribution, density, morphology, and
enhancement, and if the feeding artery
has a symmetrical distribution. Our
study showed that when the tumor
invaded the surrounding tissues and
organs, the feeding artery of the invad-
ed organ was dilated and its branch-
es were tortuous and dilated. Large
amounts of tumor emboli observed in
both the affected organ feeding artery
and tumor parenchymal artery branch-
es created vascular blockage, leading
to uneven vessel density. This finding
allows CT images to differentiate be-
tween tumors of metastatic origin and
those originating from multiple organs
(16). However, if only a small amount
of tumor foci invade the surrounding
tissue and organ, those metastatic foci

cannot be detected on conventional
CT images. The feeding artery of the
affected organ is very thin, and even
MSCT angiography cannot reconstruct
the tumor feeding artery. Therefore,
misdiagnoses or missed diagnoses may
easily occur. Nevertheless, studies such
as Huang et al. (24) and our current
study have demonstrated that MSCT
angiography can accurately provide
information to differentiate between
abdominopelvic organ arteries, veins
and tumor supply vessels.

There were several limitations asso-
ciated with this study. First, due to the
lower socioeconomic status of the ma-
jority of the Chinese population, addi-
tional digital subtraction angiography
could not be performed. Imaging stud-
ies for most patients were not compared
with digital subtraction angiography
images, i.e., the gold standard. Hence,
a true analysis could not be made based
on established methods. In addition,
some of diagnostic criteria in this study
overlapped between benign and malig-
nant tumors. For example, challenges
exist in determining the distribution
of newly formed vessels (sparse in both
benign and malignant tumors) as well
as tumor staining; the route of the es-
tablished and newly formed vessels
may overlap (17, 18). Therefore, MSCT
angiography cannot achieve a 100%
diagnostic accuracy rate. To resolve
this issue, the final diagnosis should
include conventional CT images to
achieve a higher accuracy in determin-
ing tumor nature. Finally, as the key
operating technique in this study relies
on the feeding artery display, associa-
tions between the amount of the sol-
id tumor composition, richness of the
tumor blood supply, and filling of con-
trast agent in the tumor feeding artery
should also be considered.

In conclusion, reconstructing feed-
ing arteries in pelvic tumors of un-
known origin using AV and MV vol-
ume reconstruction may improve
the accuracy of location, qualitative
diagnosis, and quantitative diagnosis
for such tumors. This is accomplished
through revealing the origin, number,
morphology, distribution, and route
of the feeding arteries. Through these
findings, MSCT angiography provides
detailed information for selecting opti-
mal clinical treatment protocols.
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Supplemental Table 1. Definitions of tumor staining categories

Tumor staining

Definition

None

Weakly positive
Positive

Strongly positive

Increase in CT value was <10 HU in the contrast agent-concentrated area of the tumor after enhancement when compared to
the CT value of the same area on routine CT (i.e., plain + contrast-enhanced CT). The tumor contour could not be distinguished.

Increase in CT value was >10 HU but <30 HU, and the tumor contour was partially observed.
Increase in CT value was > 30 HU but < 50 HU, and the tumor contour was clearly outlined.

Increase in CT value was > 50 HU, and the tumor contour could be fully visualized as the contrast agent was highly concentrated.

CT, computed tomography; HU, Hounsfield Unit.

Supplemental Table 2. Differential diagnosis of benign and malignant tumors based on the tumor feeding artery and original image characteristics

Characteristics of feeding arteries seen in MSCT angiography

Route of the feeding Characteristics of the
Number of main feeding Distribution of newly artery and newly formed tumor cyst wall

Nature of tumor  artery branches formed blood vessels blood vessels Tumor staining (original image)

Benign 1or2 None or sparse Regular No The tumor cyst wall was evenly
thickened without enhancement

Malignant >2 Sparse or dense Irregular Positive or The local tumor cyst wall was

strongly positive  unevenly thickened with

enhancement

MSCT, multislice spiral computed tomography.

Supplemental Table 3. Comparison of the diagnostic accuracy between routine CT and MSCT angiography

Diagnosed Undiagnosed
n (%) n (%) pa
Routine CT examination 25 (58.19) 18 (41.81) -
Diagnostic accuracy of MSCT angiography examination
Model #1 36 (83.7) 7 (16.3) 0.020
Model #2 36 (83.7) 7 (16.3) 0.020
Model #3 37 (86.0) 6 (14.0) 0.014
Model #4 38 (88.4) 5(11.6) 0.010
Model #5 38 (88.4) 5(11.6) 0.010
Model #6 38 (88.4) 5(11.6) 0.010
Model #7 37 (86.0) 6 (14.0) 0.014
Model #8 37 (86.0) 6 (14.0) 0.014
Model #9 38 (88.4) 5(11.6) 0.010
Model #10 38 (88.4) 5(11.6) 0.010
Model #11 38 (88.4) 5(11.6) 0.010
Model #12 37 (86.0) 6 (14.0) 0.014
Model #13 37 (86.0) 6 (14.0) 0.014
Model #14 38 (88.4) 5(11.6) 0.010
Model #15 37 (86.0) 6 (14.0) 0.014

2P values were derived using the McNemar test to identify differences between diagnostic results of MSCT angiography examination and routine CT examina-

tion.

MSCT, multislice spiral computed tomography.
Models are described in Table 3.
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