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Abstract. The objective of the present study was to provide
a basis for the personalized treatment of intermediate and
advanced hepatic alveolar echinococcosis (HAE) by eluci-
dating the characteristics of vascular invasion and lesion
growth. A total of 160 patients with intermediate and advanced
HAE who were subjected to plain as well as contrast-enhanced
3.0-T magnetic resonance imaging prior to surgery were
analyzed. Pathological and intra-operative observations of the
subjects were also considered. The size and location of HAE
lesions, vascular invasion characteristics and growth patterns
were assessed. A total of 78 patients (48.75%) had lesions
involving the S5-8 segment/partial right liver lobe, 21 (13.13%)
had involvement in the S2-4 segment/partial left liver lobe
and 61 (38.13%) had lesions that transcended the left and right
liver lobes. Pathological examination revealed that the vascular
invasion rates of the hepatic portal veins, intrahepatic veins
(left, central and right vein, and inferior vena cava) and hepatic
arteries were 51.88,43.28 and 26.87%, respectively. Liver hilum
invasion was observed in 128 patients (80.00%), 71 of which
(44.38%) presented with invasion of the primary porta hepatis,
11 (6.88%) with invasion of the secondary porta hepatis and 46
(28.75%) with invasion of the primary as well as the secondary
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porta hepatis. In conclusion, the growth pattern of intermediate
and advanced HAE is determined by the site, blood supply
and activity of the lesion. The current study demonstrated that
lesions tend to invade the intrahepatic venous system and porta
hepatis, and to target veins rather than arteries.

Introduction

Hepatic alveolar echinococcosis (HAE) is a malignant para-
sitic disease of the liver (1). HAE is prevalent in Asia, Africa,
Europe and North America (2), and has become a serious global
problem. In particular, a high incidence has been reported in
Qinghai province in China (3). The current treatment strategy
for HAE is with orally administered targeted drugs, which
include albendazole tablets (4). However, the number of blood
vessels is reduced in HAE, which results in poor drug delivery
and treatment efficacy (5). Therefore, further research is
required in order to understand the characteristics of vascular
invasion and blood supply in HAE to provide a theoretical
basis for development of novel drug administration routes and
targets, as well as increasing the awareness of HAE.

Surgery is also an effective method for treating this
disease (6,7). However, radical resection may be difficult,
as the parasite exhibits an invasive growth and tends to
invade intrahepatic vessels in particular (8). Thus, accurate
pre-operative assessment of a patient's vascular invasion status
is key to successful surgery (9). Relatively few studies have
focused on the vascular invasion status, and even fewer have
addressed the physiological characteristics of vascular invasion.
Furthermore, the current knowledge regarding the vascular
invasion characteristics is currently insufficient and its potential
significance in guiding clinical treatment remains unexplored.

Magnetic resonance imaging (MRI) is an important
imaging technique that is able to display the structural
characteristics of blood vessels and bile ducts in HAE, as well
as their invasion status (10). Therefore, MRI of HAE lesions
for analysis of vascular invasion characteristics and lesion
growth patterns has an important value in increasing the
accuracy of evaluation and the development of novel treatment
methods. The objective of the present study was to provide a
basis for personalized treatment of intermediate and advanced
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HAE by elucidating the characteristics of vascular invasion
and lesion growth by using MRI, as well as intra-operative
and pathological observations.

Patients and methods

Patients. A total of 160 HAE patients treated at Affiliated
Hospital of Qinghai University (Xining, China) between
January 2014 and February 2017 were recruited for the present
study. All of the subjects had been diagnosed with HAE by
3.0-T MRI with confirmation by post-operative pathology
and had at least one lesion measuring >5.0 cm in one dimen-
sion. The cohort included 79 males and 91 females. The
ethnological composition of the cohort was 154 Tibetans and
6 Han Chinese individuals. The age of the patients ranged
from 10 to 71 years, and their mean age was 36.17+12.15 years.
All patients underwent evaluation, analysis and surgery, with
the analysis including 3.0-T MR scans.

Inclusion and exclusion criteria. The present study included
patients who had i) a diagnosis of HAE based on clinical
information and imaging/laboratory tests, ii) post-operative
pathological tests confirming the diagnosis and iii) at least
one lesion measuring >5.0 cm in one dimension. Patient were
excluded if they had i) comorbidities of other liver diseases,
ii) severe liver or kidney impairment, iii) an allergy to the
contrast agent (Ultravist), iv) concomitant conditions including
pregnancy or aplastic anemia and/or v) a history of autologous
liver transplantation.

MRI techniques. A Philips Achieva 3.0-T TX MR scanner
(Achieva MRI; Philips, Eindhoven, the Netherlands) was
used for the plain and enhanced scans using a 6-channel
phased-array having two coils placed anterior to the body and
a 3-channel phased-array having two coils placed posterior to
the spine. Prior to scanning, patients were fasted for 4 h, trained
to hold their breathe during the scan and were requested to
drink 1 1 of water over 30 min to distend their stomach.

MRI protocols with the following pulse sequences was used
for the present study: Enhanced T1-weighted High Resolution
Isotropic Volume Excitation [repetition time (TR)/echo time
(TE), 3.9/1.87 msec; matrix size, 236x234; number of excita-
tions (NEX), 1; contrast agent, magnevist (2 ml/kg of body
weight with the flow rate of 0. 2 ml, followed by normal saline
flush; Chengdu, China)]; T2-weighted Spectral Attenuated
Inversion Recovery (T2WI-SPAIR; TR/TE, 446/80 msec;
matrix size, 268x140; section thickness/gap, 4/0.4 mm; NEX,
1); dual-Fast Field Echo (TR/TE, 4050/120 msec; matrix size,
288x174; section thickness/gap, 4/0.4 mm; NEX, 4); diffu-
sion-weighted imaging (TR/TE, 1204/650 msec; matrix size,
256x205; NEX, 1); MR cholangiopancreatography (TR/TE,
4050/120 msec; matrix size, 288x174; section thickness/gap,
4/0.4 mm; NEX, 4). All MRI images were interpreted on a
picture archiving and communications system (PACS) work-
station (IntelliSpace PACS V7.0; Philips, The Netherlands)

Image processing and analysis. The raw data were transferred
to the PACS and two attending physicians (WL and HL)
were responsible for observing the various stages of vascular
change and imaging status. They also evaluated the invasion
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status of i) the inferior vena cava; ii) the left, middle and right
hepatic vein; iii) the trunk of the hepatic portal veins, as well
as its branches; iv) the hepatic arteries; and v) the primary and
secondary porta hepatis. On the basis of the MRI observa-
tions, vascular invasion was defined as follows: i) Incomplete
low vascular wall signal in the enhanced TIWI-SPAIR
sequence (Fig. 1); ii) hepatic artery stenosis, becoming tortuous
and finer as it passed through the lesion; iii) truncation of the
hepatic portal vein trunk and its branches (failure to appear
on the scan) (Fig. 2); iv) hepatic veins and inferior vena cava
compressed and exhibiting signs of flattening, narrowing and
failure to appear on the scan (Fig. 3); v) partial or complete
envelopment and stenosis of blood vessels in the primary
and secondary porta hepatis (Figs. 4-6) combined with the
appearance of filling defects in certain blood vessels; and
vi) MR venography indicating lesions in the lumen that exhibit
eccentric, irregular stenosis or occlusion (Fig. 7). Patients were
excluded if they had blood vessel compression or displacement
by the lesion, and if their vessels had a complete low vascular
wall signal (Fig. 8).

Evaluation of pathological results. The surgeon combined
MRI evaluation, intra-operative observations and gross
pathology to determine the invasion status of the blood vessels
prior to suturing, annotation and sending of specimens for
pathological examination. The vascular walls of arteries and
veins consist of (from the inside to the outside) the tunica
intima, tunica media and tunica externa. On the basis of
microscopic observations, vascular invasion is considered
when the endothelial cells of the blood vessel are surrounded
by lesion cells or covered by muscular walls with elastic
membranes (Fig. 9) (11,12).

Statistical analysis. The data were processed using SPSS
software (version 19.0; IBM Corp., Armonk, NY, USA). All
measurement data with a normal distribution were expressed
as the mean =+ standard deviation, while those with a skewed
distribution were presented as the median and interquartile
range. The Kruskal-Wallis test was used for comparison
between three groups, and the Mann-Whitney U test with
Bonferroni correction was used for comparison between each
group. Data were expressed as invasion rates and analyzed
using y%* partitioning methods, with a test level of 0=0.05,
followed by Bonferroni correction. P<0.05 was considered to
indicate a statistically significant difference.

Results

Characteristics of lesions in patients with HAE. The boundary
of the lesion is usually very clear (Fig. 10). In the 160 patients,
a total of 181 lesions were larger than 5.0 cm in one dimension;
the largest of these was 25.6x14.4x6.8 cm and the smallest
was 5.3x4.5x3.2 cm. A total of 71 lesions (39.23%) had a
maximum diameter of 5-10 cm, 76 had a maximum diameter
of 10-15 cm (41.99%) and 34 had a maximum diameter of
>15 cm (18.78%). A total of 78 patients (48.75%) had lesions in
the S5-8 segment/partial right liver lobe, 21 patients (13.13%)
had lesions involving the S2-4 segment/partial left liver lobe
and 61 patients (38.13%) had lesions that transcended the left
and right liver lobes.
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Figure 1. Transverse enhanced T1-weighted spectral attenuated inversion
recovery scan indicating the disappearance of the surrounding adipose lines
in the right hepatic artery. Intraoperative observation: The RHA is attached
to the lesion. Pathological examination revealed slight invasion of the right
hepatic artery walls. SMA, superior mesenteric artery; AA, abdominal aorta;
RHA, right hepatic artery.

Figure 2. Transverse enhanced T1-weighted spectral attenuated inversion
recovery scan indicating a blockage and absence of distal RPV on the scan.
Pathological examination shows invasion of the RPV. RPV, right hepatic
portal vein; AA, abdominal aorta.

Figure 3. Transverse enhanced T1-weighted Spectral Attenuated Inversion
Recovery scan with absence of the RHV and IVC. Pathological examination
indicated invasion of the RHV and IVC. MHV, middle hepatic vein; LHV, left
hepatic vein; RHV, right hepatic vein; IVC, inferior vena cava.

Figure 4. Transverse enhanced T1-weighted Spectral Attenuated Inversion
Recovery scan indicating partial envelopment of the secondary porta hepatis.
Pathological examination revealed invasion of the secondary porta hepatis,
which is more significant at the exit of the RHV into the IVC. IVC, inferior
vena cava; MHV, middle hepatic vein; LHV, left hepatic vein; RHV, right
hepatic vein.

Figure 5. Transverse enhanced T1-weighted Spectral Attenuated Inversion
Recovery scan demonstrating complete envelopment of the primary porta
hepatis (white arrow); certain blood vessels are unclear. Pathological exami-
nation indicated severe invasion of the blood vessels and bile duct at the
primary porta hepatis. AA, abdominal aorta.

Histologic analysis. Pathological examination revealed that
the vascular invasion rate in the hepatic arteries, intrahepatic
veins and hepatic portal veins was 26.87, 43.28 and 51.88%,
respectively. The cohort comprised 128 patients (80.00%) with
liver hilum invasion, 71 patients (55.47%) featured invasion of
the primary porta hepatis, 11 patients (8.59%) had invasion of
the secondary porta hepatis and 46 patients (35.94%) exhibited
invasion of the primary and secondary porta hepatis.

Data analysis results. The pathological results were regarded as
the gold standard. No significant difference in age and sex was
observed in either vascular invasion or hepatic hilum invasion
groups (data not shown). Furthermore, no significant difference
in the size of the lesions was identified between the types of
hepatic vessels affected (P>0.05; Table I). However, a significant
difference was detected in the size of the lesions between the
different porta hepatis invasion groups (P<0.05; Table II). A
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Figure 6. Coronal transverse enhanced T1-weighted Spectral Attenuated
Inversion Recovery scan demonstrating invasion of the primary (black
arrows) and secondary (white arrows) porta hepatis. Pathological examina-
tion indicated severe invasion in the primary and secondary porta hepatis.
IVC, inferior vena cava.
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Figure 8. Transverse enhanced T1-weighted Spectral Attenuated Inversion
Recovery scan displaying compression and displacement of the RHA, as well
as a complete low vascular wall signal. Pathological examination indicated
compression and occlusion of the RHA and absence of invasion. This is an
example of a normal case that was excluded from the study. AA, abdominal
aorta; RHA, right hepatic artery.

Figure 7. Coronal magnetic resonance venography indicating RPV stenosis
and narrowing. Pathological examination revealed significant invasion in the
RPV. R/LPV, right/left portal vein.

pairwise comparison of invasion rates between several hepatic
blood vessels was performed using y*-partitioning methods
(0=0.05; Table II). A new test level 0'=0.0167 was obtained
and the difference was statistically significant (P<0.01). It was
revealed that the invasion rate is highest in the hepatic portal
veins (Table II). The maximum lesion diameter in the primary
and secondary porta hepatis invasion group was significantly
larger than that in the primary porta hepatis invasion group
and the secondary porta hepatis invasion group, respectively
(P<0.001; Table IIT). A new test level a'=0.0167 was obtained
and the difference was statistically significant, P<0.01. However,
there was no significant difference in the maximum lesion
diameter detected between the primary porta hepatis invasion
group and the secondary porta hepatis invasion group (P>0.05;
Table IIT). A pairwise comparison of invasion rates between
porta hepatis was performed using y>-partitioning methods
(0=0.05; Table IV). A new test level a'=0.0167 was obtained and
the difference was statistically significant (P<0.01).

Figure 9. Magnetic resonance venography displaying eccentric stenosis of the
IVC. Intraoperative observation revealed severe adhesion of the lesion and
blood vessel. Pathological examination (hematoxylin and eosin; magnifica-
tion, x20) demonstrated that the lesion invaded the IVC walls. Black arrows
indicate the tunica externa of the blood vessel. IVC, inferior vena cava.

Figure 10. Transverse diffusion-weighted imaging indicating a peripheral
high-signal zone surrounding the lesions; lesion boundaries (white arrows)
are distinct.
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Table I. Comparison of the maximum diameter of the lesions in the intrahepatic veins, hepatic portal veins and hepatic arteries.

Vessel type Invaded vessels (n) Maximum lesion diameter (cm) . P-value
Intrahepatic veins 277 12.30 (10.35-15.25)

Hepatic portal veins 166 11.65 (8.98-14.60) 3.84 0.147
Hepatic arteries 86 12.50 (9.88-15.10)

Values are expressed as the median (interquartile range).

Table II. Pairwise comparison of invasion rates in the intrahepatic veins, hepatic portal veins and hepatic arteries.

Vessel type Vessels (n) Invaded vessels, n (%) e P-value
Intrahepatic veins 640 277 (43.28) - -
Hepatic portal veins 320 166 (51.88)* - <0.05
Hepatic arteries 320 86 (26.87)* - <0.05
Total 1,280 529 (41.33) 43.25 <0.001

“P<0.05 vs. intrahepatic veins; "P<0.05 vs. hepatic portal veins. Intrahepatic veins comprise the left, middle and right hepatic veins, and the

inferior vena cava.

Table III. Pairwise comparison of the maximum diameter of lesions in the hepatic hilum.

Areas affected Cases of invasion, n (%) Maximum lesion diameter (cm) x> P-value
Primary porta hepatis 71 (5547) 11.90 (10.00-15.00)

Secondary porta hepatis 11 (8.60) 10.90 (10.30-11.80) 25.463 <0.001
Primary and secondary porta hepatis 46 (35.94) 14.90 (12.73-16.65)""

1P<0.001 vs. primary porta hepatis; "P<0.001 vs. secondary porta hepatis. Values are expressed as the median (interquartile range).

Table I'V. Pairwise comparison of invasion rates in the hepatic hilum.

Site Total cases (n) Cases of invasion, n (%) e P-value
Primary porta hepatis 160 71 (44.38) - -
Secondary porta hepatis 160 11 (6.88)* - <0.01
Primary and secondary porta hepatis 160 46 (28.75)*° - <0.01
Total 480 128 (26.67) 58.06 <0.001

1P<0.01 vs. primary porta hepatis; "P<0.01 vs. secondary porta hepatis.

Discussion

HAE is able to invade the intrahepatic vasculature and infest
tissues and organs. Late-stage HAE may result in cirrhosis,
jaundice and liver failure (13), as well as metastasize to organs
including the lungs and brain (14). The management of this
disease is based on drugs (15), while surgery (including
radical resection, lesion reduction or liver transplantation) is
the major treatment method applied (16,17). However, HAE
lesions tend to invade blood vessels, resulting in a low success
rate. Thus, simple diagnosis by imaging no longer fulfills

clinical requirements, and researchers are now focusing
on pre-operative vascular evaluation. In this regard, 3.0-T
multi-stage enhanced MR scanning has high temporal and
spatial resolution capabilities and is able to clearly display the
boundaries of the lesions. This may shorten the blood T1 time
and improve blood signals so that the contrast between blood
vessels and surrounding tissues is enhanced and the blood
vessel structure is clearly displayed. This allows clinicians to
accurately evaluate the vascular invasion status and to design
personalized treatment regimens (18-20). Wang et al (21)
investigated vascular involvement in cystic echinococcosis.
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However, HAE reproduces by exogenous budding or infiltra-
tive growth, and has malignant invasion characteristics (1).
In this way, the disease differs from cystic echinococcosis
with regard to vascular involvement. One study reported that
MR angiography and MR venography are able to indicate
the association between the lesion and the degree of vascular
stenosis (22). In addition, according to Li er al (10), MRI is
more accurate than CT with this regard. Therefore, clinicians
may use MRI to examine the vascular invasion characteristics
and lesion growth patterns.

In the present study, a pairwise comparison of invasion
rates in the intrahepatic veins, hepatic portal veins and hepatic
arteries was performed. It was revealed that the invasion
rate is highest in the hepatic portal veins, followed by that in
intrahepatic veins and hepatic arteries. The possible reasons
for this are as follows: i) The liver has a dual blood supply, with
the hepatic portal veins supplying 75% of the blood, while the
hepatic arteries supply 25%. Thus, the tendency of the hepatic
portal veins to be invaded is increased due to the ratio of blood
supply to the liver (23). ii) In the present study, lesions in the
right hemiliver accounted for 49.38%, while those in the left
hemiliver accounted for 13.13% of all total cases. In the S-2
and S-3 segments of the left hemiliver and the S-7 and S-8
segments of the right hemiliver, the blood flow in the hepatic
vein and inferior vena cava were more abundant. However, in
the S-5 and S-6 segments of the right hemiliver and the S4b
segment of the left hemiliver, the left and right branches of the
hepatic portal vein and its tributaries contained more blood
vessels. Therefore, the hepatic portal vein and its tributaries
tend to be invaded more frequently. iii) Arteries are thicker
than veins and have more smooth muscle and elastic fibers
within their vascular walls, with smaller lumens compared
with veins. Veins have thinner walls with large lumens, and are
less elastic compared with arterial vascular walls. Therefore,
veins are more likely to be invaded than arteries (24). iv) HAE
larvae enter the liver through the mesenteric veins and
hepatic portal veins. They then invade the liver tissues and
vasculature, causing vesicles and cyst fluid to enter the blood
vessels and metastasize to the lung, brain and other organs
via hepatic venous drainage into the inferior vena cava. The
transmission and dissemination route require passage through
the portal venous system and are intimately associated with
the tendency towards venous invasion (25). v) Baheti et al (26)
reported that the invasion rate of liver cancer was greater in
the hepatic portal veins than in the intrahepatic veins, and
greater in the intrahepatic veins than in the hepatic arteries.
They also suggested that liver cancer is mainly supplied by
blood from the hepatic arteries, with the hepatic portal veins
supplying only a small percentage of the blood. Conversely,
Fan et al (27) and Ren and Xiao (28) indicated that the major
blood supply in HAE is from the hepatic arteries, while the
hepatic portal veins only provide a minor amount of blood.
The vascular invasion and blood supply observed in patients
with HAE appear to be similar to that of patients with liver
cancer, and the vascular invasion characteristics also exhibit
certain similarities.

The present study also investigated invasion in the hepatic
hilum. The ratio of invasion in this type of tissue was ranked
as follows: Primary porta hepatis > primary and secondary
porta hepatis > secondary porta hepatis. The possible reasons
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for this are as follows: i) The left, middle and right hepatic vein
drain into the inferior vena cava through the secondary porta
hepatis, while the hepatic arteries, hepatic portal veins and
hepatic ducts enter the liver through the primary porta hepatis.
The bifurcation of the hepatic arteries is furthest away from
the hepatic hilum, while the hepatic portal vein bifurcation
is slightly further from the secondary porta hepatis than the
hepatic duct bifurcation. When an echinococcosis larva enters
the liver through the hepatic portal vein, it is blocked by liver
sinusoids and grows near the primary porta hepatis. As HAE
easily invades the hepatic portal veins,alocalized lesion is most
likely to invade the primary porta hepatis, while the secondary
porta hepatis is only invaded if the lesion grows. ii) In the
present study, most lesions were situated in the right hemiliver,
with the S-4 and S-5 segments being the most common sites.
Lesions in this location are anatomically nearer to the primary
porta hepatis and the extent of invasion is greater; iii) HAE
lesions receive blood from the hepatic arteries, as well as from
the hepatic portal veins. The primary porta hepatis receives
the most blood from the hepatic portal veins and hepatic
arteries. At the secondary porta hepatis, the hepatic veins exit
the liver and contain fewer nutrients; iv) Follow-up examina-
tions indicated that the lesion first invades the primary porta
hepatis prior to growing upwards through the inferior vena
cava and finally invading the secondary porta hepatis. Only
in a few cases, the secondary porta hepatis was involved.
Thus, the barrier effects of the liver sinusoids resulted in fewer
cases where echinococcosis larvae first resided in the S-7 and
S-8 segments. Conversely, the intensity of lesion activity was
associated with lesion growth, which was in turn supported
by portosystemic anastomosis in the hepatic portal veins and
intrahepatic veins (data not shown).

The current study demonstrated that HAE has
vein-targeting characteristics. Therefore, on the basis of the
initial diagnosis, depending on whether the lesion is situated
close to veins, clinicians can usually predict growth trends
and possible factors that may affect surgical resection. These
predictions may be considered to guide the selection of treat-
ment options, including the earlier use of drugs to suppress
lesion growth or direct resection. Furthermore, in patients who
are treated with oral drugs, the route of administration may be
changed to intravenous injection, nanoparticle implantation or
targeted delivery to the hepatic portal veins, so that the drugs
act rapidly on the lesions. This approach may eliminate the
disadvantages associated with oral drugs, reducing the drug
dosage and systemic toxicity, and increasing the therapeutic
efficacy.

In case of flattened and narrowed hepatic portal veins,
hepatic veins and inferior vena cava appearing on MRI exami-
nation and during surgery, the surgeon would usually perform
a hemihepatectomy to dissect blood vessels from the lesions.
If the hepatic artery appears narrowed and the contrast agent
development of the blood vessel is partially interrupted, the
possibility of invasion is greater. The secondary and tertiary
blood vessels of corresponding liver segments may be resected
during a hemiliver resection, reducing the intra-operative risk.
Extensive involvement is indicated if the lesion has invaded
the primary porta hepatis, and irregular stenosis and signs of
blockade appear in the MRI of the hepatic portal vein. In such
cases, the lesion is difficult to dissect during surgery. In such
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cases, extended hemihepatectomy is commonly peformed,
whereby the liver segment is resected along with the walls of
certain blood vessels, and the vessels are then repaired using
patches or direct suturing. In case of invasion of the primary
porta hepatis as well as the secondary porta hepatis, wrap-
ping of the inferior vena cava and hepatic vein root is usually
performed. In such cases, it is difficult to completely excise the
lesion during surgery, and surgeons usually opt for palliative
lesion reduction surgery, wherein certain parts of the lesion
are left behind.

In conclusion, the growth pattern of intermediate and
advanced HAE is determined by the location, blood supply
and activity of the lesion. Considering its vein-targeting
feature, lesions tend to invade the intrahepatic venous system
and porta hepatis.
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