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SHIGEO MARUYAMA', MASAHIKO KODAZ, TOMOMITSU MATONO® and HAJIME ISOMOTO?

1Department of Internal Medicine, Maruyama Medical Clinic, Hamada, Shimane 697-0034; 2Depar‘[ment of Internal Medicine,

Hino Hospital, Hino, Tottori 689-4504; 3Department of Multidisciplinary Internal Medicine, Faculty of Medicine,

Tottori University, Yonago, Tottori 683-8504, Japan

Received June 30, 2020; Accepted February 5, 2021

DOI: 10.3892/mco0.2021.2245

Abstract. Little is known concerning causal factors associated
with the size and echogenicity of hepatic hemangiomas. The
aim of the present study was to investigate the associations
between tumor size and echo pattern and coagulation
factors, and to elucidate the growth pattern of hemangiomas.
In 214 consecutive patients with hepatic hemangiomas,
ultrasonography was performed to determine total tumor
number, size, echogenicity and location, and serum laboratory
tests for liver function and coagulation factors were carried
out. The ultrasonographic appearance of hemangiomas was
homogeneous in 75.7% of cases and mixed in 24.3% of cases. A
mixed echo pattern was seen in 1 out of 145 masses (0.7%) with
a diameter <20 mm, in 30 out of 48 (62.5%) with a diameter of
20-40 mm, and in all of the 21 (100%) with a diameter >40 mm.
Platelet counts (P<0.0001) and fibrinogen levels (P<0.01) were
lower in patients with larger and mixed tumors. Levels of
thrombin-antithrombin IIT complex (TAT), D-dimer, and fibrin
and fibrinogen degradation products (FDP) were significantly
elevated along with an increase in tumor size (all P<0.0001),
and the number of patients with the abnormal values of TAT,
D-dimer, and FDP was significantly higher in the mixed group
than in the homogeneous group (all P<0.0001). Fibrinogen
(P<0.01), platelet count (P<0.001), portal vein diameter
(P<0.0001), splenic index (P<0.01), and levels of TAT, D-dimer
and FDP (all P<0.0001) were significantly associated with tumor
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size. Multivariate analysis revealed TAT, D-dimer and FDP as
independent predictors of tumor size. The internal echo pattern
became mixed as size increased. The size and echogenicity
of hemangiomas were closely associated with coagulation
factors. Therefore, it was speculated that differences in size
and echogenicity were caused by intratumoral thrombosis and
subsequent hemorrhage.

Introduction

Hepatic hemangioma is the most common benign tumor of
the liver, with a prevalence of 0.4-7.3%, and an incidence
of 1.7% on abdominal ultrasonographic examination (1,2).
Hepatic hemangiomas are composed of multiple and large
vessels lined by a single layer of endothelial cells within a
thin fibrous stroma (2,3). Advances in abdominal imaging
technology and their widespread application have improved
the detection of benign liver tumors and most hepatic heman-
giomas can be accurately diagnosed by imaging techniques.
Ultrasonography (US) is the most commonly performed
screening method because it is non-invasive, inexpensive,
and commonly available, and has high specificity and sensi-
tivity (3). On abdominal US, hemangiomas are generally
visualized as homogeneous, hyperechoic, and well-defined
lesions, although several studies have reported variations of
these appearances in large lesions, and that the internal echoes
become inhomogeneous as the mass increases in size (2,4-7).
However, little is known regarding the causes for the relation-
ship between hemangioma size and echogenicity. While, it
is well known that a giant hemangioma leads to coagulation
abnormality, Kasabach-Merritt syndrome (KMS). However,
the relationship between coagulation abnormality and heman-
gioma size or echogenicity is not clear. In most cases, hepatic
hemangiomas are small and cause no symptoms. Therefore,
most hepatic hemangiomas are diagnosed incidentally and
have little clinical significance. Large hemangiomas occa-
sionally can cause signs and symptoms sufficiently severe to
require treatment. However, the management of patients with
asymptomatic hemangiomas remains under debate. The reason
is that previous studies have not shown the sufficient data that
are available on the natural history of hepatic hemangiomas
and their tendency to cause hemangioma-related complica-
tions. The aim of this study is to investigate the correlation
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between tumor size and the internal echo pattern revealed by
US and the clinical factors, especially coagulation factors, to
elucidate the natural history and growth pattern of heman-
giomas.

Patients and methods

Patients. This study was approved by the ethics review board
of Tottori university hospital (approval numbers: 18A023)
and the ethical committee of Hino hospital (approval
numbers: 2018-4). Of 16,403 abdominal US examina-
tions performed at our hospitals between January 2016 and
December 2018, 214 patients were diagnosed with hepatic
hemangioma and were consecutively enrolled in this study after
giving informed consent. Those with infectious diseases, liver
cirrhosis, or malignant tumors were excluded from the study.
Patients with abnormal values of thrombin-antithrombin III
complex (TAT) (>3.0 ng/ml), D-dimer (>1.0 yg/ml), and fibrin
and fibrinogen degradation products (FDP) (>5.0 ug/ml) were
referred for cardiovascular medicine consultation to prevent
complications of thrombosis such as deep vein thrombosis or
lung thrombosis.

Methods. Hepatic hemangiomas were diagnosed by US and
multiphase contrast-enhanced helical computed tomog-
raphy (CT). Their appearance on US is of homogeneous,
hyperechoic, well-defined lesions, although larger heman-
giomas showed mixed echogenicity. On CT, they were
characterized as well-defined, homogeneous, hypodense
lesions with peripheral nodular enhancement followed
by progressive centripetal enhancement (1,7). In the most
hemangiomas (diameter <20 mm), the final diagnosis was
established based on the US features, clinical observation, and
negative biochemical results. Relatively large lesions (diameter
>20 mm) were diagnosed using both US and CT. Abdominal
US was performed in all patients, and CT was performed in
67 patients. The US findings were reviewed and the following
were recorded: Total number of hepatic hemangiomas, size,
echogenicity, location, diameter of the portal vein, and the
splenic index. In the case of multiple hemangiomas, the tumor
with the largest diameter was selected for analysis. All patients
were examined by US examiners who had 30 years of experi-
ence.

Hepatic hemangiomas can be divided into two major
groups: Capillary hemangiomas and cavernous heman-
giomas (2). In the present study, however, hemangiomas were
not classified into the two tumor types due to difficulties in
distinguishing them by US and CT. According to a previous
study, most hemangiomas (~80%) are cavernous type (8).
Using the method described in a previous study of giant
cavernous hemangiomas (9), we divided the hepatic heman-
giomas into three groups according to maximum diameter:
Small group (<20 mm), medium group (20-40 mm), and large
group (>40 mm). The internal echo pattern was classified into
two groups: Homogeneous group (homogeneous hyperechoic,
homogeneous hypoechoic, and isoechoic) and mixed group
(mixed hyperechoic and mixed hypoechoic) (1).

Routine laboratory tests were performed using automated
methods. Blood platelet counts in the range 14-38x10*/mm? were
considered normal. Prothrombin time (PT) was determined by

the coagulation method using one-stage prothrombin-time assay
(Japan Clinical Laboratory, Kyoto, Japan), with values in the
range 70-130% considered normal. Fibrinogen was determined
by rapid physiological coagulation technique using the clotting
method (Japan Clinical Laboratory, Kyoto, Japan), with values
in the range 180-400 mg/dl considered normal. Plasma TAT
concentration was determined by a chemiluminescent enzyme
immunoassay (Special Reference Laboratory, Tokyo, Japan).
The normal TAT level is <3.0 ng/ml and the lower detection limit
is 1.0 ng/ml. In 55 of 214 patients, the TAT level was <1.0 ng/ml.
The concentrations of D-dimer and FDP were determined by
a latex immunoturbidimetric assay (Japan Clinical Laboratory,
Kyoto, Japan). The normal D-dimer and FDP levels are <1.0
and <5.0 ug/ml, respectively, with lower limits of sensitivity
of 0.5 pug/ml for D-dimer and 2.6 pg/ml for FDP. In 77 and
187 of 214 patients, the D-dimer and FDP levels were <0.5 and
<2.6 pg/ml, respectively. The values of TAT, D-dimer and FDP
in 55,77 and 187 of 214 patients were undetectable, therefore
we categorized measured values as normal (TAT <3.0 ng/ml,
D-dimer <1.0 ug/ml, FDP<5.0 yg/ml) and abnormal value
(TAT=3.0 ng/ml, D-dimer =1.0 pg/ml, FDP=5.0 pug/ml) and
analyzed the difference among groups.

Follow-up study was performed with repeated US and
blood examinations in patients with follow-up period over
at least one year. The largest diameter of each tumor was
recorded on the printed US images. Of the 214 patients with
hepatic hemangiomas, 93 patients received at least two US and
coagulation examinations in the follow-up period. The average
follow-up period after the initial examination was 21.1 months
(range, 12-29 months).

Statistical analysis. All measurements are expressed as
the mean + SD. Differences among the three size groups
were analyzed using one-way analysis of variance and
Tukey's post hoc test, and the differences between the two
echo pattern groups were analyzed using an unpaired t-test.
Categorical variables were analyzed using the Chi-square
test. Correlation analysis was carried out by univariate
linear regression analysis. The multivariate forward stepwise
regression analysis was used to identify independent factors
related to the tumor size of hepatic hemangiomas. The data
were analyzed using Stat Flex version 6.0 (Artech Co., Ltd.).
A P-value <0.05 was considered statistically significant.

Results

Patient characteristics. Fig. 1 shows the internal echo patterns
of hemangiomas according to mean tumor diameter. Most of
small group were homogeneous. As the size increased, the
internal echo pattern became the mixed echo type.

Among the 216 patients with hepatic hemangiomas,
2 patients were excluded because of high values of protein
induced by vitamin K absence-II (PIVK A-II), which prevented
differentiation from malignant tumors. A total of 214 patients
were enrolled in the present study. The laboratory findings of
these patients are listed in Table I. There were 74 men and
140 women (male:female ratio, 1:1.9), with a median age of
55 years (range, 23-89 years). All patients, except one patient
with abdominal distension, were asymptomatic, and their
hemangiomas had been discovered at a routine health exami-
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Figure 1. Internal echo pattern according to different size of hemangiomas. Scale bars, 10 mm.

nation or as an incidental finding on radiological studies. At
the time of diagnosis, serum laboratory tests were normal in
190 of 214 (88.8%) patients. Twenty-four patients had slight
elevation in transaminases, glutamyl transpeptidase, or alka-
line phosphatase. Thirty-two patients (15.0%) had underlying
chronic liver disease. No patient had received surgical treat-
ment.

The US findings are listed in Table II. The sonographic
appearance of the hemangiomas was hyperechoic in 159
(74.3%), hypoechoic in 2 (0.9%), and isoechoic in 1 (0.5%)
patient. The lesions presented a mixed echo pattern in
52 (24.3%), with hyperechoic areas alternating with
hypoechoic or anechoic areas. 145 (67.8%) patients were in
small group, 48 (22.4%) in medium group, and 21 (9.8%) in
large group. The lesions were located in the right liver lobe in
180 (84.1%), in the left liver lobe in 32 (15.0%), and bilaterally
in 2 (0.9%) patients. A single hemangioma was detected in
173 (80.8%) patients. The remaining 41 (19.2%) patients had
multiple tumors. Median portal diameter and splenic index
were 10.8 mm and 1,295 mm?, respectively.

Association among hemangioma size, echo patterns and
clinical parameters including coagulation factors. Table 111
shows the relationship of tumor size to the clinical param-
eters. There was no significant difference in terms of mean
age or the male:female ratio among the three groups.
Albumin concentration was significantly lower in the large
group than in the other groups (P<0.01), but no biochemistry
values except albumin and BUN showed significant differ-
ences among the three groups. Hemoglobin concentration
was significantly lower in the large group than in the medium
group (P<0.05). Values of Mac-2 binding protein glycosyl-
ation isomer (M2BPGi) were significantly higher in the large
group than in the small group (P<0.05) and PIVKA-II levels

were significantly higher in the medium and large group
(both P<0.01) than in the small group. Almost all tumors
(99.3%) in the small group were homogenous. In the medium
group, a homogeneous pattern was seen in 37.5% (18/48) of
hemangiomas and a mixed echo pattern in 62.5% (30/48). All
hemangiomas in the large group had mixed echo patterns.
Portal vein diameter was significantly higher in the medium
and large group (both P<0.01) than in the small group.
Table IV shows the relationship of the echo pattern to the
clinical parameters. The mean age and the male:female ratio
were similar in the homogeneous and mixed groups. Albumin
concentration was significantly lower (P<0.001) and the
values of BUN, Cr, glucose, and PIVKA-II were significantly
higher in the mixed group than in the homogeneous group.
Tumor size in the mixed group was significantly larger than in
the homogeneous group (P<0.0001). Portal vein diameter and
splenic index were significantly elevated in the mixed group
(P<0.001 and P<0.05, respectively).

Fig. 2 shows the relationship of tumor size to the
coagulation markers (platelet, PT and fibrinogen). Platelet
count was significantly lower in the large group than in the
small and medium groups (P<0.01) and fibrinogen level was
significantly lower in the large group than in the small group
(P<0.01). PT was similar among all groups. Table V shows the
relationship of tumor size to the coagulation markers (TAT,
D-dimer and FDP). The number of patients with the abnormal
value of TAT, D-dimer, and FDP significantly increased along
with the tumor size (all P<0.0001).

Fig. 3 shows the relationship of echo pattern to the
coagulation markers (platelet, PT and fibrinogen). Platelet count
(P<0.0001) and fibrinogen level (P<0.01) were significantly
lower in the mixed group than in the homogeneous group. PT
was similar in these two groups. Table VI shows the relationship
of echo pattern to the coagulation markers (TAT, D-dimer and
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Table I. Laboratory findings of 214 patients with hepatic
hemangioma.

Table II. Ultrasonographic findings of 214 patients with
hepatic hemangioma.

Parameters Value Characteristics Value
Age, years 55«15 Echo pattern, n (%)
Sex, n (male/female) 74/140 Hyperechoic 159 (74.3)
Biochemistry Hypoechoic 2(09)
Total bilirubin, mg/dl 0.6+0.3 Isoechoic 1(0.5)
Albumin (g/dl) 43403 Mixed 52(24.3)
ALT, U/l 2014 Size of hemangioma, n (%)
GGT, U/l 38+44 Small (<20 mm) 145 (67.8)
ALP, U/l 232+78 Medium (20-40 mm) 48 (22.4)
BUN, mg/dl 14.5£3.9 Large (>40 mm) 21 (9.8)
Cr, mg/dl 0.69+0.19 Location of hemangioma, n (%)
LDL-chol, mg/dl 99+24 Right lobe 180 (84.1)
Glucose, mg/dl 101+29 Left lobe 32 (15.0)
Hematology and coagulation Bilateral 2(0.9)
Hemoglobin, g/dl 13.5+1.3 Number of hemangioma, n (%)
WBC, /ul 5,500+1,600 Single 173 (80.8)
Platelet, x10*/mm® 22.3£54 Multiple 41(19.2)
PT, % 94.3+13.1 Portal vein diameter, mm 10.8+2.0
Fibrinogen, mg/dl 275+71 Spleen index, mm> 1,295+558
TAT*, ng/ml 1.69+0.89
D-dimer®, pg/ml 1.03+0.72
FDP¢, ug/ml 4.06+1.24
Serology Ninety-three patients were followed up for at least
M2BPGi, COI 0.57+0.41 12 months. The average follow-up period after the initial
AFP, ng/ml 35+1.6 examination was 21.1 months (range, 12-29 months). There
PIVKA-II, mAU/ml 19.1+6.6 was no significant difference between the first and last data
. . . in the follow-up period in terms of hemangioma size, platelet
ASSOClét,ed liver diseases, n (%) count, ﬁbrinogeI:)nplevel; and all of the TAT,gD-dimer, arlljd FDP
Hepatitis B 6(2.8)
o values (data not shown).
Hepatitis C 5(2.3) Univariate and multivariate analyses were performed to
Autoimmune hepatitis 8(3.7) assess for predictors of tumor size (Table VII). Albumin, Cr,
Primary biliary cholangitis 2(0.9) platelet count, fibrinogen level, PIVK A-II, portal vein diameter,
Alcoholic liver disease 6(2.8) and spleen index were significantly correlated with tumor size.
Nonalcoholic steatohepatitis 5@2.3) To evaluate the significant factors contributing to the tumor
Concomitant diseases, n (%) size, albumin, Cr, platelet count, fibrinogen level, PIVKA-II,
Hypertension 37 (17.3) portgl vein diameter, spleep index, the abnormatl values .Of TAT,
Hyperlipidemia 21 (9.8) D-dlm.er and FDP were 1nclgded in a stepwise multivariate
Diabetes 10 (4.7) analysis. TAT (P<0.05), D-dimer and FDP (both P<0.0001)

The numbers of patients with detectable values were “n=159, "n=137
and ‘n=27. Values are presented as the mean + standard deviation or
number (%).ALT,alanine transeferase; GGT,y-glutamyltranspeptidase;
ALP, alkaline phosphatase; BUN, blood urea nitrogen; Cr, creati-
nine; LDL, low density lipoprotein; WBC, white blood cell; PT,
prothrombin time; TAT, thrombin-antithrombin III complex; FDP,
fibrin and fibrinogen degradation products; M2BPGi, Mac-2 binding
protein glycosylation isomer; AFP, a-fetoprotein; PIVKA-II, protein
induced by vitamin K absence-II.

FDP). The number of patients with the abnormal values of TAT,
D-dimer, and FDP was significantly higher in the mixed group
than in the homogeneous group (all P<0.0001).

were identified as independent factors related to the tumor size.
Discussion

Hepatic hemangiomas are the most common benign tumors
of the liver, and have a prevalence of 0.4-7.3% on autopsy
series and an incidence of 1.7% on abdominal US examina-
tion (1,2). The prevalence in the present study was 1.3%. The
majority of the present patients were asymptomatic, and the
lesions were detected incidentally during routine abdominal
US examinations. Patients were asymptomatic even in the case
of very large hemangiomas, although one patient who had a
relatively large and superficially located hemangioma had
abdominal distension.

We classified the internal echo patterns into homogeneous
(homogeneous hyperechoic, homogeneous hypoechoic,
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Table III. Association between tumor size and clinical parameters in 214 patients with hepatic hemangioma.
Parameters Small (n=145) Medium (n=48) Large (n=21) P-value
Age, years 53+15 57+14 59+14 0.130
Male/female, n 47/98 19/29 8/13 0.622
Biochemistry
Total bilirubin, mg/dl 0.6£0.3 0.6+0.3 0.5+£0.2 0.693
Albumin, g/dl 44+02 44403 4.1x0.3*° 0.001
ALT, U/ 21+15 20+11 18+9 0.645
GGT, U/l 39+46 41+40 30+32 0.637
ALP, U/l 231£79 232476 231484 0.997
BUN, mg/dl 14.2+£3.7 14.6+4.3 16.6£3.9¢ 0.038
Cr, mg/dl 0.68+0.16 0.71+0.24 0.75+0.17 0.248
LDL-chol, mg/dl 98+24 102+26 99+20 0.286
Glucose, mg/dl 98+27 104+34 109+33 0.147
Hematology
Hemoglobin, g/dl 13.5£1.3 13.7£1.2 12.8+1.7°¢ 0.029
WBC, /ul 5,600+1,600 5,500+1,500 5,400+1,600 0.786
Serology
M2BPGi, COI 0.55+0.42 0.64+0.50 0.77+0.40°¢ 0.017
AFP, ng/ml 34+1.5 3.8+1.6 3.3+20 0.082
PIVKA-II, mAU/ml 17.9+£6.5 21.0£6.4 22.8+6.1*° <0.001
Echo pattern, n (%) <0.001
Homogeneous type 144 (99.3) 18 (37.5) 00.0)
Mixed type 1(0.7) 30 (62.5) 21 (100.0)
Portal vein diameter, mm 104+1.9 11.3+1.6¢ 12.3£2.0* <0.001
Spleen index, mm? 1,227+515 1,368+527 1,604+749¢ 0.042

"P<0.01 vs. small group; °P<0.01 vs. medium group; “P<0.05 vs. small group; ‘P<0.05 vs. medium group. Values are presented as the
mean =+ standard deviation or number (%). ALT, alanine transeferase; GGT, y-glutamyltranspeptidase; ALP, alkaline phosphatase; BUN, blood
urea nitrogen; Cr, creatinine; LDL, low density lipoprotein; WBC, white blood cell; M2BPGi, Mac-2 binding protein glycosylation isomer;
AFP, a-fetoprotein; PIVKA-II, protein induced by vitamin K absence-II.

and isoechoic) and mixed (mixed hyperechoic and mixed
hypoechoic) type (1). The sonographic appearance was
homogeneous in 75.7% and mixed in 24.3% of the present
lesions. Hemangiomas are usually visualized on US as
well-defined, homogeneous, hyperechoic lesions. However,
the appearance can vary in larger lesions because of
intra-tumoral thrombosis, hemorrhage, fibrosis, or calcifica-
tion, resulting in a heterogeneous or sometimes hypoechoic
appearance (7,8,10). In the present study, a mixed echo
pattern was seen in 1 of 145 masses (0.7%) with diameter
<20 mm, in 30 of 48 (62.5%) with diameter 20-40 mm,
and in all 21 (100%) with diameter >40 mm. This result
clearly demonstrates that the internal echo pattern becomes
inhomogeneous with increasing size of the mass. Central
degeneration resulting from thrombosis or hemorrhagic
necrosis may cause the decreased echogenicity seen in part
or completely throughout large hemangiomas (6). The size
and internal echo pattern of hepatic hemangiomas may be
caused by intra-tumoral thrombosis or hemorrhage. Some
authors have reported that the heterogeneous appearance
of larger lesions is the result of intra-tumoral thrombosis
or hemorrhage (10) and that the internal echoes become

increasingly inhomogeneous as the mass increases in size
because of the histopathological presence of thrombosis,
fibrosis, hemorrhage or calcification (1).

KMS is well known as a giant hepatic hemangioma
characterized by a large vascular anomaly and consumption
coagulopathy (11). The primary pathophysiology of KMS
developing secondarily to hepatic hemangioma is considered
as the entrapment of platelets in the vascular spaces of the
hemangioma, and activation of coagulation and fibrinolysis
mechanisms (11,12). A proposed mechanism for the platelet
trapping is adhesion to the endothelium of the hemangioma,
with aggregation and activation of platelets. Excessive flow
and shear stress within the vessels of the hemangioma can
also contribute to platelet activation. Consumption of plate-
lets and coagulation factors, as well as ongoing fibrinolysis,
results in intralesional bleeding and enlargement of the
hemangioma (13); consequently, hemangiomas may lead to
KMS during a certain period of life (11). PT and activated
partial thromboplastin time (APTT) are typically prolonged,
fibrinogen is reduced, and FDP and D-dimer can be elevated.
Localized intralesional bleeding may occur, thus enlarging the
lesion and exacerbating the underlying process (14).
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Table IV. Association between echo pattern and clinical parameters in 214 patients with hepatic hemangioma.

Parameters Homogenous type (n=162) Mixed type (n=52) P-value
Age, years 54+15 57+14 0.153
Male/female, n 54/108 20/32 0.611
Biochemistry
Total bilirubin, mg/dl 0.6+0.3 0.5+0.2 0.628
Albumin, g/dl 44+0.2 42+0.3 <0.001
ALT, U/ 20+14 19+12 0.973
GGT, U/l 38+45 39+40 0.903
ALP, U/l 234482 222469 0.364
BUN, mg/dl 14.1£3.7 15.7+4 4 0.026
Cr, mg/dl 0.68+0.16 0.75+0.24 0.046
LDL-chol, mg/dl 100+24 97+24 0.539
Glucose, mg/dl 97+26 111436 0.014
Hematology
Hemoglobin, g/dl 13.6+1.3 13.2+14 0.118
WBC, /ul 5,600+1,500 5,500+1,700 0.647
Serology
M2BPGi, COI 0.55+0.40 0.73+0.53 0.074
AFP, ng/ml 3414 3.8+x19 0.278
PIVKA-II, mAU/ml 18.1+£6.6 22.1+5.7 <0.001
Tumor size, mm 12452 40.3+18.8 <0.001
Portal vein diameter, mm 10.5+1.9 11.7£2.0 <0.001
Spleen index, mm? 1,240+529 1,458+602 0.018

Values are presented as the mean + standard deviation. ALT, alanine transeferase; GGT, y-glutamyltranspeptidase; ALP, alkaline phosphatase;
BUN, blood urea nitrogen; Cr, creatinine; LDL, low density lipoprotein; WBC, white blood cell; M2BPGi, Mac-2 binding protein glycosyl-
ation isomer; AFP, a-fetoprotein; PIVKA-II, protein induced by vitamin K absence-II.
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Figure 2. Association between tumor size and coagulation markers in 214 patients with hepatic hemangioma. P-values at the top indicate the comparison
among the three groups by one way ANOVA. “P<0.01 vs. small group; “P<0.01 vs. medium group. PT, prothrombin time.

Meanwhile hepatic hemangiomas are also a congenital
vascular malformation, consisting of vascular channels
ranging in size from capillary to cavernous and lined by a
single layer of flattened endothelial cells within a thin fibrous
stroma (3,6,15). The pathogenesis of hemangioma is not well
understood; however, these lesions can enlarge with time
or can involute with regressive changes such as thrombosis,
necrosis, calcification, and/or fibrosis (4). The internal echoes

become inhomogeneous as the mass increases in size because
of the histopathological presence of thrombosis, fibrosis,
hemorrhage, or calcification (1). Bleeding disorders caused
by excessive flow and shear stress within the vessels of the
hemangioma result from intravascular coagulation within the
tumor (11,16). In the present study, patients with larger and
mixed echo type hemangiomas had significantly lower platelet
counts and fibrinogen levels than those of the other types,
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Table V. Association between tumor size and coagulation markers in 214 patients with hepatic hemangioma.

Coagulation markers Small (n=145) Medium (n=48) Large (n=21) P-value
TAT
Normal value 145 46 12 <0.001
Abnormal value 0 2 9
D-dimer
Normal value 132 36 0 <0.001
Abnormal value 13 12 21
FDP
Normal value 145 48 11 <0.001
Abnormal value 0 0 10

TAT, thrombin-antithrombin III complex; FDP, fibrin and fibrinogen degradation products.
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Figure 3. Association between echo pattern and coagulation markers in 214 patients with hepatic hemangioma. PT, prothrombin time.

and the values of TAT, D-dimer, and FDP were significantly
elevated with increasing tumor size; those of the mixed echo
group were significantly higher than those of the homogenous
group. We examined independent factors among the clinical
parameters for the size of hemangiomas and found that
serum TAT, D-dimer and FDP were important independent
factors. From these results, we speculate that lesion size and
echogenicity on US are associated with coagulation factors,
especially TAT, D-dimer, and FDP. These factors are well
known as hemostatic and fibrinolytic biomarkers that are
considered useful for the diagnosis of thrombosis (17,18).
Therefore, we can conclude that differences in the size and
echogenicity of hemangiomas are caused by intra-tumoral
thrombosis and subsequent hemorrhage.

TAT is induced by thrombin and is direct evidence of the
increased activation of coagulation and the consumption of
inhibitors. Therefore, the TAT level reflects the early phase of
thrombosis and is a useful predictor of prethrombotic state.
Elevated TAT reflects activation of the coagulation system and
indicates a hypercoagulable state in which, together with the
stasis of blood flow that occurs within the vessels of a heman-
gioma, thrombosis can easily form (18). D-dimer, a product of
fibrin degradation, reflects both the activation of fibrinolysis and

the severity of the hypercoagulable state. Elevated D-dimer can
result from the marked activation of blood coagulation, leading
to massive formation of intravascular thrombosis. Accordingly,
increased plasma levels of D-dimer are considered to reflect
the presence of intravascular thrombosis (19). FDP consists
of both fibrin and fibrinogen-degradation products, and the
levels of FDP are often closely correlated with D-dimer. More
than 50% of patients with FDP values >5.0 yg/ml have some
thrombosis, suggesting that these patients may have a hyper-
coagulable state. Thus, high plasma levels of FDP, including
D-dimer, reflect a thrombotic state and suggest the presence
of venous thromboembolism (17). As D-dimer and FDP reflect
secondary fibrinolysis after clot formation, they may not be
useful as early predictive markers for thromboembolism. In
contrast, the TAT level is direct evidence of the increased
activation of coagulation and the consumption of inhibitors.
The half-life of TAT is short, whereas that of D-dimer is long.
Thus, TAT levels increase rapidly and diminish relatively soon
after the onset of thromboembolism (18). In the present study,
almost all patients with prominent elevation of D-dimer and
FDP also had high TAT levels, suggesting a hypercoagulable
state and subsequent repeated formation of thromboembolism
and fibrinolysis within the vessels of hemangiomas.
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Table VI. Association between echo pattern and coagulation markers in 214 patients with hepatic hemangioma.

Coagulation markers Homogenous (n=162) Mixed (n=52) P-value
TAT
Normal value 162 40 <0.001
Abnormal value 0 12
D-dimer
Normal value 148 19 <0.001
Abnormal value 14 33
FDP
Normal value 162 42 <0.001
Abnormal value 0 10

TAT, thrombin-antithrombin III complex; FDP, fibrin and fibrinogen degradation products.

Table VII. Univariate and multivariate regression analyses of factors associated with tumor size in 214 patients with hepatic

hemangioma.
Univariate analysis Multivariate analysis

Variables r P-value § SE () P-value
Albumin -0.162 0.018 2.680 3.04 0.379

Cr 0.156 0.023 0.625 3.97 0.875

Platelet -0.305 0.001 -0.237 0.14 0.094
Fibrinogen 0.223 0.001 -0.020 0.01 0.052
TAT a 9.419 3.67 0.011

D-dimer a 11.959 2.02 <0.001

FDP a 30.690 4.10 <0.001

PIVKA-II 0.263 <0.001 0.203 0.11 0.076
Portal vein diameter 0.329 <0.001 0.735 0.39 0.064
Spleen index 0.181 0.008 -0.0001 <001 0.961

*TAT, D-dimer and FDP were analyzed using a ¥’ test (see Table V). Cr, creatinine; TAT, thrombin-antithrombin III complex; FDP, fibrin and
fibrinogen degradation products; PIVKA-II, protein induced by vitamin K absence-II.

Fibrinogen is converted to fibrin by activated thrombin
and is a key protein in the coagulation pathway, clot forma-
tion, and in supporting platelet aggregation, which forms the
final step of the coagulation cascade. Platelets are also crucial
in the coagulation system (20). A previous study reported
that plasma fibrinogen levels were correlated with platelet
counts (21). Our results demonstrated that patients with larger
lesions or mixed echo pattern had significantly lower platelet
counts and fibrinogen levels. We speculated that there could be
two possible causes for the decrease in fibrinogen levels and
platelet counts as complications associated with hemangiomas,
which are, respectively: (1) enhanced thrombotic formation
through platelet aggregation, (2) increased consumption of
fibrinogen caused by increased activation of fibrinolysis;
and (1) entrapment of platelets in the vascular spaces of the
hemangioma and activation of coagulation, (2) consumption of
platelets in addition to ongoing fibrinolysis. In several previous
studies of 51Cr-platelets or 125I-fibrinogen (22-25), there was

a rapid removal of radioactive platelets and fibrinogen from
the circulation in hemangioma patients. Low platelet counts
and fibrinogen levels were considered to be the result of intra-
vascular coagulation in the hemangioma, and it was concluded
that platelets and fibrinogen were consumed or degraded in
the hemangioma. These decreases in platelet counts and
fibrinogen levels were not low enough to be directly related
to systemic bleeding disorders, but rather an indirect effect of
intra-tumoral hemorrhage, along with thrombosis.

Portal vein diameter and splenic index were significantly
elevated in our patients with larger tumor size and mixed echo
pattern. An experimental model with portal hypertension has
shown that portal pressure positively correlated with spleen
size (26). Portal hypertension develops because of increased
intrahepatic vascular resistance, often caused by chronic
liver disease, that leads to structural distortion by such as
fibrosis and microvascular thrombosis (27,28). In our study,
M2BPGi (29,30), a biochemical marker of liver fibrosis, was
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significantly elevated in patients with relatively large heman-
giomas; in addition, chronic liver disease as underlying disease
was present in 15 of 145 patients (10.3%) in the small group, in
11 of 48 (22.9%) in the medium group, and in 6 of 21 (28.6%)
in the large group, with significant difference in each group
(P<0.05; data not shown). This finding suggests that the values
of M2BPGi in each group might be influenced by the presence
of chronic liver disease as underlying disease. However; the
mean M2BPGi values in the large group were within normal
values and were <1.00 COI, which is the optimal cutoff value
in patients with fibrosis grade F1 (30). Therefore the elevation
of portal vein diameter and spleen index seen in our study
might be not caused by liver fibrosis. Based on our results and
those of previous studies, we speculate that these high values
may have been caused by increased vascular resistance due
to microvascular thrombosis within hemangiomas (27,28),
regional circulatory disorders and liver fibrosis surrounding the
hemangiomas (31,32), and possibly by intrahepatic fibrosis due
to chronic liver disease. Although the effects of these factors
on intrahepatic vascular resistance leading to portal hyperten-
sion are not certain, it is possible that the existence of hepatic
hemangiomas may play a role in triggering portal hypertension.

The significance of change in size of hemangiomas is
controversial. Several studies that have examined the natural
course of hepatic hemangiomas reported that the vast majority
remained stable in size (3,5,6,33). Among the studies that have
reported hemangioma enlargement, there is general agreement
that these lesions increase in size following intra-tumoral
thrombosis or hemorrhage (2,34). In contrast, some authors
have reported that hemangiomas might undergo degeneration
and fibrous replacement, which would explain the size decrease
in one of the hemangiomas (35), and others have reported
that the size decrease in hemangiomas is associated with the
changes in hepatic blood flow and intrahepatic environment
that occur with the progression of liver fibrosis (3,31,32), with
regional circulatory disorders in the peripheral liver that are
triggered by intra-tumoral thrombus formation (36), and with
suppression caused by pressure from the surrounding tissue
after tumor size has increased to a certain degree (37).

In the present study, most of the hepatic hemangiomas
remained stable in size and there was little change in echo
pattern during their natural course. The average follow-up
period after the initial examination was 21.1 months (range,
12-29 months) and the number of follow-up patients was 93.
Our study suffered from limitations regarding the length of
follow up and the number of patients; therefore, we could not
reach significant conclusions from our data. A longer follow-up
period and a larger number of patients are needed to solve this
issue. Because tumors <20 mm in diameter accounted for more
than half of the hemangiomas in the present study, measure-
ment error could easily have occurred in these patients during
the follow-up period. It is necessary to find an appropriate
method to reduce the possibility of false positive findings
caused by such error. However, based on our results and those
of previous studies, we can speculate that the change in the size
of hemangiomas depends on the various influences of growth
factors caused by intra-tumoral thrombosis, hemorrhage, and
necrosis; inhibitory factors caused by intra-tumoral degen-
eration and fibrous replacement; or extra-tumoral circulatory
disorders, liver fibrosis, or pressure from surrounding tumor.
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In conclusion, our study is the first to demonstrate a relation-
ship between tumor size and the internal echo pattern of hepatic
hemangiomas and coagulation factors. Although further studies
are required to evaluate the exact relationship, we speculate
that differences in tumor size and echogenicity are caused by
intra-tumoral thrombosis and subsequent hemorrhage.
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