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Abstract

Objective: To investigate the surgical indication and tactics for liver hemangioma in the caudate lobe

Methods: From January 1994 to July 2019, 137 patients, including 51 males and 86 females with the average age
of 49.2 years old were diagnosed with liver hemangioma in caudate lobe and received treatment at five tertiary
referral hospitals. Clinical features, correlations between tumor size and clinical manifestations, treatments, and
prognosis were analyzed.

Results: Of the 137 patients identified, 40 (29.20%) patients were asymptomatic, whereas other 94 patients had
clinical symptoms mainly presented as upper abdominal discomfort, epigastric distention, upper abdominal dull
pain, nausea, and vomiting. Fifteen (93.75%), 18 (39.13%), and 7 (10.45%) patients presented no clinical symptoms
among those tumor size was less than 3 cm (D ≤ 3 cm, n = 16), 3 cm < D ≤ 6 cm (n = 46), and 6 cm < D ≤ 9 cm (n =
67), respectively, while all 8 patients with tumor larger than 9 cm were symptomatic. Tumor diameter was obviously
associated with the presence of clinical symptoms. In follow-up period, 7 patients in the conservative group (n = 39)
received surgery because of tumor growth or symptom appearance. Totally 105 patients received operation
including partial resection or isolated complete resection of caudate lobe and caudate lobe resection combined
with liver segment resection, right liver resection, or left liver resection. All operations went smoothly, and no
severe complications appeared.

Conclusion: Tumor diameter was obviously associated with the presence of clinical symptoms in patients with
hemangioma in caudate lobe. Surgical therapy is not recommended for asymptomatic patients and available for
patient who has symptoms. Effective surgical strategies should be put into use to reduce operative bleeding.
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Introduction
The caudate lobe, situated deeply in the liver, between the
hepatic hila and inferior vena cava (IVC), is anatomically
special which had made it hardly feasible to operate on it.
Nowadays, caudate lobe surgery remains a challenge to
hepatobiliary surgery and has become a representation of
technically demanding hepatobiliary surgeries. As anat-
omy and medical imaging technology develops, with
cutting-edge surgical instruments and liver blood flow
control techniques, caudate lobe surgery is not hesitating
any more for highly experienced surgeons.
According to reports domestic and overseas, in the

meantime, isolated or combined caudate lobectomy is
mainly the treatment of liver hemangioma, hepatocellu-
lar carcinoma (HCC), metastasis liver carcinoma, hilar
hepatic cholangiocarcinoma (HCCA), hepatolithiasis in
caudate lobe, etc. Among all those hepatobiliary diseases,
liver hemangioma in caudate lobe accounts for a large
proportion [1]. However, little common views have been
reached about the standard of surgical indication, risk
assessment, and selection of treatments for liver
hemangioma to the best of our knowledge [2, 3]. Need-
less to mention that there are rare common opinions
about live hemangioma in caudate lobe. Therefore, we
collected and reviewed case files of patients diagnosed
with liver hemangioma of caudate lobe and treated from
January 1994 to July 2019 at five medical centers in
China and studied the surgical indication and strategy
for liver hemangioma of caudate lobe by analyzing clin-
ical characteristics of the patients.
In this study, we tried to promote the standardization

and normalization of therapeutic algorithm for liver
hemangioma in caudate lobe and if possible, we hope
our study may provoke new ideas and contribute to pre-
vention of overtreatment.

Patients and methods
Patient and variable selection
A multi-institutional database of 137 patients treated at
five large medical institutions was queried for patients
who were diagnosed with liver hemangioma of caudate
lobe by imaging examination between January 1994 and
July 2019. We summarized and analyzed the information
of age, sex gender, clinical manifestation, results of im-
aging and laboratory examination, location and size of
the tumor, treatments, surgical approaches, pathologic
results, postoperative complications, etc.

Treatments
Non-operative treatment
Conservative treatment and follow-up in outpatient de-
partment is recommended to patients who presented no
symptoms or those whose tumor is no more than 3 cm
in diameter.

Surgical treatment
Operations were performed in patients with clinical fea-
tures including upper abdominal discomfort, nausea and
vomiting, epigastric distention, upper abdominal pain
and abdominal mass, patients with capillary angioma-
thrombocytopenia syndrome, females preparing for
pregnancy, and patients that could not be excluded from
malignant disease by imaging examination. Surgical ap-
proaches of partial resection for caudate lobe, isolated
complete resection for caudate lobe, and caudate lobe
resection combined with liver segment resection, right
liver resection, or left liver resection were included in
our study.

Surgical procedures
Of the 105 cases underwent surgery in the study, trad-
itional surgical approaches were taken mainly by the
year of 2010 [4, 5], and then laparoscopic caudate lobe
resection and the approach guided by four surfaces of
caudate lobe were gradually adopted after 2010 [6, 7].

1) Traditional surgical approaches
Left side approach, or right side approach, or
bilateral approach, and anterior transhepatic
approach splitting the liver through the middle liver
fissure were adopted in the operation as traditional
approaches. Operation approaches in detail were
recorded in reference [8].

2) The approach guided by four surfaces of caudate
lobe
The four surfaces of caudate lobe are triple portal
system in first porta hepatis, division of the top of
caudate lobe and middle and left liver vein, short
hepatic vein system in third porta hepatis, and
conjunctions between caudate lobe and left and
right liver [9]. Specific operation techniques could
be found in reference [7, 10, 11]. Once the caudate
lobe could not be separated from the first three
surfaces, anterior transhepatic approach should be
considered.

3) Blood flow control maneuvers including preplacing
tapes around inferior hepatic IVC and first and
second porta hepatis should be adopted as a safety
precaution when encountering superior difficulty of
operation.

4) Laparoscopic surgical approach is processed with
methods above.

Postoperative care and follow-up
Postoperatively, all patients underwent regular periodic
follow-up and reexamination of clinical features, liver
and kidney functions, abdominal CT imaging, type B
ultrasound etc.
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Ethics approval and consent to participate section
Informed consent was obtained from all participating
patients, and the ethics committee of the Xinhua Hos-
pital Affiliated to Shanghai Jiaotong University School of
Medicine, Huzhou Central Hospital, the second affiliated
hospital of Soochow University, Yuebei People’s Hos-
pital, and the Second Affiliated Hospital of Zhejiang
University School of Medicine approved this study.

Results
Demographics (Table 1)
In this study, totally 137 patients were treated in five
large clinical centers in 25 years. There are similar num-
bers of male (n = 73) and female (n = 67) patients with a
gender ratio of 1.14:1, whose median age was 49.2 years.

Clinical features (Table 1)
Asymptomatic patients (n = 40) were discovered acci-
dentally mainly in routine medical examination or in ex-
aminations for other disease, whose diagnosis of liver
hemangioma in caudate lobe was determined by en-
hanced CT scanning. The other 97 patients presented
clinical symptoms including the most common upper
abdominal discomfort (n = 35, 36.1%), epigastric disten-
tion (n = 29, 29.9%), upper abdominal dull pain (n = 23,
23.7%), and nausea and vomiting (n = 10, 10.3%). Symp-
tomatic patients appear mostly in those whose tumor
size is longer than 3 cm in diameter(3 cm < D ≤ 6 cm,
60.9%; 6 cm < D ≤ 9 cm, 89.6%; D > 9 cm, 100%) and only
one of eight patients whose tumor size in diameter is no
longer than 3 cm presents clinical symptoms.

Tumor characteristics (Table 1)
Tumor size in diameter (D) is no larger than 3 cm in 16
patients (16/137, 11.7%) of which only 1 patient (1/16,
6.25%) presented right upper abdominal discomfort, 3
cm < D ≤ 6 cm in 46 patients (46/137, 33.6%) of which 28
cases (28/46, 60.9%) have clinical symptoms, 6 cm < D ≤
9 cm in 67 patients (67/137, 48.9%) of which 60 patients
(60/67, 89.6%) presented gastric symptoms, mainly pres-
sure related symptoms, in different levels, and D > 9 cm
in 8 patients (8/137, 5.8%) that all presented gastric
symptoms mainly as pressure related symptoms com-
panied by pain.

Treatments (Table 2)
There are 39 of 137 patients received conservative treat-
ment and 7 of them were reoperated due to tumor
growth and recurrence of clinical symptoms during
follow-up. The other 105 cases received surgical treat-
ment. There are 2 patients in D ≤ 3 cm group received
operation because of symptoms occurrence in 1 case
and possibility of malignant tumor that could not be
excluded by imaging examination in the other. Surgi-
cal approaches adopted mainly were caudate lobe par-
tial resection, 1 of them received anterior transhepatic
caudate lobe resection cutting through the middle
liver fissure because of the tumor’s location aside
vena cava (Fig. 1).

Table 1 Clinical characteristics of 137 patients

n = 137

Age (years) 49.2 (32.5–79.7)

Gender

Male 73/137 (53.3%)

Female 64/137 (46.7%)

Tumor location

Spigelian lobe 21/137 (15.3%)

Para-IVC 10/137 (7.3%)

Caudate process 12/137 (8.8%)

Whole caudate lobe 75/137 (54.7%)

Caudate lobe and left liver 3/137 (2.2%)

Caudate lobe and right liver 5/137 (3.6%)

Caudate lobe and liver segments 11/137 (8.0%)

Tumor size (diameter, D) Symptom rate

D≤ 3 cm 16/137 (11.7%) 6.25% (1/16)

3 cm < D ≤ 6 cm 46/137 (33.6%) 60.9% (28/46)

6 cm < D ≤ 9 cm 67/137 (48.9%) 89.6% (60/67)

D > 9 cm 8/137 (5.8%) 100% (8/8)

Table 2 Treatments of hemangioma in the caudate lobe

n = 137

Conservative treatment 32/137 (23.4%)

D≤ 3 cm 14/16 (87.5%)

3 cm < D ≤ 6 cm 16/46 (34.8%)

6 cm < D ≤ 9 cm 2/67 (3.0%)

D > 9 cm 0/8 (0%)

Surgical operation 105/137 (76.6%)

D≤ 3 cm 2/16 (12.5%)

3 cm < D ≤ 6 cm 30/46 (65.2%)

6 cm < D ≤ 9 cm 65/67 (97.0%)

D > 9 cm 8/8 (100%)

Surgical methods

Isolated partial caudate lobe
resection (anterior transhepatic
approach 6 cases)

15/105 (14.3%)

Isolated completed caudate lobe
resection (anterior transhepatic
approach 29 cases)

71/105 (67.6%)

Combined isolated completed
caudate lobe resection

19/105 (18.1%)

Combined with left liver 3

Combined with right liver 5

Combines with liver segments 11
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There are 30 patients in 3 cm < D ≤ 6 cm group re-
ceived operation of which approaches are mainly iso-
lated complete resection of caudate lobe (n = 14) and
partial resection (n = 13). The other three cases that
combined with hemangioma in right liver, S5 segment
and S6 + S7 segments received combined right liver re-
section, S5 segment resection, and S6 + S7 segment re-
section, respectively (Fig. 2).
There are 65 patients operated in 6 cm < D ≤ 9 cm

group mainly by the approach of isolated complete
caudate lobe resection (n = 51) (Fig. 3). Other ap-
proaches were also performed including combined left
liver resection in 2 cases, combined right liver resec-
tion in 3 cases, and combined liver segment resection
in 9 cases.
Eight patients whose tumors were larger than 9 cm in

diameter received surgical treatment, including isolated
complete resection in 5 cases, combined left liver resec-
tion in 1 case, and combined right liver resection in an-
other (Fig. 4).
All patients received surgical treatment went through

operation smoothly and successfully; the average oper-
ation time is 190 min (105–310min), the average blood
loss in operation is 490ml (90–1100 ml), and the average
hospital stay is 7 days (4–14 days). Postoperative compli-
cation including biliary leakage in 2 cases, intraperito-
neal fluid in 5 cases, and pulmonary infection in 1 case
were all cured by conservative treatment and no death
occurred in patients operated (Table 3). No significant

difference of incidence of postoperative complications is
found among four groups of patients, partly because the
number of cases with postoperative complications is too
small.

Follow-up and postoperative care
All cases were followed up periodically no less than
3 years in total and cases followed less than 6months
were recorded as lost to follow-up. Qualified follow-up
files of 124 in 137 patients (90.5%) were acquired. Key
variations in the follow-up were tumor growth, occur-
rence of clinical features etc. in patients with conserva-
tive treatment and relief of symptoms, and recurrence of
hemangioma etc. in patients operated. Among patients
in conservative treatment group, 7 cases turn to surgical
treatment due to tumor growth and appearance of clin-
ical symptoms and the other 32 cases had no obvious
disorder within 3 years during follow-up. All patients got
operation were clinical relieved.

Discussion
Hepatic hemangioma is the most common benign hep-
atic tumor. In recent years, the common standard of
clinical indication of treatment, risk assessment, and se-
lection of therapies for hepatic hemangioma has been
reached among researchers and surgeons [12]. However,
clinical confusions exist on indication and approaches of
treatment for hepatic hemangioma and mistreatment

Fig. 1 Partial resection of caudate lobe through anterior transhepatic approach (a Hemangioma in the caudate lobe aside the IVC. b Partial
resection of caudate lobe. c Hemangioma removed)

Fig. 2 Complete resection of caudate lobe combine with S6 and S7 through anterior transhepatic approach (CT scan showed hemangioma in
the whole caudate lobe and S6, 7. The intraoperative picture showed all the hemangioma removed)
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occurs even cause severe damage to patients’ in physical
and mental interests sometimes [13, 14].
The caudate lobe is a special structure of liver, lying

among major vascular structures, the IVC, the portal tri-
ads, and the hepatic venous confluence. Even though
hepatic hemangioma accounts for a great proportion of
diseases of the caudate lobe, the holistic incidence of
hemangioma in the caudate lobe remains respectively
small. Existing state of affairs makes it relatively more

difficult to accumulate clinical experiences. With the
anatomic traits of the caudate lobe and technique chal-
lenges of surgical procedures, standardization and
normalization of the treatment for hemangioma in caud-
ate lobe seem vaguer.
In this study, we analyzed 137 cases diagnosed with

hepatic hemangioma in caudate lobe and treated in 5
medical centers during the past 25 years retrospectively
for the first time, we analyzed and summarized the

Fig. 3 Isolated complete resection of caudate lobe (a CT scan showed hemangioma in the whole caudate lobe. b and c Showed the
hemangioma intraoperatively, T = tumor. d The whole caudate lobe removed, HP = hepatic pedicle, LL = left liver, IVC = inferior vena cava)

Fig. 4 Isolated complete resection of caudate lobe (a CT scan showed a giant hemangioma in the whole caudate lobe. b and c Tumor vied by
3D reconstruction, T = tumor. d Tumor revealed through anterior transhepatic approach. e Tumor was beside the middle hepatic vein (MHV) and
almost resected)
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correlation between the clinical manifestation and the
size of tumor of hepatic hemangioma in caudate lobe
and based on the research, we propose new strategies
of classification, surgical indication, and operation
procedure.

Clinical features of liver hemangioma in caudate lobe
Liver hemangioma is predominantly single in caudate. In
this study, 86.1% cases were diagnosed with single liver
hemangioma in caudate lobe. Tumors larger than 3 cm
in diameter always occupy the entire caudate lobe and
its growth pattern is mainly along the vena cava to the
inside of liver (Figs. 1 and 4) or along the Spigelian lobe
to the left side. When the tumor grows along and com-
presses the vena cava, symptoms including upper ab-
dominal discomfort and dull pain appear. Tumors along
the Spigelian lobe tend to exert pressure to small curva-
ture of the stomach leading to epigastric distention, nau-
sea, vomiting etc. Abdominal dull pain is also likely to
present when capsule of caudate lobe is stimulated by
the tumor.

Classification of liver hemangioma in caudate lobe
The diameter and number of the tumor are the main
basis for the clinical classification of liver hemangioma.
Foreign recommendation suggests 4 cm in diameter as
the demarcation point, while the domestic guideline rec-
ommends 5 cm in diameter [15–17]. Based on diameter
of the tumor, it is recommended to classify liver
hemangioma to three grades: small hemangiomas (D ≤ 5
cm), large hemangiomas (5 cm<D ≤ 10 cm), and giant
hemangiomas (D> 10 cm) by Chinese experts [17]. And
when analyzing the correlation between tumor size and
clinical symptoms, there are few clinical manifestations
of small liver hemangiomas.
However, due to the special nature of the location of

hepatic caudate lobe, hemangiomas in this structure can
stimulate liver capsule and compress adjacent part of
small curvature of stomach or vena cava, causing

symptoms related. This trait makes significant difference
between liver hemangiomas in caudate lobe different
from other liver hemangiomas. According to our analysis
in this study, we realized that symptoms of liver
hemangioma in caudate lobe are closely related to its
size. The incidence of symptoms is 6.25% (1/16), 60.9%
(28/46), 89.6% (60/67), and 100% (8/8) in patients with
caudate lobe hemangioma in groups of D ≤ 3 cm, 3 cm<
D ≤ 6 cm, 6 cm < D ≤ 9 cm, and D > 9 cm, respectively.
Therefore, we believe that the current classification
standard is not suitable for liver hemangioma in caudate
lobe.
We recommend a new clinical classification of which

divides liver hemangiomas in caudate lobe into four
types (Table 4): type I, isolated hepatic hemangioma in
caudate lobe, divided into four grades: type Ia, D ≤ 3 cm,
type Ib, 3 cm < D ≤ 6 cm, type Ic, 6 cm < D ≤ 9 cm, and
type Id, D > 9 cm; type II, hepatic hemangioma in caud-
ate lobe combined with hepatic hemangioma in other
segments; and type III, hepatic hemangiomas in caudate
lobe combined with hepatic hemangioma in left (IIIa) or
right liver (IIIb).

Treatment for liver hemangioma in caudate lobe
At present, there is no standard to help decide
whether it is appropriate to apply surgical treatment
for liver hemangioma in caudate lobe. The view in
the past that large hepatic hemangioma larger than
10 cm and hepatic hemangioma larger than 5 cm at
the edge of the liver require surgery has been grad-
ually denied in recent years [18].
Especially in a most powerful article recently, Schnell-

dorfer T [19] conducted a follow-up study of 492 pa-
tients with hepatic hemangioma larger than 4 cm in
diameter at the Mayo Clinic for at least 10 years and
found that during the observation period, 2% of patients
in the conservative group were threatened by deadly
complications during the observation period and another
20% of patients present with clinical symptoms, while
the group underwent surgery had a perioperative com-
plication incidence of only 14%, but 7% of patients had
life-threatening complications. Therefore, the authors

Table 3 Intraoperative and postoperative outcomes

Surgical time (min)
Median (range)

190 (105–310)

Blood loss (mL)
Median (range)

490 (90–1100)

Postoperative hospital stay (day)
Median (range)

7 (4–14)

No. of major complications 7.6 (8/105)

Postoperative hemorrhage 0

Bile leak 2

Intra-abdominal collection 5

Pleural effusion 1

Hospital mortality 0

Table 4 Classification of hemangioma in the caudate lobe

Type Location Size

I Ia Caudate lobe D ≤ 3 cm

Ib Caudate lobe 3 cm < D≤ 6 cm

Ic Caudate lobe 6 cm < D≤ 9 cm

Id Caudate lobe D > 9 cm

II Caudate lobe and other segment

III IIIa Caudate lobe and left liver

IIIb Caudate lobe and right liver
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believed that applying surgical procedure for liver
hemangioma should be considered cautiously.
Affected by foreign opinions, the current mainstream

opinion in China is that regardless of tumor size, conser-
vative therapy and regular follow-up instead of surgical
procedure are recommended for asymptomatic patients.
Indications of surgery are [18, 20–22] as follows: (1) liver
hemangioma of any size combined with spontaneous
rupture or other accidents, presenting certain hepatic
subcapsular hemorrhage or abdominal hemorrhage with
hemorrhagic shock; (2) clinical symptoms such as ab-
dominal pain and abdominal mass or consumptive coag-
ulopathy (hemangioma-thrombocytopenia syndrome)
combined with caudate lobe hemangioma; (3) women
preparing for pregnancy with subcapsular large hem-
angiomas, to avoid the risk of tumor rupture and
hemorrhage during pregnancy, preventive surgical resec-
tion is recommended; (4) emergency situation that needs
urgent life-saving treatment; (5) lesions that cannot be
distinguished between benign or malignant disease, es-
pecially when combined with type B hepatitis or cirrho-
sis; and (6) for asymptomatic patients who strongly
require surgery, surgery is not recommended.
However, there had been no guidelines for the treat-

ment of hemangioma in the caudate lobe. With refer-
ence to the experience and procedures of treatment for
hepatic hemangioma, we analyzed the correlation be-
tween tumor size and clinical symptoms of 137 cases
with caudate lobe hemangioma in this study. Our dis-
cussion of the treatment strategies for liver hemangioma
in caudate lobe are as followed:
1) Conservative treatment is recommended for patients

with tumor no bigger than 3 cm in diameter (type Ia).
2) For tumors of type Ib (3 cm < D ≤ 6 cm), we suggest

that asymptomatic patients including those who strongly
require surgery for psychological reasons should receive
conservative treatment and follow-up, while patients
with clinical symptoms which are usually mainly caused
by tumor compression in this group are suitable for sur-
gical approaches such as partial or isolated complete re-
section of caudate lobe.
3) For tumors of type Ic (6 cm <D ≤ 9 cm), surgery

should be considered firstly in both symptomatic and
asymptomatic patients. These patients basically have differ-
ent clinical symptoms. In this case, the surgical approach is
mainly isolated complete resection of caudate lobe.
4) For patients with tumors of type Id (D > 9 cm), it is

recommended to choose surgery. In this study, all pa-
tients with tumors of type Id appeared with clinical
symptoms and were in worse condition compared with
other groups.
5) Liver hemangioma in caudate lobe combined with

and other hepatic hemangioma (type II, type III) is also
not rare and for patients in this situation, surgical

therapy requires much more carefulness. First, it is ne-
cessary to judge whether the indications for surgery are
met. The second is to figure out the causes of symptoms,
to find out whether the hemangioma in caudate lobe or
the rest part of the liver induced clinical symptoms. The
third step is to determine whether it is appropriate to
perform united resection combining the caudate lobe
and other parts of the liver.
In this study, 19 cases were classified into type II and

type III and of these patients, the smallest hemangioma
in the rest of the liver is also bigger than 6 cm in diam-
eter, some other hemangiomas even occupy half of the
liver. Therefore, for patients with tumors of type II or
type III, we performed liver resection of caudate lobe
combined with other liver segments, the left or the right
liver. However, the number of cases is small in our
study; further accumulation is needed for more specific
guidance for this situation.
In recent years, interventional therapy (transhepatic

arterial embolization, TAE) increased in the treatment of
hepatic hemangioma. It is reported [23] that TAE can ef-
fectively occlude small branches of the blood supply ar-
tery and lead to hemangioma fibrosis, in order to stop
tumor growth and promote tumor shrinkage; it can alle-
viate clinical symptoms and achieve therapeutic goals.
We have not adopted this technique yet, but interven-
tional therapy is still recommended considering the diffi-
culty of isolated complete caudate lobe resection.
Radiofrequency ablation (RFA) [24] shows certain value
in the treatment of hepatic hemangioma. It has been re-
ported that RFA successfully treated giant hepatic
hemangioma bigger than 10 cm in diameter. However,
due to the special anatomical location of the caudate
lobe, the implementation of RFA in liver hemangioma in
caudate lobe is very difficult. We have not applied this
technique for caudate lobe hemangioma yet.

Surgical strategies for liver hemangioma in caudate lobe
With cutting-edge surgical instruments and developing
techniques, caudate lobe is no longer an exclusive zone
for surgery. However, how to perform surgeries on caud-
ate lobe effectively and safely and reduce complications
related needs further improvement. According to the ex-
perience of our surgical team, as for approaches, we
highly recommend bilateral approach as a relatively safer
way compared with left or right single-lateral procedure
and anterior transhepatic approach splitting the liver
through the middle liver fissure is not recommended un-
less it necessary for it is accompanied with more risks
and requires more proficient skills. Former studies sug-
gested that hemorrhage and blood transfusion during
the operation are risk factors for postoperative complica-
tions of hepatic hemangioma [25].
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Therefore, we believe that there are two key points for
surgery treating liver hemangioma in caudate lobe: the
first one is doing well in blood flow control to prevent
bleeding; the second one is to streamline the surgical ap-
proach to reduce bleeding and liver damage. Since the
caudate lobe resection was performed in 1994 by our
team, we have gradually improved the blood flow control
techniques in surgeries of caudate lobe, including pre-
placing tapes around first and second porta hepatis,
intrahepatic IVC control, and establishing post-hepatic
tunnel, which are gradually becoming routine preventive
measures for difficult hepatectomy [1, 5].
So how can we actually streamline the surgical ap-

proach of caudate resection and reduce bleeding and un-
necessary liver dissociation and damage in surgery?
Hemorrhage mainly happens in two steps during caud-
ate resection; one is when dealing with hepatic short
veins in third hepatis and the other is when removing
the caudate lobe from its junction with the liver. Redu-
cing bleeding is the key point in these two phases; there-
fore, we tried to improve the traditional left, right, and
left/right combined approaches, guiding the operative
strategy in the way of basing on the essence of surgery
manner [7, 9].
That is to separate caudate lobe from the four sur-

rounding surfaces which are triple portal system in first
porta hepatis, division of the top of caudate lobe and
middle and left liver vein in second porta hepatis, short
hepatic vein system in third porta hepatis, and conjunc-
tions between caudate lobe and left and right liver, of
which the treatment of the short venous system is the
key step. In addition, when separating the caudate lobe
and the left and right hepatic junctions, the hemorrhage
is minimal when cutting along the Peng’s line or tip-to-
process [7, 9], for liver tissues are thin and horizontal in
this structure and the section is the smallest.
With the development of new minimal invasive tech-

nical means like transcatheter arterial embolization
(TAE) and radiofrequency ablation (RFA), more effective
options are available during treatment for patients with
caudate lobe diseases. At the present, our department
still takes surgical operations as the main method treat-
ing caudate lobe diseases and we are looking for further
research combining interventional therapies with surgi-
cal procedure or using interventional techniques to even
replace surgery in some patients.

Conclusion
Hepatic hemangioma is the most common benign tumor
in the liver, but has not been well studied especially for
the hemangioma in the caudate lobe. Because of its spe-
cial location and low coincidence, no specific standard
and little thorough discussion of the treatment for liver
hemangioma in caudate lobe have been reported. By

retrospective analysis of the 137 cases, we intend to offer
a reasonable reference for the standardization and
normalization of the treatment for liver hemangioma in
caudate lobe. As the research sample is small, more ac-
cumulation of cases and perspective studies are required
to improve our study and understand of the disease.

Acknowledgements
Wei Long Cai, Xiao Ming Ma, Xu Heng Sun, Tai Ren, Cong Yun Huang, and
Yong Sheng Li collected the data. Xu Heng Sun, Tai Ren, and Xu An Wang
analyzed the data and wrote the manuscript. Xu An Wang, Ying Bin Liu, and
Shu You Peng designed the study. This study was supported by Shanghai
Pujiang Program, No.17PJD025, Shanghai Natural Science Foundation,
No.17ZR1418500, and Zhejiang Provincial Health Commission,
No.2019ZD051.

Authors’ contributions
Wei Long Cai, Xiao Ming Ma, Xu Heng Sun, Tai Ren, Cong Yun Huang and
Yong Sheng Li collected the data. Xu Heng Sun, Tai Ren and Xu An Wang
analyzed the data and wrote the manuscript. Xu An Wang, Ying Bin Liu and
Shu You Peng designed the study. The author(s) read and approved the final
manuscript.

Funding
Shanghai Pujiang Program, No.17PJD025; Shanghai Natural Science
Foundation, No.17ZR1418500; Platform Plan of Project of Zhejiang Province
Medical and Health Science and Technology Plan, No.2019ZD051

Availability of data and materials
The data and materials were available to email the author.

Consent for publication
The informed consent was obtained from all participating patients.

Competing interests
All the authors deny any form of conflict of interest.

Author details
1Huzhou Central Hospital, Affiliated Central Hospital of Huzhou University,
198 Hongqi Road, Huzhou 313003, Zhejiang Province, People’s Republic of
China. 2Department of General Surgery, The second affiliated hospital of
Soochow University, Suzhou 215000, Jiangsu Province, People’s Republic of
China. 3Department of General Surgery, Xinhua Hospital Affiliated to
Shanghai Jiaotong University School of Medicine, No.1665 Kongjiang Road,
Shanghai 200092, People’s Republic of China. 4Department of General
Surgery, Yuebei People’s Hospital Affiliated to Shantou University School of
Medicine, Shaoguan 512025Guangdong ProvincePeople’s Republic of China.
5Department of Hepatobiliary and Pancreatic Surgery, The Second Affiliated
Hospital of Zhejiang University School of Medicine, Hangzhou 310006,
Zhejiang Province, People’s Republic of China.

Received: 15 January 2020 Accepted: 1 June 2020

References
1. Peng SY, Li JT, Mou YP, Liu YB, Wu YL, Fang HQ, Cao LP, Chen L, Cai XJ,

Peng CH. Different approaches to caudate lobectomy with “curettage and
aspiration” technique using a special instrument PMOD: a report of 76
cases. World J Gastroenterol. 2003;9(10):2169–73. https://doi.org/10.3748/
wjg.v9.i10.2169.

2. Di Carlo I, Toro A. Limiting the surgical indications for liver hemangiomas
may help surgeons and patients. J Am Coll Surg. 2011;212(6):1098–9.
https://doi.org/10.1016/j.jamcollsurg.2011.03.003.

3. Hajong R. Giant hepatic hemangioma. Indian J Gastroenterol. 2013;32(5):352.
https://doi.org/10.1007/s12664-013-0318-1.

4. Peng SY, Li JT, Liu YB, Cai XJ, Mou YP, Feng XD, Wang JW, Xu B, Qian HR,
Hong DF, Wang XB, Fang HQ, Cao LP, Chen L, Peng CH, Liu FB, Xue JF.
Surgical treatment of hepatocellular carcinoma originating from caudate
lobe--a report of 39 cases. J Gastrointest Surg. 2006;10(3):371–8. https://doi.
org/10.1016/j.gassur.2005.09.026.

Cai et al. World Journal of Surgical Oncology          (2020) 18:123 Page 8 of 9

https://doi.org/10.3748/wjg.v9.i10.2169
https://doi.org/10.3748/wjg.v9.i10.2169
https://doi.org/10.1016/j.jamcollsurg.2011.03.003
https://doi.org/10.1007/s12664-013-0318-1
https://doi.org/10.1016/j.gassur.2005.09.026
https://doi.org/10.1016/j.gassur.2005.09.026


5. Peng SY, Liu YB, Wang JW, Li JT, Liu FB, Xue JF, Xu B, Cao LP, Hong DF,
Qian HR. Retrograde resection of caudate lobe of liver. J Am Coll Surg. 2008;
206(6):1232–8. https://doi.org/10.1016/j.jamcollsurg.2007.11.013.

6. Jin Y, Wang L, Yu YQ, Zhou DE, Liu DR, Yang JJ, Peng SY, Li JT. Anatomic
isolated caudate lobectomy: is it possible to establish a standard surgical
flow? World J Gastroenterol. 2017;23(41):7433–9. https://doi.org/10.3748/wjg.
v23.i41.7433.

7. Peng SY. Approaches to the caudate lobe. In: Hepatic Caudate Lobe
Resection [M]. Springer, Berlin, Heidelberg. 2010,33-141. ISBN: 978-7-308-
06598-6.

8. Chaib E, Ribeiro MA Jr, Silva Fde S, Saad WA, Cecconello I. Surgical
approach for hepatic caudate lobectomy: review of 401 cases. J Am Coll
Surg. 2007;204(1):118–27. https://doi.org/10.1016/j.jamcollsurg.2006.09.020.

9. Peng SY. Anatomy. In: Hepatic Caudate Lobe Resection [M]. Springer, Berlin,
Heidelberg. 2010,1-14. ISBN: 978-7-308-06598-6.

10. Wang XA, Wu XS, Li ML, Wu WG, Zhang F, Lu JH, Shi WB, Gu J, Dong P,
Gong W, Zhang Y, Wang XF, Liu YB, Quan ZW, Peng SY. The update
strategy of the isolated caudate lobe resection: a report of 21 cases.
Chinese Journal of Practical Surgery. 2014;34(8):754–6. https://doi.org/10.
7504/CJPS.ISSN1005-2208.2014.08.22.

11. Wang XA, Liu YB, Quan ZW, Peng SY. Importance of surgical anatomy in the
resection of caudate lobe. Chinese Journal of Practical Surgery. 2014;34(8):
720–3. https://doi.org/10.7504/CJPS.ISSN1005-2208.2014.08.14.

12. Hoekstra LT, Bieze M, Erdogan D, Roelofs JJ, Beuers UH, van Gulik TM.
Management of giant liver hemangiomas: an update. Expert Rev
Gastroenterol Hepatol. 2013;7(3):263–8. https://doi.org/10.1586/egh.13.10.

13. Dumlu EG, Abbasoglu O, Hamaloglu E. Is surgical treatment of liver
hemangiomas effective for pain relief? Chirurgia (Bucur). 2014;109(5):634–8.
25375049.

14. Di Carlo I, Koshy R, Al Mudares S, Ardiri A, Bertino G, Toro A. Giant
cavernous liver hemangiomas: is it the time to change the size categories?
Hepatobiliary Pancreat Dis Int. 2016;15(1):21–9. 26818540.

15. Abdel Wahab M, El Nakeeb A, Ali MA, Mahdy Y, Shehta A, Abdulrazek M, El
Desoky M, Abdel Wahab R. Surgical management of giant hepatic
hemangioma: single center’s experience with 144 patients. J Gastrointest
Surg. 2018;22(5):849–58. https://doi.org/10.1007/s11605-018-3696-y.

16. Toro A, Mahfouz AE, Ardiri A, Malaguarnera M, Malaguarnera G, Loria F,
Bertino G, Di Carlo I. What is changing in indications and treatment of
hepatic hemangiomas. A review. Ann Hepatol. 2014;13(4):327–39. 24927603.

17. International Hepato-Pancreato-Biliary Association, China Branch, Hepatic
Hemangioma Professional Committee. Multidisciplinary expert consensus
on the diagnosis and treatment of hepatic hemangioma(2019 edition). Chin
J Dig Surg. 2019;18(8):705–10. https://doi.org/10.3760/cma.j.issn.1673⁃9752.
2019.08.001.

18. Yedibela S, Alibek S, Müller V, Aydin U, Langheinrich M, Lohmüller C,
Hohenberger W, Perrakis A. Management of hemangioma of the liver:
surgical therapy or observation? World J Surg. 2013;37(6):1303–12. https://
doi.org/10.1007/s00268-013-1904-1.

19. Schnelldorfer T, Ware AL, Smoot R, Schleck CD, Harmsen WS, Nagorney DM.
Management of giant hemangioma of the liver: resection versus
observation. J Am Coll Surg. 2010;211(6):724–30. https://doi.org/10.1016/j.
jamcollsurg.2010.08.006.

20. D'Angelica M. What is riskier for the patient with an asymptomatic large
hepatic hemangioma: observation or the surgeon? World J Surg. 2013;37(6):
1313–4. https://doi.org/10.1007/s00268-013-2042-5.

21. Miura JT, Amini A, Schmocker R, Nichols S, Sukato D, Winslow ER,
Spolverato G, Ejaz A, Squires MH, Kooby DA, Maithel SK, Li A, Wu MC,
Sarmiento JM, Bloomston M, Christians KK, Johnston FM, Tsai S, Turaga KK,
Tsung A, Pawlik TM, Gamblin TC. Surgical management of hepatic
hemangiomas: a multi-institutional experience. HPB (Oxford). 2014;16(10):
924–8. https://doi.org/10.1111/hpb.12291.

22. Sakamoto Y, Kokudo N, Watadani T, Shibahara J, Yamamoto M. Yamaue H;
Japanese Society of Hepato-Biliary-Pancreatic Surgery. Proposal of size-
based surgical indication criteria for liver hemangioma based on a
nationwide survey in Japan. J Hepatobiliary Pancreat Sci. 2017;24(7):417–25.
https://doi.org/10.1002/jhbp.464.

23. Liu X, Yang Z, Tan H, Huang J, Xu L, Liu L, Si S, Sun Y. Long-term result of
transcatheter arterial embolization for liver hemangioma. Medicine
(Baltimore). 2017;96(49):e9029. https://doi.org/10.1097/MD.
0000000000009029.

24. Sharpe EE 3rd, Dodd GD 3rd. Percutaneous radiofrequency ablation of
symptomatic giant hepatic cavernous hemangiomas: report of two cases
and review of literature. J Vasc Interv Radiol. 2012;23(7):971–5. https://doi.
org/10.1016/j.jvir.2012.03.010.

25. Xia F, Lau WY, Qian C, Wang S, Ma K, Bie P. Surgical treatment of giant liver
hemangiomas: enucleation with continuous occlusion of hepatic artery
proper and intermittent Pringle maneuver. World J Surg. 2010;34(9):2162–7.
https://doi.org/10.1007/s00268-010-0592-3.

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in
published maps and institutional affiliations.

Cai et al. World Journal of Surgical Oncology          (2020) 18:123 Page 9 of 9

https://doi.org/10.1016/j.jamcollsurg.2007.11.013
https://doi.org/10.3748/wjg.v23.i41.7433
https://doi.org/10.3748/wjg.v23.i41.7433
https://doi.org/10.1016/j.jamcollsurg.2006.09.020
https://doi.org/10.7504/CJPS.ISSN1005-2208.2014.08.22
https://doi.org/10.7504/CJPS.ISSN1005-2208.2014.08.22
https://doi.org/10.7504/CJPS.ISSN1005-2208.2014.08.14
https://doi.org/10.1586/egh.13.10
https://www.ncbi.nlm.nih.gov/pubmed/25375049
https://www.ncbi.nlm.nih.gov/pubmed/26818540
https://doi.org/10.1007/s11605-018-3696-y
https://www.ncbi.nlm.nih.gov/pubmed/24927603
https://doi.org/10.1007/s00268-013-1904-1
https://doi.org/10.1007/s00268-013-1904-1
https://doi.org/10.1016/j.jamcollsurg.2010.08.006
https://doi.org/10.1016/j.jamcollsurg.2010.08.006
https://doi.org/10.1007/s00268-013-2042-5
https://doi.org/10.1111/hpb.12291
https://doi.org/10.1002/jhbp.464
https://doi.org/10.1097/MD.0000000000009029
https://doi.org/10.1097/MD.0000000000009029
https://doi.org/10.1016/j.jvir.2012.03.010
https://doi.org/10.1016/j.jvir.2012.03.010
https://doi.org/10.1007/s00268-010-0592-3

	Abstract
	Objective
	Methods
	Results
	Conclusion

	Introduction
	Patients and methods
	Patient and variable selection
	Treatments
	Non-operative treatment
	Surgical treatment
	Surgical procedures

	Postoperative care and follow-up
	Ethics approval and consent to participate section

	Results
	Demographics (Table 1)
	Clinical features (Table 1)
	Tumor characteristics (Table 1)
	Treatments (Table 2)
	Follow-up and postoperative care

	Discussion
	Clinical features of liver hemangioma in caudate lobe
	Classification of liver hemangioma in caudate lobe
	Treatment for liver hemangioma in caudate lobe
	Surgical strategies for liver hemangioma in caudate lobe

	Conclusion
	Acknowledgements
	Authors’ contributions
	Funding
	Availability of data and materials
	Consent for publication
	Competing interests
	Author details
	References
	Publisher’s Note

