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Abstract N\
The aim of this study was to evaluate different surgical therapies for hepatic alveolar echinococcosis in different clinical stages.

We analyze the clinical data of 115 patients who received surgical treatment in West China Hospital from January 2004 to June
2016. Among these patients, 77 cases underwent radical hepatic resection (group A, n=77); 17 cases underwent palliative resection
(group B, n=17), and 21 cases underwent liver transplantation (group C, n=21) with 12 cases of orthotopic liver transplantation and
9 cases of liver autotransplantation.

The postoperative complication rate of radical hepatic resection group was 13.0% (10/77), which is statistically significant (P <.05)
than the rate of palliative resection group 29.4% (5/17) or liver transplantation group 23.8% (5/21). The follow-up period ranged from
1 to 72 months. The overall median survival rate of radical resection was 72/77, higher than the rate of palliative group (12/17) or
transplantation group (17/21), which was also statistically significant (P<.01).

In our study, we believe in that all stages of hepatic alveolar echinococcosis should take active surgical interventions, and radical
hepatic resection should be considered as the first-choice treatment for early stage of alveolar echinococcosis, while palliative
surgery is still helpful to relieve symptoms and improve the life quality for advanced patients. Liver transplantation might also be an
alternative option for the late-stage hepatic alveolar echinococcosis.

Abbreviations: ALP = alkaline phosphatase, ALT = alanine aminotransferase, AST = aspartate aminotransferase, BDD = brain-
dead donors, CT = computed tomography, CUSA = cavitron ultrasonic aspiration, DCD = donation after cardiac death, GGT =
gamma-glutamyl transpeptidase, ICG = indocyanine green, IVC = inferior vena cava, LT = liver transplantation, MRI = magnetic

resonance imaging, USD = United States Dollars.
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1. Introduction

Hepatic alveolar echinococcosis is also known as alveolar
hydatid disease of liver. It is a type of parasitic zoonoses of
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tapeworms the Echinococcus can parasitize in diverse visceral
organs of human beings such as liver, lung, spleen, and brain.
Moreover, the primary lesion of nearly all the cases of human
alveolar echinococcosis occurs in liver."™ Both disability and
mortality rates are high in hepatic alveolar echinococcosis with
the 10-year mortality rate of 90% as reported.l>®! Although
hepatic alveolar echinococcosis is regarded as a benign disease;
however, it is similar to the malignant tumor in terms of
invasiveness known as the so-called insect carcinoma and
secondary carcinoma’.l”! This disease has been reported all
around the world, especially in the pasturing areas, including
Central Europe, Western Europe, Eastern Europe, northern
North America, as well as the western part of China. Currently,
the main treatment of hepatic alveolar echinococcosis is radical
hepatic resection. Therefore, in our study, we compared several
common surgical procedures aiming to provide the foundation
for prioritizing therapeutic treatment.

2. Material and methods

This study was approved by the West China Hospital Ethics
Committee and was performed in accordance with the ethical
guidelines of the Declaration of Helsinki.

2.1. Patients

From January 2004 to June 2016, we collected the clinical data
from 1135 patients who received surgical treatment in West China
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Baseline characteristics of 115 patients with hepatic alveolar echinococcosis.
Characteristics Radical resection (n=77) Palliative resection (n=17) Liver transplantation (n=21) P
Median age, years (range) 48 (6-82) 47 (24-56) 43 (18-62) >.05
Sex (M/F) 30/47 7110 1477
Biochemical values, median (range)
Albumin, g/L 31 (22-46) 26 (19-39) 29 (17-42) >.05
Total bilirubin, wmol/L 65 (20-287) 145 (80-327) 57 (23-226) <.05
ALP, UL 153 (82-373) 456 (182-673) 233 (71-437) <.05
GGT, UL 1 6 (89-429) 378 (119-749) 268 (115-442) <.05
AST, UL 79 (32-392) 179 (62-471) 85 (52-326) <.05
ALT, UL 58 (29-351) 138 (55-376) 98 (34-289) <.05
Ascites, no. (%) 9 (25) 4 (29 0 (48) <.05
Lesion area, no. (%)
Right lobe 46 (60) 6 (35) 4 (24)
Left lobe 16 (21) 3(18) 1(5)
Right and left lobe 15 (19) 8 (47) 15 (71) >.05
Invasion, no. (%)
Portal vein 14 (18) 17 (100) 21 (100) >.05
Common bile duct 6 (8) 17 (100) 8 (38) <.05
IVC 21 7 (41) 15 (71) <.05
Diaphragm 34 17 (100) 4 (19 <.05
Postoperative complications, no. (%) 10 (13) 5 (29.4) 5 (23.8) <.05

ALP =alkaline phosphatase, ALT=alanine aminotransferase, AST =aspartate aminotransferase, GGT =gamma-glutamyl transpeptidase, IVC=inferior vena cava.

Hospital. Among them, there were 51 male and 64 female
patients. Their ages ranged from 6 to 82, with an average age of
47.84+13.3 years. Around 115 patients were divided into 3
groups: 77 cases underwent radical hepatic resection (group A,
n="77); 17 cases underwent palliative resection (group B, n=17),
and 21 cases underwent liver transplantation (group C, n=21)
with 12 cases of orthotopic liver transplantation and 9 cases of
liver autotransplantation (Table 1).

The inclusion criteria were: signs and symptoms of alveolar
echinococcosis with positive serological examination; computed
tomography (CT) or magnetic resonance imaging (MRI)
suggested hepatic lesions; and pathologically diagnosedwith
alveolar echinococcosis postoperation. Those without valid
clinical data or whole period of follow-up were excluded.®!

2.2. Preoperative assessment

We ruled out diseases of heart, brain, lung and kidney, etc., as
well as contraindications for surgery. Assessment of hepatic
reserve function: all patients must be in Child-Pugh A class with
indocyanine green (ICG) clearance at 15 minutes less than 10%.
CT/MRI was used to analyze the location, size, number of the
lesions, and their relationship with peripheral blood vessels. In
addition, the total liver volume, potential residual liver volume
after liver resection, the hepatic vascular, and biliary systems
(e.g., the pattern of hepatic veins that drain into the inferior vena
cava and whether there exist variations or drainage areas), as well
as the anatomy features and potential variations of portal vein
branches and the left/right hepatic ducts confluence area, etc.,
were all subjected to accurate evaluation. The surgical approach
was decided accordingly.

2.3. Surgical approach
2.3.1. Radical hepatectomy of hepatic alveolar echinococ-

cosis. With general anesthesia, we entered the abdominal cavity
through right subcostal incision, and then determined the
feasibility of radical hepatectomy of the lesion by intraoperative

ultrasonography which could help to identify the location, size, and
number of the lesions. Surgery margin was 1cm away from the
mass of the radical resection.'”! Hepatic resection by cavitron
ultrasonic aspiration (CUSA) could fully expose the small branches
of the hepatic vein or glisson system, when the diameter of blood
vessel or bile duct was greater than 2 mm, they would be ligated and
cut off (Fig. 1A-C). In addition, patients with severe infiltration of
hilar bile duct should receive choledochojejunostomy. For our
data, Roux-en-Y hepaticojejunostomy was performed on 4
patients because of their biliary obstruction (Fig. 1D-F and J).

2.3.2. Palliative hepatectomy. The major principles of pallia-
tive resection should be to relieve symptoms and prolong the life
of patients." ' After general anesthesia, we took the right costal
margin incision into the abdominal cavity, and then applied the
intraoperative ultrasonography to confirm the location, size and
numbers of the lesion. We would choose palliative hepatectomy if
the intraoperative ultrasonography found that the first and
second hepatic portal areas are severely infiltrated so that the
radical hepatectomy cannot be performed on the patient. The
method of liver resection in palliative hepatectomy was the same
as that for radical resection. For the patients with biliary
obstruction, we would remove lesions from the first hepatic hilum
as much as possible to expose the dilated bile duct in the hepatic
hilar region, which was required for Roux-en-Y hepaticojeju-
nostomy, The Roux-en-Y hepaticojejunostomy was carried out
successfully on 15 patients (Fig. 1TH-K).

2.3.3. Liver transplantation (LT). Orthotopic liver transplanta-
tion could be performed on patients whose lesion is impossible to
be removed by for the routine radical resection as well as when
patients have no extra-hepatic metastases or the BDD (brain-
dead donors)/DCD (donation after cardiac death) was available.

2.3.4. Liver autotransplantation. For some patients with
opportunities of vascular reconstruction for the first and second
hepatic portal, we could cut the entire liver and then implant
artificial inferior vena cava for them. Next, we removed the
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Figure 1. Simple radical hepatic resection (A-F): (A) CT showed the mass was in right liver and the first or the second hepatic hilum was not eroded; (B) resected
specimen; (C) hepatic alveolar echinococcosis was underwent radical resection; Difficult radical hepatic resection (D-G): (D) CT showed the mass was in right liver
and the first or the second hepatic hilum was eroded; (E) resected specimen; (F) hepatic alveolar echinococcosis was underwent radical resection; (G) Roux-en-Y
hepaticojejunostomy was carried out. Palliative resection (H-K) (H) CT showed the hydatid lesion pressured and eroded the first hepatic hilum and left biliary ducts
were obvious obstruction; (I) the gradual removal of hepatic alveolar echinococcosis; (J) hepatic alveolar echinococcosis was underwent palliative resection and
revealed that the left side of bile duct dilatation; (K) Roux-en-Y hepaticojejunostomy was carried out.

lesions in vitro, implanted the residual normal liver into the
patient and reconstructed the major blood vessel and biliary tract,
which could help achieving radical goals. If extra-hepatic
metastases were found in patients, liver autotransplantation
should not be performed.

2.4. Surgical treatment

In this group, 77 cases underwent the radical hepatic resection; 17
cases underwent palliative resection mainly due to the large size
of the lesion combined with distal metastasis and invading porta
hepatis, common bile duct, vena cava, diaphragm, or retroperi-
toneal region. Additionally, 21 patients cases underwent
orthotopic liver transplantation (n=12) or autotransplantation
(n=9) according to different donor sources.

Among 77 cases with radical surgery, 29 underwent right
hemihepatectomy, 13 underwent right hepatic trisegmentecto-
mies, 7 underwent left hemihepatectomy, 7 underwent left
hepatic trisegmentectomies, 3 underwent left hepatic lobe
resection, and 18 underwent segmental hepatectomy. Four
patients underwent cholangioenterostomy because of biliary
obstruction; 3 cases had combination of diaphragmatic muscle
resection. Additionally, 17 cases underwent palliative resection, 6
had right hemihepatectomy, 3 had left hepatic lobe resection, §
had right hepatic trisegmentectomies, and 3 had left hepatic
trisegmentectomies. Roux-en-Y hepaticojejunostomy was carried
out successfully in 15 patients; 21 cases underwent liver

transplantation, including 12 cases with orthotopic liver
transplantation using the liver of brain-dead donor. Another 9
cases of liver autotransplantation had their entire diseased liver
removed. The inferior vena cava was replaced by artificial blood
vessels and the remaining normal liver tissue was transplanted
into patients with anastomosis of hepatic artery and the portal
vein.

2.5. Postoperative treatment

Patients were given albendazole (200 mg tablets, 15 mg/(kg d),
per os, bid) for more than 6 to 12 months continuously. Re-
examinations were carried out 1, 3, and 12 months after surgery,
including ultrasound, CT/MRI, liver function, routine blood test,
antibody of hydatid disease. The follow-up re-examination will
be performed once a year.

2.6. Statistical approach

Statistical analysis was performed using SAS 9.2 software.
Categorical data were presented as ratio, analyzed via Pearson
chi-squared (x?) test; measurement data were presented as
standard deviation of sample means (+s). Variance analysis was
used for numeric continuous variables, and Kruskal Wallis
was used for discrete data and non-normal distribution data.
Kaplan—Meier was used for survival analysis. Statistical signifi-
cance was defined as P <.05.
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3. Results

3.1. Complications

No patients died during the operation. In the radical resection
group, 10 (10/77,13.0%) cases had complications. Among them,
2 patients have hypoproteinemia with abdominal cavity effusion;
3 patients have bile leakage; 4 patients have respiratory tract
infection with pleural effusion, and 1 has incision infection. In
palliative resection group, 5 (5/17, 29.4%) cases had complica-
tions included 3 cases bile leakage with abdominal cavity
infection, 2 cases had respiratory tract infection with pleural and
abdominal effusion. All patients in the above 2 groups, were
cured by nonsurgical methods.

In the liver-transplant group, 5 cases (5/21, 23.8%) had
complications, including 1 case with respiratory infection, 1 case
with acute rejection reaction, and 1 case with hepatic
encephalopathy and coagulation disorder, 2 cases with abdomi-
nal bleeding. Four patients died and only 1 patient with
respiratory infection survived due to the anti-infection treatment.
Thus, the incidence of complications in radical resection group
was significantly lower than the palliative resection or liver
transplantation group (P<.05).

3.2. Postoperative follow-up

The follow-up period ranged from 1 to 72 months, with average
of 36 months. During the period, A group: 2 cases died from new
lesions of hydatid after 36 months and 48 months; B group: §
cases died from hydatid recurrence after 13, 18, 24, 24, and 36
months; and C group: 4 cases died from severe complications
after liver transplantation, including 3 patients died within 6
months of allotransplantation. Among the 3 patients, 2 had
abdominal bleeding; 1 had multiple organ failure after hepatic
encephalopathy with coagulation disorder and 1 case died of
infection after 2 years. The other 17 patients achieved long-term
survival after liver transplantation.

The overall survival rate of group A was 97% with clinical cure
in 75 patients. The overall survival rate of group B was 70.6%
with 12 patients survived. For group C, the overall survival rate
was 81%. Statistical significance (P<.01) was shown by
comparing group A and group B as well as group A and group
C regarding to the survival time, which indicated that the lifetime
is significantly longer in Group A (Fig. 2).

4. Discussion

With continuous attempt to treat hepatic alveolar echinococcosis,
the therapeutic outcome has been tremendously improved. Until
now, surgical procedure is still the first choice. Therefore, we
collected the clinical data and conducted this study to further
evaluate the outcomes of radical hepatic resection, palliative
resection, and liver transplantation, which are the 3 major
surgical procedures.['!

Radical hepatic resection is the most ideal procedure to treat
hepatic alveolar echinococcosis, mainly because of its thorough
resection and low recurrence rate.>'*'¥ However, the compli-
cations rate is quite high due to the heavy surgical trauma. In our
study, the complication rate is relatively high (13.0%); however,
the recurrence rate is low (2.6%) without any death case in the
radical hepatic resection group during operation. Previous study
showed that, the survival rate for patients with en bloc resection
with negative margin was 100% after a 300-month follow-up
period."*! Therefore, for hepatic alveolar echinococcosis, radical
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Figure 2. Kaplan—-Meier estimated survival curves based on different surgical
therapies with radical resection group (A), palliative resection group (B), liver
transplantation group (C). The lifetime is obviously longer in A than B or C
(P<.01).

resection should be considered as the first choice if the condition
allows.”! In addition, for localized lesions without involvement
of the first porta hepatis, portal vein, or the common hepatic
artery, the remaining volume of liver is enough to meet the
metabolic needs.

Considering the occult onset of hepatic alveolar echinococcosis
and the difficulties of early diagnosis, most of the patients could
be asymptomatic in the early stage, which means they may have
lost the possibility to receive radical resection due to distal
metastasis of alveolar echinococcosis.''*! Therefore, the principle
for palliative surgery with biliary reconstruction in the present
study provided patients the surgery opportunity, relieved
symptom and prolonged life. By comparing with the radical
surgery, palliative resection with residual lesions result in higher
complication rate (29.4%) due to secondary biliary fistula,
further abdominal infection and the potential pleural effusion
with respiratory infection by the necrosis and exfoliation of the
residual lesions.!"®!”) However, palliative resection with biliary
reconstruction can significantly increase the 1-year survival rate
and achieve a better life quality for patients with end stage
alveolar echinococcosis disease. The economic burden is
extremely small since patients recover quickly without severe
complications. Nevertheless, palliative resection is great efficient
method regarding to relieving the symptoms and slowing the
disease progression.®!

As the therapeutic approach for end-stage liver disease, liver
transplantation tends to be mature and capable of providing the
opportunities on late-stage hepatic alveolar echinococcosis.™”!
However, the feasibility of liver transplantation is limited by its
high cost, the shortage of donor organs, the demand of high
surgical technique and the need for immunosuppression./?%*!!
Moreover, liver autotransplantation which removed the entire
diseased liver with replacement of the inferior vena cava by
artificial blood vessels and then transplanted the remaining
normal liver tissue itself with difficult anastomosis of hepatic
artery and the portal vein, bring in troublesome technical
In our study, 3 cases died in 6 months after
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autotransplantation, which was a high mortality rate during the
perioperative period. Additionally, the economic burden of
operation and immunosuppression is extremely high: the average
cost of the 77 patients receiving radical surgery or the 17 patients
receiving palliative resection was about 6000 to 7000 USD
during the perioperative period, while liver transplantation could
be tenfold higher which is not affordable for many patients.
Furthermore, extra-hepatic metastases were usually found in
many end stage alveolar echinococcosis patients.**! It is obvious
that only few patients are suitable for liver transplantation and
autotransplantation. So, liver transplantation and autotrans-
plantation should not be considered as routine methods for
hepatic alveolar echinococcosis.

This study has several limitations that should be addressed.
First, this is a retrospective study from a single-institution
experience. The number of patients enrolled may be not sufficient
enough and the sample size of 3 groups is different. The impact of
various treatments related to outcome could not be fully
evaluated and the follow-up duration of the study may be not
long enough. Second, all the data were collected through the
medical records and follow-up recall bias and selection bias
possibly exists. Therefore, large cases of randomized controlled
long-term observation researches are expected in the future.

5. Conclusion

In our study, we believe in that all stages of hepatic alveolar
echinococcosis should take active surgical interventions, and
radical hepatic resection should be considered as the first choice
in treatment for early stage of alveolar echinococcosis.
Additionally, palliative surgery was still helpful to relieve
symptoms, improve quality of life, and delay the disease
progression for advanced patients who had already lost the
opportunity to receive radical resection. Liver transplantation
might also be an alternative option for late-stage hepatic alveolar
echinococcosis, but it has high surgical risk and indications for
liver transplantation should be strictly controlled.
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