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Background: Ante-situm resection and auto-transplantation (ante-situm for short) provides a more aggressive approach to
conventionally unresectable hepatocellular carcinoma (HCC). We described the long-term outcomes of patients
with HCCs who underwent this technique.

Material/Methods: Between October 2005 and December 2016, we performed 23 ante-situm liver resections. We evaluated post-
operative complications, 90-day mortality, recurrence, and long-term survival rates, and reviewed the litera-
ture on this topic.

Results: Five types of complications associated with six patients were observed.: 1) primary nonfunctioning liver, thus
receiving a liver transplantation; 2) initial poor liver function with recovery two weeks after treatment; 3) di-
agnoses of portal vein tumor thrombosis, biliary fistula, and small-for-size syndrome, respectively. The median
follow-up was 3.6 years; 12 out of 23 patients were alive at the end of the study. One patient who had hepatic
recurrence was lost to follow-up after three months. One patient died of multiple organ dysfunction syndrome
after the operation, nine patients died due to hepatic recurrence and/or extrahepatic metastasis of HCC. The
one-year, three-year, five-year, and 10-year survival rates were 65.2%, 56.5%, 50.9%, and 20.3%, respective-
ly. The one-year, three-year, five-year, and 10-year recurrence rates were 60.9%, 50.7%, 50.7%, and 50.7%, re-
spectively. The chi-square test revealed the patients with recurrence after ante-situm technique were more
likely to have poor prognosis (mortality of patients with recurrence versus no-recurrence: 88.9% versus 14.3%,
p<0.05) and a strong association was evidenced by Cramer’s V statistic (Cramer’s V=0.734).

Conclusions: Ante-situm procedure showed benefits in select patients with HCCs who had contraindications for convention-
al resection operations. In our case series, the ante-situm technique resulted in lower mortality compared to
other ex-vivo hepatic resection techniques reported in the literature and similar long-term efficacy compared
to cases of HCCs suitable for conventional resections. HCCs recurrence was a major risk factor associated with
the survival rate of ante-situm technique.
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Background

Hepatocellular carcinoma (HCC) is one of the most common
causes of death, accounting for about 90% of primary hepat-
ic cancer in China [1]. Resection or downstaging followed by
resection for HCC remains the major strategy due to its better
long-term outcomes compared with other nonsurgical treat-
ments such as transarterial chemoembolization, radiofrequen-
cy ablation, percutaneous ethanol injections [2-6].

However, there are still some HCCs that are considered con-
traindications for a conventional resection due to the diffi-
culty in accessing the tumor such as conditions involving the
venous confluence and/or retrohepatic vena cava, or hepatic
segments nearby to these major vessels [7]. The ante-situm
auto-transplantation technique, a type of ex-vivo hepatic re-
section technique, was first described by Hannoun in 1991.
Ante-situm resection includes dissection of the suprahepat-
ic inferior vena cava with preservation of the portal pedicle,
hypothermic perfusion for liver preservation in situ, and ap-
plication of veno-venous bypass for maintenance of hemody-
namics, liver mobilization, and tumor resection followed by au-
to-transplantation. This technique has advantages: 1) a tumor
that is difficult to access can be removed via mobilization of
liver; 2) it avoids additional risks related to the hepatic arte-
rial and portal vein anastomoses; 3) the warm ischemia time
tolerated by the liver can be extended due to liver hypother-
mic perfusion in situ.

Although many articles about ante-situm technique have been
published, they have been limited by the sample size and fol-
low-up time, and the long-term outcomes of HCC after an-
te-situm resection have not yet been reported. To our knowl-
edge, this paper is the first to present long-term results of a
case series of patients with HCC undergoing ante-situm tech-
nique for HCC.

Material and Methods

Patients and indications

Between October 2005 and December 2016, ante-situm re-
section was performed in 23 patients with conventionally un-
resectable HCCs that were located at the venous confluence
and/or the retrohepatic vena cava. The study was approved
by the Medical Science Ethical Committee of our hospital. All
the patients received sufficient preoperative explanation and
provided their written informed consent.

The selection criteria included: HCC could not be resected by
conventional method; Child-Pugh class A or Child-Pugh class
B without associated disorders; indocyanine green retention
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rate of 15 minutes (ICGR-15) <20%; residual liver volume after
resection >50% by preoperative 3-D volumetric CT reconstruc-
tion; no or mild cirrhosis with well-preserved liver function; no
liver steatosis or steatosis <30%; the glucose of patients with
diabetes should be reduced to normal level before the opera-
tion; no active infection by bacteria, virus, or fungus; no gas-
trointestinal ulcer; and no psychosis history.

Surgery

The ante-situm resection was described in detail by
Hannoun et al. [8], and the procedure was performed accord-
ing to this original description. Considerations include ensur-
ing that the hepatoduodenal ligament was dissected, and the
portal vein completely exposed; these two steps helped mo-
bilize the liver under hypothermic perfusion and veno-ve-
nous bypass. To guarantee that sufficient length of the inferi-
or vena cava (IVC) was retained below the clamp for vascular
reconstruction, the suprahepatic IVC and the surrounding di-
aphragm were usually clamped together. If the tumor had in-
filtrated into the vena cava, the retrohepatic cava vein was re-
sected partly or completely for complete removal of the tumor;
we preferred autologous veins for subsequent reconstruction
of the retrohepatic cava vein. The total vascular exclusion of
the liver was usually performed in the normal sequence: af-
ter the infrahepatic portion of the IVC was clamped, the he-
modynamics under the veno-venous bypass was confirmed.
Subsequently, the hepatic pedicle was clamped to stop inflow
to the liver, and then another clamp was placed on the supra-
hepatic IVC. After the suprahepatic IVC below the clamp was
transected, hypothermic perfusion via the portal vein was start-
ed with 4°C perfusate. The high perfusion pressure was associ-
ated with excessive shear-stress injury to vascular endothelial
cells. To ensure that the protection of hypothermic perfusion
would not be counterbalanced by excessive shear-stress inju-
ry, we maintained the perfusion flow rates between 100 and
150 mL/minute. When the liver, together with the IVC, was ro-
tated out of the anatomic sites, it was important not to twist
the portal vein, as this could disturb the hypothermic perfu-
sion via the portal vein. To keep the liver temperature at about
4°C, the resection was accompanied by continuous hypother-
mic perfusion. During hypothermic perfusion, the warming
blankets were used to maintain the patients’ body tempera-
ture. Resection was performed according to individual patient
findings. In principle, vascular interruption should be carefully
avoided in structures to be preserved. The liver resection pro-
cedure was carried out in the conventional manner. After resec-
tion was finished, vessels or bile ducts which were unligated
and open should be identified by perfusing the individual sys-
tem; open large vessels must be ligated or over-sewn to avoid
severe bleeding after auto-transplantation. Because small leak-
age of the perfusate from the resection surface has been asso-
ciated with postoperative bleeding after the blood supply was
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recovered, small leaking sites were carefully checked for and
covered with fibrin glue for complete closure.

Statistical analysis

All statistical analysis was performed by SPSS 16.0 software.
The results of continuous data are provided as the mean + stan-
dard deviation (SD). The overall survival and recurrence curves
were calculated by using the Kaplan-Meier method. The chi-
square test was used for categorical data. Cramer’s V statistic
was used to determine the strength of the association between
recurrence and mortality (>0.5 represents a strong association).
Values with p<0.05 were considered as statistically significant.

Results

Clinical profile of patients

A total of 23 patients (15 men and eight women) had a mean
of age of 46.5+8.3 years. All patients were diagnosed with HCC
considered not eligible for conventional liver resection due to
a difficult anatomical location of the tumor. As Table 1 shows,
these tumors were located at or nearby the venous confluence
and/or the retrohepatic vena cava. Except for one patient with
Child-Pugh B who had mild liver cirrhosis, the other patients
were all Child-Pugh A. Hepatitis B virus (HBV) infection was
the most common etiological factor of HCC, seen in 21 pa-
tients (91.3%). The maximum diameter of tumor size ranged
from 2 cm to 30 cm.

Intraoperative outcome

Liver parenchymal damage was not severe in any of the pa-
tients. The duration of surgery was 6.33+1.71 hours, the anhe-
patic period was 4.16+1.15 hours, and the mean intraoperative
hemorrhage was 524.29+41.86 mL. Intraoperative complica-
tion occurred in one patient who developed asystolic cardiac
arrest related to hyperkalemia after portal revascularization.
The patient was successfully resuscitated with chest compres-
sions combined with 5% dicarbonate injection.

Postoperative outcome

The mean length of postoperative hospitalization was 24 days.
According to Azoulay et al. [9], the 90-day mortality rate after
liver resection reflects true risk of liver surgery more effectively
than the 30-day mortality rate. Therefore, we analyzed the 90-
day mortality in our study and the result was 1 out of 23 pa-
tients (4%). The patient who died was resuscitated from asys-
tolic cardiac arrest related to hyperkalemia after blood supply
recovered during operation, however, he died at postoperative
day 8 owing to multiple organ dysfunction syndrome (MODS).
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There were five complications associated with six patients.
Based on the definition of Ploeg et al. [10], one patient had
primary nonfunction (PNF) and received liver transplantation.
Two patients had initial poor function (IPF) and recovered af-
ter treatment for two weeks. Three patients were diagnosed
with portal vein tumor thrombosis, biliary fistula, and small-
for-size syndrome (SFSS), respectively. No complications relat-
ed to infection were found.

Follow-up

Median follow-up was 3.6 years. At the end of the study 12
out of 23 patients were alive and one patient with hepatic re-
currence was lost to follow-up after postoperative month 3
(Table 2). Except for one patient who died of MODS postop-
eratively, nine patients died due to hepatic recurrence and/or
extrahepatic metastasis of HCC (Table2). The one-year, three-
year, five-year, and 10-year survival rates were 65.2%, 56.5%,
50.9%, 20.3%, respectively (Figure 1). The one-year, three-year,
five-year, and 10-year recurrence rates were 60.9%, 50.7%,
50.7%, and 50.7%, respectively (Figure 2). The chi-square test
revealed the patients with recurrence after the ante-situm
technique were more likely to have poor prognosis (mortality
of patients with recurrence versus no-recurrence: 88.9% ver-
sus 14.3%, p<0.05) and a strong association was evidenced
by Cramer’s V statistic (Cramer’s V=0.734). Large HCCs (tu-
mor size 10 cm or greater) was demonstrated as an impor-
tant risk factor for recurrence. The patients in the large HCCs
subgroup had a higher recurrence (60%) than patients in the
small HCCs subgroup (23.1%), however, the difference was
not significant (p>0.05).

Discussion

Most of the articles concerning ante-situm liver surgery have
a mix of patients with a variety of tumors and ex-vivo tech-
niques. Therefore, for a complete review of the ante-situm
technique, an expanded PubMed search was performed with
terms such as “ex-situ in-vivo”, “total vascular exclusion”, “ex
situ”, “in situ hypothermic perfusion”, “ante-situm” or “extra-
corporeal hepatic resection”. The studies involving ante-situm

liver resections are shown in Table 3 [8,11-15].

Ante-situm technique benefits patients with HCCs
involving the venous confluence and/or the retrohepatic
vena cava, or hepatic segments nearby to these major
vessels

To date, three types of ex-vivo resection techniques have been
developed. Based on the different approaches, they were cate-
gorized as “ante-situm”(or “ex-situ in-vivo”) [8], “in situ” [16],
and “ex situ” resection [17].
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Table 1. Patients and tumor characteristics.

1 A 35/F + 4.7x4.8x5.6 cm, 0.8x1.9x2.6 cm; Il, VII, VIII segments
""""" 2 A 3M o+ 80x100x91cm;IV,V, Vi Vilsegment
""""" 3 A 4M 4 38:30x33cm 34x23«30cm V, VIl Vill segments
""""" 4 A 3mM o+ exxScmV,ViLVilsegments
""""" s A SYM  +  4Sx6cmlIV,Vilsegments
""""" 6 A SUM 4 6x8xlOCm; I, Vill segments
""""" 7 A S¥F 4+ 8xex5cm6x6x6cm;lV,Vilsegments
""""" 8§ A 4UM & 6x8x12cm, 15x2<3cm; UL IV, VIl Vil segments
""""" o A 4M  +  4xS3omlWsegments
"""" 0 A 48F  +  6@8cmV,V,Vilsegments
"""" 11 A 5YM  +  7x9x3cm, betweenthe angle of middle HVand VC
o B ssmM + 11x104x7.9 cm; I segment
"""" 13 A 3F 4+  10s6x5cm, 1x15x15cm; 0,1V, Vill segments
"""" 4 A a/M  +  6x8xl0cmiV,Vsegments
"""" 15 A SSYM o+ 10s8x6cm; IV, Vill segments
"""" 6 A 4% - S5SxGom;lsegmens
"""" 7 A &F  +  9@6cmV,Vi,Villsegments
"""" 18 A 5/M  +  20s30x12cm;V,VIVILVILIVsegments
"""" 19 A 45sM - 15<5x15cm I,V VLV, Vill segments
"""" 20 A 38F 4 5«6x5cm, betweentheangle of left and middle HV
"""" 21 A S0F 4 885 cm;V,VI VIl Villsegments
"""" 2 A 3/M 4 S«Sx6om L2x2cmV,VIL Villsegments
"""" 3 A 4UM &+ 6xI0x10cmy, IV, Villsegments

F — femal; M — male; HV — hepatic vein; IVC — inferior vena cava.

The common aspects of the three techniques include liver hy-
pothermic perfusion for organ preservation, utilization of ve-
no-venous bypass, mobilization, and resection of the liver fol-
lowed by auto-transplantation.

The techniques have been distinguished in three ways: 1) “an-
te-situm” technique with dissection of the suprahepatic infe-
rior vena cava without the division of the portal pedicle [8]; 2)
“in situ” liver resection only with cross-clamping of the major
vessels [16]; and 3) “ex situ” resection with complete liver re-
moval followed by hepatic resection as a bench procedure [17].

Overall, the “ex-situ” resection is associated with numerous
drawbacks such as the additional ischemia time required to
complete vascular reconstructions and an increased risk of bile
duct anastomotic leakage or stricture. A prohibitively high mor-
tality rate of 30% has been reported [18]. The consensus has

This work is licensed under Creative Common Attribution-
NonCommercial-NoDerivatives 4.0 International (CC BY-NC-ND 4.0)

Ye Q etal:
Ante-situm resection in HCC
© Ann Transplant, 2018; 23: 81-88

been that the morbidity and mortality rate in ex situ techniques
was much higher than the other two approaches due to the
additional risks inherent in the excessively complex surgical
procedures. Our findings were consistent with this conclusion.

The debate over whether ante-situm technique or in situ tech-
nique should be used for liver tumors with difficult locations
remains unresolved. Dubay et al. [12] and Yamamoto [15] re-
ported seven cases of ante-situm for liver tumors respectively,
with 90-day mortality rates of 14%. These results were simi-
lar to previous studies that reported rates ranging from 11%
to 19.5% [9,19,20]. Mehrabi et al. [14] results and our results
were 0% and 4%, respectively, which were not only similar to
the reported perioperative mortality (<5%) of conventional re-
section [21], but also much better than reported by other arti-
cles reviewed and shown in Table 3.
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Table 2. Follow up of the 23 patients underwent ante-situm resection and autotransplantation.

10 years, alive

Hepatic recurrence and widely
metastasis

Brain and pulmonary
metastasis

1
) Hepatic rfecurrence at po#operative month 2, pulmonary
metastasis at postoperative year 1
3 Hepatic recurrence at postoperative month 3
4 Hepatic recurrence and widely metastasis at postoperative
month 3
5
6 Hepatic recurrence at postoperative month 5
7
8 Double pulmonary metastasis at postoperative year 1
9
10 Hepatic recurrence at postoperative month 3
11
12
13 Hepatic recurrence and extrahepatic metastasis at
postoperative month 2
14 Hepatic recurrence at postoperative year 3
15
16
17
18 Hepatic recurrence at postoperative month 10
19 Hepatic recurrence and pulmonary metastasis at postoperative
month 3
20
21
22
23

MODS — multiple organ dysfunction syndrome.

However, all previous articles were limited by the heterogeneity
of the tumors and length of follow-up time, indicating that it
is hard to determine the specific long-term outcomes attribut-
ed to one approach for HCC. To our knowledge, our study rep-
resents the largest patient series focusing on patient-related
outcomes after ante-situm resection only for HCC. To discuss
the survival of HCC after ante-situm technique, we compared
our results with HCCs which were suitable for conventional
liver resections. In our study, the patients were all outside the
Milan criteria and the five-year survival rate was 50.9%. It has
been previously reported the five-year survival rate of patients
outside the Milan criteria after conventional liver techniques
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7 months, alive

ranged from 31% to 98% [22]. Our result was similar to con-
ventional resections in terms of the five-year survival rate.
These findings can be attributed to several reasons. First, our
center had proficiency in hepatobiliary surgery, liver transplan-
tation, and key technical aspects of ante-situm liver resection:
due to the formidable challenge presented by the procedure,
only surgeons very proficient in both hepatobiliary surgery
and liver transplantation performed the ante-situm resection.

Second, we used restrictive selection criteria, as patients with-
out cirrhosis can tolerate major liver resections with low rates
of lethal complications. In candidates with cirrhosis, careful

Indexed in: [Science Citation Index Expanded]
[Chemical Abstracts] [Scopus]

[Index Medicus/MEDLINE]



Overall survival (%)

o 1 2 3 4 5 6 7 8 9 10
Time after ante-situm resection (years)

Figure 1. The overall survival rates of the 23 patients with HCC
after ante-situm resection.
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Figure 2. The recurrence rates of the 23 patients with HCC after
ante-situm resection.

Table 3. Literature reports of ante-situm liver resection and autotransplantation(articles in English).

90-day mortality of

Total 90-day mortality of

HCC after ante-situm

Hannoun [8] 1991 3
Delivieve[11] 995 15
CDubayl2l 2000 ;7
C Malde[13] 201 s
. Mehrabi[4] 2011 7
Yamamoto[1s] 2013 7

ante-situm
0% 0%
""" N e
""" N e
e e
e %
% s

NA — not available.

selection of patients has been shown to be crucial to avoid
technique-related complications [23,24]. Therefore, we select-
ed patients who did not have cirrhosis or had mild cirrhosis
with well-preserved liver function. The Child-Pugh classification
has been reported to be the most common measure to evalu-
ate liver function before liver resection [25], and patients with
highly impaired liver function (Child-Pugh class C or advanced
Child-Pugh class B) have been reported to have poor outcomes
after hepatic resection [26]. Hence, the Child-Pugh classifica-
tion in our study was Child-Pugh class A or Child-Pugh class B
without accompanying disorders. However, it should be not-
ed that while the selection of candidates for liver surgery has
been based on the Child-Pugh classification for years [27], this
strategy does not result in consistent predictive values all the
time. Some Child-Pugh A individuals already have impaired
liver function with raised concentrations of bilirubin, signif-
icant portal hypertension, or even severe ascites fluid [28].
ICG-R15 has been demonstrated as an effective index to as-
sess the liver function reserve even when the patient has an
absence of ascites and hyperbilirubinemia [29]. Many studies
have shown that cirrhotic candidates with an ICG-R15 up to
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10% to 20% are expected to tolerate a major liver resection.
Our experience shows that ICG-R15 <20% can be considered
another important indicator to evaluate the liver function re-
serve. Several reports have shown a relationship between the
volume of the future liver remnant (FLR) and hepatic function
reserve in HCC patients [30,31]. Individuals who have normal
hepatic function can undergo resection of up to 60% of the
nontumorous liver [30]. It is our experience, that to attenuate
the risks related to the ante-situm technique, the volume of
FLR after resection should be more than 50% by preoperative
3-D volumetric CT reconstruction.

Third,the most dreaded complication of major hepatectomy in
association with total vascular exclusion is massive ischaemia
reperfusion injury manifesting as liver failure, overwhelming
sepsis and death. Particularly, ante-situm surgery needs much
more time to finish the resection and reconstruction precise-
ly compared with conventional resection under total vascu-
lar exclusion. Therefore,an effective assistant way to expand
the liver ischemic tolerance is neccessary. It has been dem-
onstrated that hypothermic perfusion not only lowers cellular
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metabolism but also markedly prolongs ischemic tolerance
(up to 4 hours) [8]. Moreover, this technique can reduce isch-
emia reperfusion injury to the liver during the reperfusion
stage [32,33]. In addition, the perfusate is another important
factor. In our experience, HTK-Bretschneider (HTK) solution is
a good choice for hypothermic perfusion via the portal vein.
The solution has a potent histidine buffer which can play an
efficient role in moderate hypothermia. Thus, the rewarming
of the liver, which cannot be avoided completely in ante-si-
tum approach, may be less harmful. In addition, HTK solution
has a low concentration of potassium (10 pmol/L) which re-
duces the risk of cardiac arrest at the time of reperfusion. In
the early phase of our study, we used UW solution for hypo-
thermic perfusion. However, after a case of cardiac arrest af-
ter reperfusion due to hyperkalemia using UW solution, we re-
placed UK solution with HTK solution. In addition, before the
hepatic blood supply recovered, about 100 mL to 300 mL in-
trahepatic residual solution was flushed out from the supra-
hepatic vena cava with saline, accompanied with the use of
calcium gluconate and sodium bicarbonate. With these pre-
cautions, no cardiac arrest occurred during the period of re-
perfusion in the subsequent patients.

The recurrence of HCCs underwent ante-situm resection

Another issue which deserves discussion is the recurrence
of HCC after radical resection. HCC recurrence has been re-
ported to be responsible for the disappointing long-term out-
comes [18]. Our results showed a strong association between
HCC recurrence and poor prognosis after ante-situm resec-
tion. To date, no study about HCC recurrence rate associat-
ed with ante-situm technique has been published due to the
limitations in terms of the sample size and follow-up time.
Therefore, we compared our findings with published trials of
conventional resection. The five-year cumulative recurrence
rate of HCC has been reported to be 70% to 89% [34-36]. In
China, Huang et al. [36] reported the three-year, five-year, and
10-year recurrence rates after initial hepatic resection were
73.2%, 89%, and 98.8%, respectively. In our study, the three-
year, five-year, and 10-year cumulative recurrence rates were
maintained at 50.7%, indicating our results were much lower
than the conventional resection study results. However, we can-
not conclude that ante-situm resection contributed to the de-
crease of HCC recurrence due to the one-year recurrence rate
of 60.9% in our study, which was higher than reported for the
conventional technique (42.7%) [36]. These differences may be
related to the large tumor size in our study. Tumor size is an
important predictor of survival after liver resection. The large
size of a HCC suggests that the lesion has already advanced,
indicating a greater possibility for tumor spread due to mac-
rovascular invasion or satellite nodules [37]. These advanced
tumors often carried a higher risk of recurrence. As a result,
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the advantage of hepatic resection for HCC becomes margin-
al. When the tumor size exceeds 3 c¢m, particularly 10 cm or
greater, the survival decreases [35,38]. Unlike results report-
ed by Huang et al. [36], 10 out of 23 patients with HCC 10 cm
or greater were observed in our study. Although the size dif-
ference was not significant, possibly due to the small sam-
ple size, a much higher recurrence (60%) in the large tumor
size subgroup was observed compared with the small tumor
size subgroup (23.1%). Thus, the poor outcomes of large tu-
mors 10 cm or greater may counteract the benefit of ante-si-
tum technique.

Limitations

Our study indicated that the ante-situm technique improved
the long-term outcomes of HCCs that had difficult accessi-
bility more effectively than the other two ex-vivo techniques
and our study findings were comparable to conventional re-
section study findings. However, a randomized controlled tri-
al comparing the ante-situm technique with other ex-vivo and
conventional approaches needs to be performed to verify this
conclusion due to the retrospective nature and the relative-
ly small sample size of our study. Meanwhile, the excessively
strict selection criteria for patients and the high requirements
for surgery limit its wide application. How to expand the se-
lection criteria and improve the surgical procedure also needs
to be studied in the future.

Conclusions

The ante-situm procedure can benefit select patients with HCC
involving the venous confluence and/or the retrohepatic vena
cava, or hepatic segments nearby to these major vessels. In
our case series, ante-situm technique resulted in lower mortal-
ity compared to other ex-vivo hepatic resection techniques re-
ported in the literature and similar long-term efficacy to HCCs
suitable for conventional resections. HCC recurrence is also a
major risk factor for poor long-term outcomes of patients who
underwent an ante situm technique, particularly when the tu-
mor size was 10 c¢cm or greater.
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