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Objective: to evaluate the possible influence of neoadjuvant transarterial chemoembolization (TACE) on deve-
lopment of early arterial complications after orthotopic liver transplantation (OLTx). Materials and methods. 
The work is based on treatment-related data of 250 recipients. The analyzed group included 21 patients with 
hepatocellular carcinoma (HCC). In all recipients who underwent primary transplantation (n = 228), possible 
negative factors influencing the development of early arterial complications were analyzed, such as degree of 
allograft steatosis, cold and warm ischemia time, revascularization duration, blood pressure level after arterial 
reconstruction, and exchange transfusion volume. Results. The degree of allograft steatosis did not differ between 
HCC patients and the general sample (95% CI, p = 0.25). No early arterial complications were revealed during 
TACE. There was no significant difference in preservation parameters, arterial revascularization time, systolic 
blood pressure level at blood flow start, and exchange transfusion volume (CI 95%, p > 0.05). The incidence of 
early vascular complications in the study group was 16.7%, it did not differ from the entire sample (95% CI, p = 
0.96). Conclusion. The incidence of early arterial complications of OLTx in patients who underwent TACE does 
not significantly increase both according to the literature and our own findings. When vascular complications of 
OLTx occur, image-guided endovascular intervention is the method of choice for treatment.
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inTrOducTiOn
TACE is a recognized palliative treatment for HCC. 

In patients with HCC and cirrhotic transformation of the 
organ before a scheduled transplantation, neoadjuvant 
TACE reduces tumor size, biological activity of tumor 
and prolongs the waiting list time without significant pro-
gression. The literature describes specific arterial com-
plications of embolization – intimal detachment, stenosis 
and thrombosis, leading to a shortage in blood supply to 
the organ, development of early complications, including 
in patients with subsequent liver transplantation [2, 3, 5].

maTerialS and meThOdS
The work is based on the data of 250 recipients. 

The analyzed group included 21 patients with HCC, 
9 men and 12 women aged 27.9 to 64.6 years (mean age 
was 49.7 ± 7.48). In absolute majority, HCC resulted from 
chronic viral hepatitis and cirrhosis. To assess the impact 
of neoadjuvant TACE on early arterial complications in 
all primary transplant recipients (total group, n = 228), 
possible adverse events were analyzed. In recipients on 
the waiting list who underwent TACE, these were intimal 
dissection and aneurysm, impaired arterial perfusion of 
the organ, and arterial thrombosis during arterial hepa-
tography. Eighteen recipients underwent 1 to 7 courses  

of neoadjuvant TACE, including four cases that combined 
pre-transplant liver resection. In two cases, radiofrequen-
cy ablation and liver resection without TACE were done.

Only one patient did not receive neoadjuvant therapy.
Before neoadjuvant TACE, 7 of 21 potential candi-

dates for OLTx did not meet the Milan criteria.
After arterial hepatography and reverse portography, 

embolizumab, a suspension of oil contrast (lipiodol 4 to 
10 mL) and antitumor drugs (doxorubicin 40–60 mg, 
mitomycin 10–15 mg) or 70 mg doxorubicin in satu-
rable spheres, was injected superselectively into ves-
sels feeding the tumor (DEB, patients 4, 8, and 9).  
The procedure may have been supplemented by mecha-
nical occlusion of the hepatic artery branches feeding 
the tumor with a fine-cut hemostatic sponge. There were 
no immediate complications of the procedure. Length  
of stay in the hospital for TACE ranged from 3 to 9 days 
(5 days on average). Subsequent liver transplantation 
after neoadjuvant treatment was performed within 2 days 
to 10 months.

In all cases, cold perfusion during allograft prepa-
ration was performed with custodiol solution (HTK 
“Custodiol”, Kohler, Germany) in 8–14 liters. Subse-
quently, during liver transplantation, we recorded the 
preservation parameters – cold and warm ischemia  
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time; arterial revascularization duration; blood pres- 
sure after arterial reconstruction. A physical intraoperati-
ve assessment was carried out – the presence of pulsatile 
flow distal to the formed anastomosis, volumetric flow 
rate was determined by Doppler ultrasound flowmetry. 
An at least 100 mL/min volumetric flow rate was consi-
dered adequate. Exchange transfusion volume was de-
termined by mathematical addition of transfused donor 
and collected autoerythrocyte masses using a cell saver 
machine. The period between the last TACE and organ 
transplant surgery was also evaluated. Outcomes of re-
peated transplants (n = 22) were excluded from the study.

reSulTS
In the sex and age distribution, HCC patients who 

underwent neoadjuvant TACE did not differ significantly 
from other recipients (p > 0.05 in both samples). The 
level of macrovesicular steatosis of the allograft prepa-
red for transplantation did not differ between the HCC 
patient groups and the overall sample (95% CI, p = 0.25). 
Among the seven patients who did not initially meet the 
Milan criteria, neoadjuvant TACE was performed in six 
cases, which in half of the cases reduced the tumor size 
to the above criteria. There was a significant decrea-
se in the median levels of alpha-fetoprotein before and 
after comprehensive neoadjuvant treatment – from 86  
to 23.6 IU/mL (p < 0.05).

There were no deaths from early arterial compli-
cations of OLTx in the study group. There were also  

no angiographic complications – intimal injury, redu-
ced hepatic arterial perfusion during a postponed stu-
dy, and hepatic artery thrombosis in waitlisted patients.

Average cold ischemia time in the analyzed group 
was 377.2 minutes, whereas the overall time for all trans-
plants was 397.8 minutes; warm ischemia time was 54 
and 47.8 minutes, respectively (P > 0.05). At arterial 
blood flow start, there was systolic blood pressure below 
100 mm Hg in 41.7% of 228 recipients, and in 33.3% of 
the analyzed group. No significant difference affecting 
the development of early complications (95% CI, p = 
0.49) were found. Exchange transfusion volume was 
comparable in all patients and those who underwent neo-
adjuvant treatment (Table 2).

Three patients in the study group (16.7%) had early 
vascular complications. In one case, blood supply defici-
ency was corrected intraoperatively by forming an ana-
stomosis with the aorta (patient #16). In a combination 
of hepatic artery stenosis of the graft and steal syndrome 
(patient #14), a successful balloon angioplasty of arterial 
anastomosis and splenic embolization were performed 
four days later; in one patient, the steal syndrome was 
eliminated by splenic embolization on day 6 after OLTx 
(patient #18).

We should note a case of late hepatic arterial throm-
bosis with the development of necrotizing cholangi-
tis, which was observed at day 32 and was not related  
to the TACE procedure and OLTx technique (patient #6).

Table 1
Neoadjuvant therapy options for patients on the waiting list

S/N Patient, age in years Diagnosis, stage Secondary diagnosis Previous treatment
1 K., 27 HCC T4N0M0 4 TACE
2 U., 48 HCC T3N0M0 PBC 1 TACE
3 K., 49 HCC T3N0M0 CHBI 2 TACE
4 K., 43 HCC T2N0M0 CHBI 1 TACE (DЕВ)
5 E., 49 HCC T3N0M0 CHCI 3 TACE
6 K., 53 HCC T2N0M0 CHBI 4 TACE, open radiofrequency ablation
7 S., 60 HCC T2N0M0 CHCI 2 TACE
8 R., 44 HCC T1N0M0 CHBI 1 TACE (DЕВ)
9 Z., 54 HCC T3N0M0 CHCI 2 TACE (DЕВ)

10 K., 52 HCC T2N0M0 CHCI 7 TACE

11 B., 58 HCC T3N0M0 CHCI 2 TACE, video laparoscopic resection, 
Radiofrequency ablation

12 N., 54 HCC T2N0M0 CHCI 5 TACE
13 T., 44 HCC T2N0M0 CHCI 2 TACE
14 S., 47 HCC T2N0M0 CHCI 2 TACE/TIPS
15 P., 52 HCC T3N0M0 CHCI 6 TACE, video laparoscopic resection
16 S., 64 HCC T3N0M0 PBC 2 TACE, video laparoscopic resection
17 P., 42 HCC T2N0M0 CHCI None
18 P., 53 HCC T2N0M0 CHCI 2 TACE
19 R., 46 HCC T1N0M0 CHCI Radiofrequency ablation
20 S., 46 HCC T3N0M0 CHBI Video laparoscopic resection
21 K., 44 HCC T2N0M0 CHCI 1 TACE
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Thus, in the early post-OLTx period, incidence of 
vascular complications was 16.2% in all patients and 
16.7% in recipients who received neoadjuvant TACE. 
There was no significant difference (95% CI, p = 0.96).

One-year graft survival (Kaplan–Maier estimates) 
was 91% (Fig.).

diScuSSiOn
Arterial and subsequent biliary complications are the 

main cause of graft dysfunction and patient death after 
OLTx. The severity of early vascular complications after 
liver transplantation is incomparable with the general 
surgical problems of the early postoperative period. He-
patic artery thrombosis leads to severe graft dysfunction 
and loss, which explains the high mortality rates. Arterial 
stenosis and arterial kink, and steal syndrome are the 
cause of arterial insufficiency in a transplanted organ, 
they determine the subsequent formation of multiple bili-
ary strictures, deterioration of its function and recipient’s 
condition, which eventually requires retransplantation in 
20–40% of cases [9, 3].

Today, TACE is regarded as the standard of care for 
patients with HCC against a background of cirrhosis.  
It allows to achieve “a decrease in the stage of the di-

sease”. It supports the status of their stay on the waiting 
list, including the Milan criteria [4]. Our experience 
shows superselective TACE allows 60% of potential 
candidates to prolong their stay on the waiting list for 
one year without significant progression [6, 8].

Severe complications of TACE in the form of intimal 
dissection and acute hepatic artery thrombosis usually 
occur when performing lobular embolization and with 
little experience in such procedures. Our research center 
performs several hundred chemoembolizations in pati-
ents with malignant liver tumors annually. Mortality is 
less than 2%, and the side effects do not require surgical 
intervention [7].

Current literature discusses the possible relationship 
of early vascular complications of OLTx in patients af-
ter neoadjuvant TACE. For example, D. Sneiders et al. 
analyzed the outcomes of OLTx after TACE in 1,122 pa-
tients in 14 retrospective studies. Both vascular and bi-
liary complications of OLTx were studied. All patients 
only after TACE with doxorubicin were included, but 
the technique itself was not considered: the authors in 
this meta-analysis did not separate classical oil TACE 
and DEB; they allowed lobular embolization in multiple 
sources of blood supply. There was increased incidence 

Table 2
Comparative indicators and differences by groups

Parameters (mean values) General group (n = 228) Analyzed group (n = 18) P
Cold ischemia, minutes 397.8 377.2 >0.05
Warm ischemia, minutes 47.8 54 >0.05
Arterial revascularization, minutes 48.3 56 >0.05
BP level at the time of arterial start, <100 mm Hg/% 41.7 33.3 <0.5
Exchange transfusion volume, mL 1520 1572.8 >0.05

Fig. Cumulative graft survival (Kaplan–Maier)
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of vascular complications of OLTx after TACE, but none 
of them were significant (p = 0.02) [3]. At the same time, 
achievement of TACE effect in patients with advanced 
HCC against the background of cirrhosis is a “bridge” to 
OLTx. Their survival is comparable to that of recipients 
who meet the Milan criteria; in addition, TACE potenti-
ally reduces the risk of relapse and progression [3, 5, 8].

A number of publications have studied histological 
changes in the wall of the lobar hepatic arteries of the 
explant. Panaro F. et al. detected arterial wall edema, 
fibrosis and hemorrhagic intimal necrosis in 12 of 32 pa-
tients with neoadjuvant TACE. However, there was no 
significant difference in the number of vascular com-
plications of OLTx (28% each in the TACE group and 
control group) and mortality from graft loss (6.25% vs 
5.75%) (p = 0.01) [4].

At our research center, TACE in HCC patients on the 
OLTx waiting list is performed using microcatheter tech-
nique only, always superselectively by definition. After 
performing 49 TACE procedures in 18 patients from the 
OLTx waiting list at our center, no consequences were 
noted [6, 8]. The incidence of vascular complications of 
transplantation was not significant – 16.2% in all pati-
ents and 16.7% in recipients who received neoadjuvant 
TACE (p = 0.96).

cOncluSiOn
The incidence of early arterial complications of OLTx 

in TACE recipients, according to literature and in our 
observations, has not increased.

Achieving the effect of the ongoing neoadjuvant treat-
ment in patients with advanced stages of HCC against a 
background of cirrhosis is a “bridge” to OLTx. Patient 
survival is comparable to that of recipients who met the 
Milan criteria.

In the case of vascular complications of OLTx, the 
treatment method of choice is X-ray image-guided en-
dovascular interventions.
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