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Abstract 

Background: Survival benefit of surgical resection for hepatocellular carcinoma (HCC) patients with 
portal vein tumor thrombus (PVTT) has been approved recently. However, risk factors for in-hospital 
mortality in these patients remain unclear. We aimed to determine risk factors and reduce the mortality 
of these patients.  
Methods: We analyzed data for 521 of all 1531 HCC patients with PVTT underwent surgery. The 
primary outcome measure was in-hospital mortality after surgical resection. Univariate and Multivariate 
cox-regression were performed to identify independent predictors of in-hospital mortality. The methods 
of Kaplan-Meier, bootstrap and ten-fold-cross validation were applied to validate the risk factors. 
Results: 521 of 1531 patients in 2004-2012 occurred for the diagnosis of HCC associated with PVTT and 
underwent surgical resection as a training cohort. Other 325 patients in 2013-2016 were included as a 
validation cohort. Overall mortality of postoperative in-patients was 3.3% (17/521) and 2.8 % (9/325), 
respectively. Univariate analysis of mortality revealed that frequency of hospitalization, total albumin, 
different types of PVTT, bleeding volume, blood transfusion, resection volume, and tumor volume were 
related with mortality. Therefore, the bootstrap validation reflected that the risk factors of multivariate 
cox regression in model1(frequency of hospitalization, bleeding volume, and tumor volume) and model 2 
(frequency of hospitalization, bleeding volume and total albumin) were stable with mortality in hospital. 
Ten-fold cross-validation of cox regression analysis showed that the mean C-statistic with 95%CI of 
model1 and model2 respectively were 0.887(0.779-0.976) and 0.867(0.789-0.966) for predicting 
in-hospital mortality. Consistency results of models were in the training cohort and validation cohort.  
Conclusion: Total albumin, tumor volume, intraoperative bleeding and frequency of hospitalization 
were independent predictive factors for in-hospital mortality in HCC patients with PVTT under surgery. 
Further study is warranted to utilize these factors to lower in-hospital mortality. 
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Introduction 
Hepatocellular carcinoma (HCC) is the fifth most 

common malignancy and the third leading cause of 
tumor-related death in the world [1]. Although 
multiple treatments, such as surgical resection, liver 

transplantation, transarterial chemoembolization 
(TACE) and radiotherapy (RT), could be performed 
for selected HCC patients, the high recurrence rate 
has impaired long-time survival. Indeed, HCC 
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patients associated with portal vein tumor thrombus 
have been reported to have an extremely poor 
prognosis[2]. PVTT has been reported to be an 
independent factor predicting high recurrence and 
poor survival rate [3-5]. The median survival time 
(MST) of HCC patients with PVTT was found to be 
significantly reduced (2–4 months) compared to 
patients without PVTT [6]. According to the Barcelona 
Clinic for Liver Cancer (BCLC) Staging System and 
treatment guidelines, PVTT was regarded as a 
contraindication of operation in HCC patients[1, 7]. 
Furthermore, sorafenib was only proposed treatment 
option for these patients with PVTT, with MST of as 
short as 10.7 months [8]. However, the Asia-Pacific 
guideline recommends multidisciplinary treatment of 
surgery, TACE, RT and sorafenib as treatment options 
[9-11]. Among these, surgical resection may be only 
completely cure HCC and play beneficial role in the 
treatment of some selected patients with PVTT [12].  

Aggressive surgical resection for HCC with 
PVTT been proposed by several tertiary centers, 
concluding that surgical resection was associated with 
a longer survival outcome than non-surgical 
treatment for some selected HCC patients with PVTT 
[12-14]. Because of advances in surgical techniques 
and perioperative management, surgical resection has 
become a reasonably recognized treatment option 
with an acceptable mortality and morbidity rate with 
a better survival benefits [2, 11-13, 15, 16]. Based on 
recent studies, in-hospital mortality after surgical 
resection in HCC patients with PVTT ranged from 
3.7% to 10% [12, 17-19]. Perioperative management 
and skilled surgical operation counted a great deal to 
reduce the mortality rate by lowering risk factors of 
these patients. However, the independent risk factors 
of in-hospital mortality for HCC patients with PVTT 
after surgical resection is still unclear.  

The aim of the present study was to determine 
the risk factors for in-hospital mortality in HCC 
patients with PVTT after surgical resection. Further, 
these conclusions may provide surgeon with valuable 
clinical reference to lowering in-hospital mortality of 
HCC patients with PVTT under surgical resection 
aiming of prolonging these patients’ survival.  

Materials and Methods 
Diagnostic Criteria for different types of PVTT 

PVTT was diagnosed using imaging examina-
tion (ultrasound, CT and MRI) and/or intraoperative 
and postoperative histopathology [20] in HCC 
patients. According to Cheng’s Classification, PVTT 
was classified into 4 types based on the extent of 
PVTT in the portal vein: Type I, tumor thrombus in 
the segmental branches of the portal vein or above; 

Type II, tumor thrombus extending to the right or the 
left portal vein; Type III, tumor thrombus extending 
to the main portal vein; and Type IV, tumor thrombus 
extending to the main portal vein and the superior 
mesenteric vein.  

Study population and inclusion criteria 
This study was conducted retrospectively in 

Eastern Hepatobiliary Surgery Hospital (EHBH) and 
approved by the Institutional Ethics Committee of 
EHBH. Written informed consent was obtained from 
all the patients for their data to be used for study. The 
primary measured outcome was in-hospital mortality 
after surgical resection, defined as death prior to 
discharge regardless of cause or time from operation. 
The inclusion criteria were: (1) HCC patients with 
PVTT diagnosed by diagnostic criteria mentioned 
above. (2) HCC patients with PVTT performed under 
surgical resection with Child–Pugh class A or selected 
B liver function. (3) Patients without macroscopic 
hepatic vein tumor thrombus, extrahepatic spread or 
distant metastases and no other malignancies. (4) 
Patients without other treatments such as TACE, 
chemotherapy, radiotherapy and sorafenib. (5) 
In-hospital mortality of HCC patients with PVTT.  

Surgery Procedures 
The surgical procedures have been reported in 

previous study[21]. Only HCC patients with PVTT 
with Child–Pugh A or selected B liver function were 
offered hepatic resection [4, 22, 23]. Surgical resection 
was performed under general anesthesia using a right 
subcostal incision with a midline extension. Intraope-
rative ultrasound was routinely performed. Thromb-
ectomy was performed according to the different 
types of PVTT. When the lesion is resectable, HCC 
patients with type I and II PVTT was recommended 
be performed surgical resection of the PVTT en bloc 
with the primary HCC. Depending on the patient's 
preference, partial hepatectomy combined with 
thrombectomy or main portal vein resection followed 
by reconstruction may be performed for some selected 
HCC patients with type III and IV PVTT. Type III and 
IV PVTT was extracted out from the opened stump of 
the portal vein if the PVTT protruded into the main 
portal vein beyond the resection line. If the PVTT 
extended into the main portal trunk and its primary 
branches on both sides, the main portal trunk was 
exposed and was clamped distal to the PVTT. The 
PVTT was extracted after an incision was made at the 
bifurcation of the right and left portal veins. After 
flushing with normal saline and confirming that no 
PVTT remained, the stump was closed by a 
continuous suture. 
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Statistical Analysis  
In our queue cohorts, the continuity variables are 

tested by normality. Normality data are represented 
as mean ± standard deviation and an independent-t 
test was used to test the difference between two 
groups. No-Normality data are represented as median 
and the interquartile range, and a Mann–Whitney 
U-test as used to compare sets of continuous 
variables. Counting data are presented as ratio. We 
use the bootstrap method to calculate the 95% 
interval. In addition, we stratified the patients into 
four groups according to value of quarter in the 
different continuity variables for further statistical 
analysis. Univariate and multivariate cox regression 
were used to explore the independent factors for the 
death in-hospital HCC patients with PVTT. We 
established model1 and model2 and calculated their 
C-statistics with 95%CI respectively for predicting 
in-hospital mortality, because of the particularity of 
indicators. The mortality rates during hospitalization 
of indicators with different stratification were 
presented by Kaplan-Meier curve, and the difference 
was tested by log-rank test. The same statistical 
operation was implemented in the validation group. 
Then, the methods of bootstrap for the coefficients of 
risk factors were preformed to validate the stable 
results of cox regression in different models. Finally, 
the ten-fold-cross-validation was carried by using the 
training and internal validation cohort data. All 
statistical methods are carried out in SPSS (SPSS.inc, 
USA, version 24.0) and R(Foundation for Statistical 
Computing, Austria, version 3.4.4), and P-value is less 
than 0.05 with statistical significance. 

Results  
Baseline Characteristics of Patients 

From 2004 to 2012 in EHBH, 1531 patients were 
diagnosed as HCC with PVTT. 521 of 1531patients 
under surgical treatment included in our study were 
regarded as a training cohort. Among them, only 17 
patients were dead during hospitalization after 
surgical treatment, with the in-hospital mortality of 
3.3% (17/521). In addition, from 2013 to 2016 in 
EHBH, 325 patients with HCC and PVTT underwent 
the surgical treatment were including and regarded as 
the validation cohort with the in-hospital mortality of 
2.8% (9/325). The flow chart of the including HCC 
patients with PVTT was shown in Figure 1. Baseline 
and clinical characteristics of enrolled HCC patients 
with PVTT in two cohorts were listed in Table 1. 
Although they were not included in the same time, 
there were no significant differences in most variables 
between two cohorts. All HCC patients with PVTT 
were under surgical treatment with Child–Pugh A or 

selected B liver function, resulting from perioperative 
management. More men than women with HCC and 
PVTT were included in the analysis, with median 48 
and 49 years old, in the training /internal validation 
cohort. 

 

Table 1. Clinical characteristics of the study populations who 
with HCC and PVTT after resection.  
Variables 2004-2012 

cohort(n=521) 
2013-2016  
cohort(n=325) 

χ2/Z P 

Age, year 49.0(42.0-56.0) 48.0(40.0-55.5) -0.771  0.441  
Gender   0.001  0.978  
Male 470(90.21%) 293(90.15%)   
Female 51(9.79%) 32(9.85%)   
Time of hospitalization, 
days 

15.0(13.0-20.0) 14.1(13.0-19.0) -0.264  0.792  

Postoperative hospitalization 0.164  0.686  
Alive 504(96.74%) 316(97.23%)   
Dead 17(3.26%) 9(2.77%)   
Number of hospitalization  0.181  0.671  
First 120(23.03%) 79(24.31%)   
Again 401(76.97%) 246(75.69%)   
Child-Pugh grade  0.167  0.683  
A 511(98.08%) 320(98.46%)   
B 10(1.92%) 5(1.54%)   
Preoperative serological Indexes   
HBsAg,yes 463(88.9%) 280(86.2%) 1.378  0.240  
Total albium,mg/ml 72.0(68.2-77.0) 76.0(68.6-79.0) -0.310  0.757  
ALT, U/L 45.0(29.4-66.0) 38.0(29.1-66.6) -0.092  0.227  
AST, U/L 49.0(34.0-67.0) 39.0(24.0-68.5) -0.180  0.157  
AFP, ng/mL 1000.0(82.1-1210.

0) 
914.0(95.9-1210.0
) 

-0.964  0.343  

CEA, ng/mL 2.2(1.5-3.3) 2.8(1.4-3.3) -0.310  0.757  
CA199, ng/mL 23.8(13.6-40.3) 20.2(14.1-40.4) -0.258  0.797  
Intraoperative Indexes    
Thrombectomy, yes 261(50.10%) 164(50.46%) 0.011  0.918  
Cholecystectomy, yes 456(87.52%) 284(87.38%) 0.004  0.953  
Ascites, yes 60(11.52%) 35(10.77%) 0.112  0.738  
Blood Transfusion, yes 162(31.1%) 97(29.8%) 0.147  0.702  
Bleeding,100ml 4.0(2.5-8.0) 4.0(2.6-8.0) -0.266  0.790  
PVTT,type  0.583  0.900  
I 134(25.72%) 84(25.85%)   
II 274(52.59%) 169(52.00%)   
III 108(20.73%) 67(20.62%)   
IV 5(0.96%) 5(1.54%)   
Metastasis, yes  48(9.21%) 28(8.62%) 0.087  0.767  
Pathological Indexes    
Liver cirrhosis,yes 377(72.36%) 234(72.00%) 0.013  0.909  
Number of tumor, Multi 63(12.09%) 48(14.77%) 1.258  0.262  
Vascular invasion,yes 443(85.03%) 273(84.00%) 0.163  0.687  
Resection Volume, cm3 137.8(97.9-194.4) 145.0(87.1-198.6) -0.209  0.835  
Tumor Volume, cm3 52.2(28.0-93.0) 58.6(28.6-95.4) -0.366  0.714  
NA: not available 
 

The relationship between the type of PVTT 
and the in-hospital mortality in training cohort 

The HCC patients with different types of PVTT 
were under surgical treatment had entirely distinct 
prognosis [12, 14, 23]. Type I and type II PVTT 
patients had a better prognosis than those with type 
III and IV [14]. We further clarified the relationship 
between the different type of PVTT and the 
in-hospital mortality of HCC patients with PVTT after 
surgical resection. The survival curve of different type 
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of PVTT patients was showed in Figure 2A. HCC 
patients with type I PVTT had a longer survival than 
those with type IV. Contrarily, type IV patients had 
high in-hospital mortality than type I PVTT patients.  

Figure 2B was the life table of the HCC patients 
with different type of PVTT under surgery in each 5 
days during the time of hospitalization. In Figure 2B, 
the death of PVTT patients under surgery was almost 
up to 30 days of hospitalization. In-hospital mortality 
of patients undergoing surgery with type I, II, III, IV 
PVTT was 1.5% (2/134), 3.3% (9/274), 3.7% (4/108), 
and 40% (2/5), respectively. From the above, the 
different type of PVTT has a significant relationship 
with the in-hospital mortality in the HCC patients 
after resection.  

Univariate analysis of in-hospital mortality for 
HCC patients with PVTT after surgery in 
training cohort 

The univariate analysis had revealed that eight 
potentially potential risk factors could be related with 
the in-hospital in the HCC patients with PVTT after 

surgical resection. These risk factors belong to 
different clinical categories, respectively were History 
of hospitalization: Frequency of hospitalization 
(HR,95%CI=0.057 (0.016-0.202),P<0.001), Preoperative 
Serological examination: the expression of total 
albumin (HR,95%CI=1.612 (1.004-2.587), P=0.048); 
Intraoperative index: the type of PVTT (IV vs I, HR, 
95%CI=66 (5.949-732.281), P<0.001), Intraoperative 
Bleeding volume (HR,95%CI=1.086 (1.044-1.129), 
P<0.001), Blood Transfusion (HR,95%CI=5.664 (1.961- 
16.358), P=0.001); Pathological Indexes; Resection 
Volume (HR, 95%CI=1.134 (1.004-1.281), P=0.043), 
Tumor Volume (HR, 95%CI=1.006 (1-1.011), P=0.035) 
and Vascular invasion (HR, 95%CI=0.27 (0.079-0.927), 
P=0.037). As the results, preoperative liver function 
(Total Alb), types of PVTT, the operation 
(intraoperative bleeding, resection volume, tumor 
volume) were risk factors for in-hospital mortality for 
HCC patients with PVTT after surgery. The other 
details were shown in Table 2. 

 

 
Figure 1. The flow chart of screening all HCC patients for selected patients with PVTT under surgical resection in 2004-2012 and 2013-2016.  
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Figure 2. A: The survival curve of four types of PVTT in 521 HCC patients; B: The Life table: the number of total and the death patients at each 10 days during the 
period of hospitalization. 

 

 
Figure 3. Kaplan-Meier analysis for different variables: A: Frequency of hospitalization(first vs more ,P<0.001);B: intraoperative bleeding volume (Per quarter, 
P=0.008);  C: tumor volume (per quarter, P=0.011), D: total albumin (per quarter, P=0.004) 
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Table 2. Univariate analysis of mortality for HCC patients with 
PVTT (all resections).  
Variables B  P HR 95% CI 
Gender, male vs female 0.711 0.277 2.036 0.565-7.336 
Age, per year 0.028 0.266 1.028 0.979-1.08 
Time of hospitalization -0.004 0.925 0.996 0.926-1.071 
Frequency of hospitalization, 
first vs more 

-2.863 <0.001 0.057 0.016-0.202 

Preoperative serological examination   
HBsAg, positive vs negative  -0.519 0.426 0.595 0.166-2.134 
Total Alb, per quarter, g/L 0.478 0.048 1.612 1.004-2.587 
ALT, per quarter, U/L 0.391 0.098 1.478 0.93-2.347 
AST, per quarter, U/L 0.303 0.18 1.354 0.869-2.11 
AFP, per ug/ml 0.725 0.117 2.064 0.834-5.112 
CEA, per quarter, ng/mL -0.061 0.781 0.94 0.609-1.452 
CA199, per quarter, ng/mL 0.321 0.164 1.378 0.878-2.165 
Intraoperative and Pathological Index 
PVTT (Ref,I)  0.006   
II 0.913 0.243 2.491 0.538-11.53 
III 0.634 0.492 1.886 0.309-11.493 
IV 4.19 0.001 66 5.949-732.281 
Ascites, yes vs no  0.519 0.426 1.68 0.469-6.026 
Intraoperative bleeding, per 
quarter 

0.082 <0.001 1.086 1.044-1.129 

Blood Transfusion, yes vs no 1.734 0.001 5.664 1.961-16.358 
Resection Volume, per quarter 0.126 0.043 1.134 1.004-1.281 
Tumor Volume, per quarter 0.006 0.035 1.006 1-1.011 
Number of tumor, one vs more  0.842 0.152 2.321 0.733-7.352 
Liver cirrhosis, no vs yes  0.506 0.348 1.659 0.576-4.78 
Capsular invasion, no vs yes  0.296 0.309 1.345 0.76-2.38 
HR: hazard; B: regression coefficient; CI: confidence interval; PVTT: portal vein 
tumor thrombus; ALT: alanine aminotransferase; AST: aspartate aminotransferase; 
AFP: alpha fetoprotein; CEA: carcinoembryonic antigen; CA-199: carbohydrate 
antigen 199; HBsAg: hepatitis B surface antigen 
 

Multivariate and Kaplan-Meier analysis of 
in-hospital mortality for HCC patients with 
PVTT after surgery in training cohort 

In multivariate analysis, we explored the 
independent risk factors for hospitalized HCC 
patients with PVTT after resection to build two cox 
regression models for multivariate analysis, because 
of the high correlation between liver resection volume 
and tumor volume. The factors of tumor volume (HR, 
95%CI=2.37 (1.191-4.716), P=0.014); Intraoperative 
bleeding volume, (HR, 95%CI= 3.993 (1.373 -11.612), 
P=0.011) and Frequency of hospitalization 
(HR,95%CI=-2.174,0.114 (0.031-0.416), P=0.001) show-
ed been the significant factors in the first model which 
contain the index of tumor volume. In the second 
model, we unexpectedly found that the Resection 
volume was not an independent risk factor for HCC 
patients with PVTT in-hospital (HR, 95%CI= 1.001 
(0.995 -1.006), P=0.82), however, the factor of total 
albumin (HR, 95%CI=1.649 (1.014-2.681), P=0.044) 
was existed in the second model. More details were 
shown in Table S1. Kaplan-Meier analysis was to 
analyses the above independent risk factors in the 
two-cox regression model as shown in Figure 3. From 
these results, HCC and PVTT patients under surgery 
with more frequency of hospitalization (P<0.001), 
more intraoperative bleeding (P=0.008), more tumor 
volume (P=0.011), and lower total albumin (P=0.004) 
had a higher in-hospital mortality after surgical 
resection. 

 

Table 3. Ten-fold cross-validation multivariable cox regression on “death in hospitalization” in the training/internal validation cohort. 

Variables B Coefficients B-coefficients- 
Mean±SD 1 2 3 4 5 6 7 8 9 10 

Frequency of hospitalization,one vs more -2.510 -2.691 -1.802 -1.833 -2.473 -2.562 -3.901 -2.072 -1.530 -2.282 -2.366±0.661 
PVTT, type            
I Ref Ref Ref Ref Ref Ref Ref Ref Ref Ref  
II -0.700 0.466 -0.159 0.898 -0.602 -0.530 0.240 -0.483 -0.105 -0.350 -0.133±0.520 
III -0.414 0.168 0.403 0.494 -0.757 -2.047 0.255 -0.066 -0.272 -0.586 -0.282±0.750 
IV 1.680 2.872 2.895 4.113 -12.223 0.428 7.095 1.799 2.147 1.866 1.267±5.072 
Intraoperative bleeding, per quarter,100ml 1.134 1.203 2.456 2.069 1.096 1.337 1.377 1.796 1.431 1.175 1.507±0.455 
Tumor volume, per quarter,cm3 1.000 0.689 0.497 0.302 0.955 1.006 1.677 0.783 1.013 1.629 0.955±0.437 
Total albiumn, per quarter# 0.327 0.315 0.433 0.608 0.288 0.837 0.738 0.603 0.424 0.530 0.510±0.186 
Intraoperative Blood Transfusion, yes vs no -1.067 -1.040 -1.271 -1.236 -1.591 -0.432 -0.349 -1.432) -0.944 -1.229 -1.059±0.400 
C-statistic for model1 0.878 0.891 0.887 0.799 0.89 0.886 0.928 0.877 0.877 0.877 0.887 (0.779-0.976) 
Frequency of hospitalization, one vs more -2.437 -2.721 -2.050 -2.154 -2.374 -2.341 -3.250 -1.990 -1.575 -2.182 -2.307±0.450 
PVTT, type            
I Ref Ref Ref Ref Ref Ref Ref Ref Ref Ref  
II -0.594 0.657 0.071 0.673 -0.293 -0.342 0.335 -0.059 0.256 -0.069 0.064±0.420 
III -0.139 0.278 0.684 0.393 -0.465 -1.737 0.165 0.344 0.019 -0.192 -0.065±0.674 
IV 2.024 3.794 4.241 4.729 -11.763 1.189 6.947 2.123 2.652 2.756 1.869±5.067 
Intraoperative bleeding, per quarter,100ml 1.049 1.211 2.430 2.076 0.989 0.968 1.201 1.513 1.364 1.132 1.393±0.490 
Total albiumn, per quarter# 0.380 0.312 0.372 0.665 0.692 0.886 0.401 0.589 0.556 0.598 0.505±0.187 
Resection volume, per quarter,cm3 0.402 0.266 0.535 0.517 0.305 0.504 0.408 0.594 0.499 0.881 0.491±0.172 
Intraoperative Blood Transfusion, yes vs no -0.949 -0.952 -1.371 -1.429 -1.069 -0.146 -0.229 -1.235 -0.816 -1.171 -0.937±0.439 
C-statistic for model2 0.846 0.857 0.89 0.758 0.888 0.851 0.867 0.849 0.849 0.849 0.867 (0.789-0.966) 
Sample size of the training cohort (no.) 406 409 411 412 405 408 415 418 414 419 - 
Sample size of the testing cohort (no.) 110 110 110 112 109 112 109 105 108 102 - 
*: Model1: the tumor volume was included in the model, not tumor resection volume; Model2: tumor resection volume was included in the model, not the tumor volume; #: 
the total albumin was sort as descending order.NA:not available. Bold fonts mean that the p-value was less than 0.05. 
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Validation for risk factors in-hospital mortality 
for HCC patients with PVTT after surgery 

Bootstrap method for cox-regression showed 
that all the coefficient of risk factors had a statistical 
significance in the training cohort. More details were 
shown in Table S2. In addition, the 10-fold-cross 
validation was also used to validate the coefficient of 
risk factors by using the training data and internal 
validation data and it showed that the variables were 
statistically significant in the model1 and model2 with 
cox-regression in most times. Therefore, the mean 
C-statistic with 95%CI of model1 and model2 
respectively were 0.887(0.779-0.976) and 0.867(0.789- 
0.966) for predicting in-hospital mortality. Details 
were shown in Table 3. Finally, Kaplan-Meier curve 
analysis was also performed in the validation cohort, 
as it showed in Figure S1. The risk factors of 
frequency of hospitalization (P=0.001), intraoperative 
bleeding (P=0.016) and total albumin (P=0.008) were 
also related with in-hospital mortality, except tumor 
volume (P=0.051). Details were shown in Figure S1. In 
summary, total albumin, tumor volume, intraopera-
tive bleeding, frequency of hospitalization could be 
regarded as the independent risk factors for 
in-hospital mortality in HCC patients with PVTT 
under surgical resection. 

Discussion 
Previous studies with extensive evidence based 

on the safety and efficacy of HR for HCC patients 
with PVTT showed that patients with first-order 
branch PVTT and preserved liver function had a 
better prognosis under HR.[24, 25]. However, 
in-hospital mortality rate, which ranged from 3.7% to 
10%, had been reported for HCC patients with PVTT 
after surgery[13]. Few studies have explored the risk 
factors for in-hospital mortality for HCC patients with 
PVTT under liver resection.  

This study firstly assessed the independent 
predictive factors for in-hospital mortality in HCC 
patients with PVTT under surgical resection. In this 
study, we analyzed 521 of 1531 patients diagnosed of 
HCC with PVTT and underwent surgical resection in 
EHBH, which was one of the largest single-center 
experiences reported in recent years. Among them, 
17(3.3%) patients were dead after liver resection 
surgery, indicating relatively low in-hospital mortal-
ity. The majority of in-hospital death was occurred up 
to 30 days after surgery (16/17, 94.1%), and the causes 
of death was all related to severe complications after 
surgery, such as postoperative massive hemorrhage 
and acute hepatic failure. Thus, reducing risk factors 
of these patients could lower the rate of in-hospital 
death. 

In terms of the treatment options for PVTT, type 
I/II PVTT are more suitable for resection than type 
III/IV with a significantly longer survival. For type III 
PVTT patients, as the PVTT has extended to the main 
portal vein, patients can undergo surgery directly or 
after tumor downstaging using radiotherapy and/or 
TACE based on patients’ liver function[26, 27]. 
Further research suggested that patients with type 
III/IV PVTT and beyond had no significant 
improvement in survival after surgical treatment[28]. 
In this study, we founded that type I PVTT patients 
had a longer survival after surgery, moreover, 
in-hospital mortality of patients with IV PVTT was 
remarkably high (2/5, 40%) in this study as well as 
other studies[10, 17, 19]. Previous studies and our 
results suggested that the type of PVTT was a guiding 
indicator for treatment option for HCC patients with 
PVTT.  

The salient contribution of this publication is the 
identification of certain predictive factors strongly 
associated with the prognostic outcome of in-hospital 
mortality of HCC patients with PVTT after surgical 
resection. So far here have been no widely accepted 
guidelines on the diagnosis and treatment of HCC 
with PVTT, and few studies focused on the risk 
factors [29]. In this study, we firstly proved that total 
albumin, tumor volume, intraoperative bleeding, and 
frequency of hospitalization were independent risk 
factors for in-hospital mortality. Among these 
predictors, the serum albumin level and tumor 
volume reflect the conditions of patients’ liver 
function reserve, which were closely related to the 
postoperative recovery. Previous studies proposed 
that serum albumin combined with bilirubin values 
could provide objective and standardized evaluation 
of remnant liver function, and this approach even 
showed better discriminatory ability than Child-Pugh 
class for prognosis in patients with HCC[30, 31]. 
Tumor volume was instructive for evaluating the 
response of solid tumors to treatment, according to 
the previous World Health Organization and 
Response Evaluation Criteria[32]. Emerging imaging 
techniques, such as new functional imaging and 
3-dimensional imaging have been effectively used 
clinically in recent years to provide a precise tumor 
volume resection. Our study suggested that patients 
with a serum albumin level less than 60g/L or tumor 
volume larger than 50.7 cm3 had a lower survival and 
higher in-hospital mortality after surgery. This 
conclusion could provide guidance for what kinds of 
HCC patients with PVTT are suitable for surgery. 
Preoperative liver function protection and 
preoperative imaging to determine tumor volume 
was necessary to decrease in-hospital mortality. 
Furthermore, massive intraoperative bleeding has 
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been demonstrated to increase the occurrence of 
post-operative complications and tumor recurrence 
[33-35]. Intraoperative bleeding should be much 
concerned as portal veins and hepatic veins 
vulnerable to injury during surgery of PVTT [36]. 
Bleeding from major vein could be fatal and 
extremely difficult to repair during operation. In this 
study, we also concluded that an intraoperative 
volume of more than 750ml might indicate a poor 
outcome in these patients. In regarding to frequency 
of hospitalization, it is interesting those HCC patients 
with PVTT who were in hospitalization at the first 
time show higher in-hospital mortality. This may be 
attributed to the fact that first hospitalized patients 
were performed surgery hastily under inadequate 
preoperative preparation. In contrast, HCC patients 
with PVTT who had several times of hospitalization 
were prepared for operation with a better general 
statue and liver function. On the whole, preoperative 
assessment of liver function reserve, reduction of 
intraoperative bleeding, and multidisciplinary 
combined diagnosis and treatment could provide 
HCC patients with PVTT with poor in-hospital 
mortality and a long-term prognosis.  

The limitations of this study should be 
emphasized: firstly, this single-center study was 
performed in China which has a high proportion of 
HBV infection. Secondly, potential bias may exist 
among the information of 17 dead in hospital patients 
belong to the insufficient amount and the 
retrospective nature of the study, which called large 
sample, multicenter clinical studies focusing on it. 

 In conclusion, our results indicated that surgery 
resection produced better survival rate for type I and 
II PVTT patients instead of type Ⅳ PVTT. The 
treatment for type Ⅲ should considered the general 
statue and liver function of HCC patients. As for the 
risk factors, total albumin, tumor volume or resection 
volume, intraoperative bleeding and frequency of 
hospitalization were independent predictive factors 
for in-hospital mortality in HCC patients with PVTT 
under surgical resection. Further study is warranted 
to utilize these factors in promoting early detection, 
diagnosis, and elective resection to lower in-hospital 
mortality. 
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