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Summary and conclusions
Chapter 1: General introduction

Part I - Portal Vein Embolization
Literature on the most clinically relevant and novel liver function tests used for the 

assessment of hepatic function before liver surgery was reviewed in chapter 2. 

Postoperative liver failure is the major cause of mortality and morbidity after partial 

liver resection, and develops as a result of insufficient remnant liver function. Therefore, 

accurate preoperative assessment of the future remnant liver function is mandatory in 

the selection of candidates for safe partial liver resection. Because of the complexity of 

liver function, one single test does not represent overall liver function. In addition to CT 

volumetry, quantitative liver function tests should be used to determine whether a safe 

resection can be performed. We concluded that presently, 99mTc-mebrofenin HBS seems 

to be the most valuable quantitative liver function test, as it can measure multiple aspects 

of liver function in specifically the future remnant liver. 

Chapter 3 decribes the outcomes of portal vein embolization (PVE) and extensive 

resection in predamaged livers. Between January 2005 and July 2011, 56 consecutive 

patients underwent successful PVE by a percutaneous ipsilateral approach. The increase 

of the future remnant liver (FRL) was 51%. There were no significant differences in 

hypertrophy response of FRL between patients with and without chemotherapy (p=0.51), 

fibrosis/steatosis (p=0.43) or patients with and without cholestasis (p=0.58). Surgical 

resection was performed in 44 patients (80%). It was concluded that PVE is a safe and 

efficient technique in patients with compromised liver function due to fibrosis, cholestasis 

or liver damage after chemotherapy. 

Plasma bile salts and triglycerides were examined in the prediction of the regenerative 

response in a rabbit model of PVE in chapter 4. PVE of the cranial liver lobe was performed 

in fifteen rabbits, divided into 3 groups: NaCl (control), reconstituted collagen (short-term 

occlusion), and polyvinylalcohol particles with coils (PVAc, long-term occlusion). Plasma 

bile salt levels early after PVE strongly correlated with the regenerative response, showing 

more pronounced elevation with larger volume increase of the non-embolized lobe. 

Unlike bile salts, levels of triglycerides were not significantly altered in either of the PVE 

procedures. Plasma bile salts therefore, but not triglycerides, can be used in the prediction 

of the regenerative response after PVE.

The aim of chapter 5 was to assess plasma bile salt levels, triglycerides and apoA-V 

in the prediction of the hypertrophy response of the FRL after PVE in 20 patients with 

colorectal metastases. Serum apoA-V was increased during liver regeneration, without 

reaching statistical significance. Bile salt and triglycerides levels at 5 hours after PVE 

however were significant, early predictors of post-PVE liver volume and functional increase 

after 3 weeks. Thus, these parameters can be used in timing of resection after PVE. 
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Seventy-five patients were included in chapter 6 in a retrospective study on the 

importance of thrombocyte levels on liver regeneration after PVE in preparation for 

major liver resection. Absolute number of thrombocytes did not influence regeneration 

but in patients receiving pre-procedural chemotherapy, PVE performed at a time when 

thrombocytes are decreasing is associated with reduced regeneration.

The regenerative response after PVE leading to compensatory hypertrophy of the 

non-embolized liver segments, potentially enhances tumor growth. In chapter 7, we 

evaluated tumor growth in a series of patients undergoing liver resection after PVE, and 

found that TV increased after PVE, as well as tumor growth rate (TGR) with 0.53 mL/

day (range -4.24–8.00) vs 0.09mL/day (range -5.01–8.74; p=0.03) in non-PVE patients. 

TGR was 0.15 (range -3.79–1.00) mL/day before PVE, and 0.85 (range -1.46–4.67) mL/

day after PVE in the same patients (p=0.08). Seven (25.0%) patients showed new tumor 

lesions in the FRL after PVE, of whom three patients (10.7%) were not resectable. Patients 

after PVE also showed a significantly higher rate (8/19) of recurrent metastases in the 

remnant liver at follow-up. Short intervals as well as interval chemotherapy between PVE 

and resection are therefore advised. 

There is little literature describing the outcomes of the combination of PVE and 

transarterial embolization (TAE) or transarterial chemoembolization (TACE). A systematic 

literature search was performed in chapter 8 to identify all recorded literature on PVE and 

TAE or TACE. We observed a statistically significant greater FRL increase in patient series 

who had PVE prior to TAE when compared to patients who had TACE prior to PVE. A 

greater FRL increase correlated with a higher percentage of embolized liver volume and a 

lower percentage of non-embolized liver. 

We assessed tumor growth rate (TGR) and liver regeneration after PVE in a rabbit 

hepatic tumor model in chapter 9, and compared the results with a tumor control group, 

in which the liver was only mobilized. The hypertrophy response and proliferation rate 

in the non-embolized liver lobes were significantly higher in the PVE group, which was 

confirmed by liver to body-weight index assessment. TGR was increased in both groups, 

with a significantly larger increase in the PVE-group over time (day 14: mean 34.4±4.3mL/

day vs control: 24.1±7.2mL/day). In conclusion, TGR was significantly increased after PVE 

in the rabbit tumor model. This finding supports the notion that PVE potentially enhances 

tumor growth, along with regeneration of the non-embolized liver lobe.

In chapter 10, the occurrence or absence of ascites in patients who underwent liver 

resection was compared in patients who had indergone PVE before hepatectomy or not. 

Also, predictive factors for developing ascites after liver resection were examined. Our 

analysis showed that PVE, major resections, operation time, and vascular inflow occlusion 

(Pringle) time were significant predictors of ascites after hepatectomy. 
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Part II – Preventions of complications in liver 
surgery

In chapter 11, we provided an update of the current evidence concerning vascular 

occlusion. If clamping is necessary during complex resections or in abnormal liver 

parenchyma, the intermittent Pringle manoeuvre is advised. Total hepatic vascular 

exclusion or selective hepatic vascular exclusion may be considered in tumors involving 

the inferior caval vein or the caval hepatic junction. There is no evidence supporting 

the use of ischemic preconditioning, maintenance of a low CVP or of pharmacological 

interventions during liver resection.

Biliary leakage and management were assessed in 381 patients who underwent liver 

resection in chapter 12. Our conclusion was that the incidence of posthepatectomy biliary 

leakage has decreased over time, while percutaneous transhepatic biliary drainage (PTD) 

and endoscopic stenting are effective treatment modalities. PTD is the treatment of choice 

in bile leakage after resection combined with hepaticojejunostomy.

The influence of prolonged pneumoperitoneum (PP) on liver function and perfusion 

in a clinically relevant porcine model of laparoscopic abdominal insufflations was assessed 

in chapter 13. The conclusion was that the liver sustains no additional damage due to 

prolonged PP during laparoscopic surgery. Our findings suggest that prolonged PP does 

not hamper liver function or cause liver damage after extended laparoscopic procedures. 

Simultaneous resection of primary colorectal carcinoma (CRC) and synchronous liver 

metastases is subject of debate with respect to morbidity in comparison to staged resection. 

Five patients with primary CRC and synchronous liver metastases underwent combined 

laparoscopic colon and liver surgery in 2011 and 2012, and were retrospectively reviewed 

in chapter 14. From this initial single center experience, simultaneous laparoscopic 

colorectal and liver resection appears to be feasible in selected patients with colorectal 

cancer and synchronous hepatic metastases, with satisfying short term results.

Staging Laparoscopy (SL) has been found useful in staging malignancy, but is not 

regularly performed in patients with hepatocellular carcinoma (HCC). 56 consecutive 

patients with HCC who underwent SL between January 1999 and December 2011 were 

analyzed in chapter 15. Overall yield and accuracy of SL for HCC were 7% and 27%, 

respectively. The change in treatment strategy after SL was limited. Therefore, SL should 

not be performed routinely, but should be restricted to selected cases. 

Future perspectives
In the last decades, knowledge on the use of portal vein embolization (PVE) has significantly 

increased, however, much of the effects of this procedure still remains unknown. There is 

increasing evidence that PVE also accelerates tumor proliferation. This creates a dilemma 

in terms of optimal waiting time until resection. There is a need for optimization of 

treatment strategies to prevent tumor progression after PVE. Therefore, experimental and 
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clinical studies are necessary to unravel some important questions. Resection is usually 

performed 3-6 weeks after PVE, but the exact time optimum remains controversial. 

One method to prevent tumor growth is to shorten the time-interval between PVE and 

resection. One of the aims of future studies is to determine the optimal time interval 

between PVE and resection according to the increments of liver function (measured by 
99mTc-mebrofenin hepatobiliary scintigraphy with SPECT) and liver volume (measured 

by CT-volumetry) in the VX2 liver tumor model in the rabbit. Also, little is known about 

the type of the embolic agent in regard with the extent of the hypertrophy response. 

Another way to prevent tumor proliferation after PVE is therefore to occlude the portal 

vein temporarily (reversible portal vein occlusion). Absorbable temporary embolization 

materials lack most disadvantages of permanent materials such as backflow of the 

embolization material, thrombosis of the main portal vein and irreversible occlusion. The 

rabbit PVE-model can be used to evaluate the effects of several absorbable embolic 

agents for PVE, in order to find the right balance between absorption and maximal 

hypertrophy response. A third treatment strategy is to embolize the hepatic artery (HAE) 

feeding the tumor(s) before performing PVE. Only initial experiences have been reported 

about sequential application of HAE and PVE in patients. HAE alone does not result in the 

desired atrophy-hypertrophy response. The combination of HAE and PVE, however, will 

result in hypertrophy of the non-embolized lobe, at the same time limiting further tumor 

growth induced by compensatory hyperperfusion of the hepatic artery. Simultaneous 

embolization of the portal vein and hepatic artery carries a high risk of parenchymal 

necrosis as a result of occlusion of the dual blood supply. The risk of necrosis is reduced 

if the hepatic artery and portal vein are embolized sequentially. The optimal time-interval 

between embolization of the portal vein and hepatic artery is, however, unknown. To 

explore the effects of this treatment strategy, we propose to apply the VX2 tumor animal 

model in which both PVE and HAE can be assessed in relation with the rate of tumor 

growth. The optimal time interval between HAE and PVE has to be examined so as to 

prevent tumor growth while preventing parenchymal necrosis and not prolonging the 

time between the interventions and resection.

Also, we assume that the underlying mechanisms of liver regeneration after PVE and 

liver resection are distinct. Another perspective is therefore to examine the mechanisms 

of hepatic regeneration following PVE in comparison to partial hepatectomy. This can be 

achieved by measuring several regeneration markers at different time-points after PVE 

and liver resection in the PVE-model. We also hypothesize that the hypertrophy response 

is more pronounced after portal vein occlusion in combination with in situ resection (with 

preservation of the ipsilateral hepatic artery) as has been recently shown in a clinical 

study.1 The results of these studies will be translated into new interventions applied in 

patients with initially unresectable hepatic tumors in order to improve surgical outcome.
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