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General introduction and outline of the thesis

GENERAL INTRODuCTION

Surgery is the only curative treatment for primary or secondary hepatic tumors. Through 
the years, liver resections have become more extensive owing to better surgical techniques, 
better preoperative workup and new oncological insights. The type of resection depends 
of the size and the location of the tumor(s). The quality and size of the future remnant 
liver for a large part dictates the postoperative outcome. Although still a topic of ongoing 
discussion, it is generally accepted that a liver resection can be performed safely when the 
future remnant liver (FRL) is larger than 25-30% of the total liver volume (TLV) in patients 
with normal liver parenchyma. When liver tissue is damaged, e.g. in case of cirrhosis, ste-
atosis, cholestasis, fibrosis, or after extensive chemotherapy, the volumetric cut-off value 
for a safe liver resection is rather set at 40% of the TLV. [1, 2] When volume and function of 
the FRL fall short, liver augmenting procedures are necessary to prevent postoperative liver 
failure. Eighty percent of patients who develop post-operative liver failure will die due to this 
complication as we still lack effective devices for substitution of liver function. The golden 
standard for assessment of the FRL is volume measurement using computed tomography 
(CT volumetry). CT volumetry enables correct measurement of FRL-volume, however it 
does not provide information on function of the FRL. Our group has extensively studied the 
functional assessment of the FRL in the preoperative setting. We found that preoperative 
(99m)Tc-mebrofenin hepatobiliary scintigraphy (HBS) is an accurate technique to estimate 
the risk of postoperative liver failure, in both patients with healthy or compromised liver 
parenchyma. [3, 4] An effective method to increase remnant liver volume (RLV) and function 
preoperatively is portal vein embolization (PVE). Introduced in 1986 in clinical practice, this 
method preoperatively increases volume of the future remnant liver by completely occlud-
ing the right portal venous system.[5-7] PVE now is worldwide, an established percutaneous 
intervention by which usually the right portal vein branches are occluded preoperatively us-
ing permanent embolization agents. Polyvinyl alcohol particles in combination with coils and 
N-butyl cyano-acrylaat (NBCA) with Lipiodol are the most used agents for this procedure.

This thesis describes several conditions of preoperative augmenting procedures along 
with aspects of postoperative care in patients undergoing liver resection. Aim of this thesis 
is to improve the postoperative outcome of major liver resection in terms of postoperative 
morbidity and mortality.

OuTLINE OF THE THESIS

A vast body of research has been published on indications and outcomes of PVE, both clinical 
and translational. Our group successfully devised a rabbit model for PVE.[8] An overview of 
all the animal models which can be used to study PVE is presented in chapter 1.



10

General introduction and outline of the thesis

Most of the embolization materials used for PVE are permanent, as it is supposed that 
permanent occlusion of the portal vein is more effective in inducing an hypertrophy re-
sponse then temporary occlusion.[9-11] However, there are some relevant shortcomings to 
the application of permanent embolization materials. Firstly, there is a risk of the material 
migrating into the contralateral portal vein branches, inadvertently leading to thrombosis of 
the portal vein branches of the FRL. [12, 13] Secondly, some patients after PVE appear not be 
resectable at exploratory laparotomy due to tumor progression. In case of unresectability, 
permanent occlusion of the right portal vein potentially causes infectious complications on 
the embolized side of the liver. Thirdly, in living donor liver transplantation, the use of an 
absorbable material can be used to achieve a hypertrophy response in the future donor 
liver lobes before harvesting, without inducing permanent damage in the embolized lobe 
of the donor. The hypertrophic graft can be resected after sufficient regeneration has taken 
place while the embolization material is completely absorbed and function of the residual 
liver in the donor preserved as much as possible. Using an absorbable embolization material 
would therefore, have several advantages in clinical application. In chapter 2, we tested an 
absorbable embolization material in the rabbit model of PVE that would give a sufficient 
hypertrophy response.

In some cases the regeneration capacity after PVE proves to be insufficient to allow safe 
liver resection. Bile acids seem to play an important role as early mediators of regeneration 
of the liver, by activating the bile acid Farnesoid X-receptor (FXR). [14] In chapter 3, we 
investigated the effect of a FXR agonist (obeticholic acid, OCA) on liver regeneration in our 
standardized rabbit model of PVE.

Even more important than volume of the FRL is adequate liver function necessary to 
prevent post-operative liver failure. In chapter 4, we analyzed HBS before PVE as a predictor 
of a sufficient hypertrophy response after PVE. Little is known about the consequences of a 
persisting atrophic lobe in patients who are found to be unresectable after PVE. In chapter 5, 
we assessed the complications occurring after PVE in case of unresectability.

Chapter 6 focuses on differences in postoperative outcomes in patients who underwent 
liver resections in a specialized regional or academic center.

It is widely accepted that laparoscopic liver surgery potentially offers many benefits. The 
learning curve is difficult to deal with and in chapter 7, we evaluated a stepwise introduc-
tion of laparoscopic liver resections combined with structured training in our center. Finally, 
the postoperative management of patients after major liver resection is of paramount im-
portance. Fluid overload is a common problem after major liver resections that may be 
enhanced due to activation of the renin–angiotensin–aldosterone system (RAAS). In chapter 
8 we conducted a clinical pilot study in which the correlation between the RAAS and fluid 
overload was investigated.
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