
UvA-DARE is a service provided by the library of the University of Amsterdam (https://dare.uva.nl)

UvA-DARE (Digital Academic Repository)

Scintigraphic assessment of liver function in patients requiring liver surgery

Cieślak, K.P.

Publication date
2018
Document Version
Other version
License
Other

Link to publication

Citation for published version (APA):
Cieślak, K. P. (2018). Scintigraphic assessment of liver function in patients requiring liver
surgery. [Thesis, fully internal, Universiteit van Amsterdam].

General rights
It is not permitted to download or to forward/distribute the text or part of it without the consent of the author(s)
and/or copyright holder(s), other than for strictly personal, individual use, unless the work is under an open
content license (like Creative Commons).

Disclaimer/Complaints regulations
If you believe that digital publication of certain material infringes any of your rights or (privacy) interests, please
let the Library know, stating your reasons. In case of a legitimate complaint, the Library will make the material
inaccessible and/or remove it from the website. Please Ask the Library: https://uba.uva.nl/en/contact, or a letter
to: Library of the University of Amsterdam, Secretariat, Singel 425, 1012 WP Amsterdam, The Netherlands. You
will be contacted as soon as possible.

Download date:24 May 2023

https://dare.uva.nl/personal/pure/en/publications/scintigraphic-assessment-of-liver-function-in-patients-requiring-liver-surgery(bba4016a-2be8-479c-8ef2-af755e6f28a3).html


Scintigraphic 
assessment 
of  liver function 

in patients 
requiring 
liver surgery

KATARZYNA CIEŚLAK 

Scintigraphic assessm
ent of liver function in patients requiring liver surgery 

 
 

 
 

K
A

TA
R

Z
Y

N
A

 C
IEŚLA

K





Scintigraphic assessment of liver function 

in patients requiring liver surgery

Katarzyna Paulina Cieślak



Scintigraphic assessment of liver function in patients requiring liver surgery

Katarzyna Paulina Cieślak

PhD thesis, University of Amsterdam, the Netherlands 

ISBN:   978-94-6361-043-8

Cover illustration by:  Paweł Faliński, pfalinski@gmail.com 

Cover design by:   Optima Grafische Communicatie, Rotterdam 

Printing:    Optima Grafische Communicatie, Rotterdam 

© K.P. Cieślak, 2017, Amsterdam, the Netherlands

All rights reserved. No parts of this thesis may be reproduced or transmitted in any form or by 

any means without written permission of the author. 

The research described in this thesis was sponsored by Roba Metals BV, IJsselstein, The Neth-

erlands.

Printing of this thesis was financially supported by: Wetenschappelijk fonds Chirurgie Acade-

misch Medisch Centrum. 



Scintigraphic assessment of liver function 
in patients requiring liver surgery 

ACADEMISCH PROEFSCHRIFT 

ter verkrijging van de graad van doctor

 aan de Universiteit van Amsterdam

 op gezag van de Rector Magnificus

 prof. dr. ir. K.I.J. Maex

 ten overstaan van een door het College voor Promoties ingestelde commissie,

in het openbaar te verdedigen in de Agnietenkapel

op donderdag 18 januari 2018, te 14.00 uur 

door Katarzyna Paulina Cieślak 

geboren te Świdnik, Polen



PROMOTIECOMMISSIE: 

Promotor: Prof. dr. T.M. van Gulik AMC-UvA 

Copromotores: Prof. dr. R.J. Bennink AMC-UvA 

Overige leden: Prof. dr. C.H.C. Dejong

Prof. dr. J.A. Reekers

Prof. dr. B.L. F. van Eck-Smit 

Prof. dr. P.L.M. Jansen 

Dr. I.Q. Molenaar

Dr. W.G. Polak

Maastricht University  

AMC-UvA 

AMC-UvA 

AMC-UvA 

Universiteit Utrecht

Erasmus Universiteit Rotterdam 

Faculteit der Geneeskunde



COnTEnTS

General introduction and outline of the thesis 7

Chapter 1 New perspectives in the assessment of future remnant liver
Digestive Surgery 2014 and chapter “Preoperative Evaluation of Liver 
Function” published in book ‘Extreme Hepatic Surgery and Other Strategies’

17

Chapter 2 Comparison of techniques for volumetric analysis of the future liver 
remnant: implications for major hepatic resections
HPB (Oxford) 2015

45

Chapter 3 Measurement of liver function using hepatobiliary scintigraphy 
improves risk assessment in patients undergoing major liver resection
HPB (Oxford) 2016

59

Chapter 4 Future remnant liver function as predictive factor for the hypertrophy 
response after portal vein embolization
Surgery 2017

75

Chapter 5 Liver related complications in unresectable disease after portal vein 
embolization
Hepatobiliary Surgery and Nutrition 2017

93

Chapter 6 99mTc-mebrofenin hepatobiliary scintigraphy uptake and excretion 
phase in the preoperative management of patients with resectable 
perihilar cholangiocarcinoma
Submitted 

107

Chapter 7 Liver function declines with increased age
HPB (Oxford) 2016

123

Chapter 8 Assessment of Liver Function Using Tc-99m-mebrofenin Hepatobiliary 
Scintigraphy in ALPPS (Associating Liver Partition and Portal vein 
Ligation for Staged hepatectomy)
Case Reports in Gastroenterology 2015

135

Chapter 9 Monitoring of Total and Regional Liver Function after SIRT
Frontiers in Oncology 2014

145

Summary 

Summary and future perspectives 161

Nederlandse samenvatting 173

Appendices 

List of publications 185

List of contributing authors 187

PhD portfolio 189

Dankwoord 193

Curriculum vitae 197





 General introduction and 
outline of the thesis





General introduction and outline of the thesis

9

GEnERAl InTRODuCTIOn 

In order to achieve a microscopically radical resection and thus better survival, surgical 

treatment of hepatic tumors has become more aggressive in the last decade resulting in 

an increased rate of complex and extended liver resections. Postoperative outcomes mainly 

depend on the size and quality of the remnant liver. When volume and quality of the liver 

remnant are insufficient, the patient has a high risk of developing liver failure postoperatively.1 

Liver failure remains the most feared complication after major liver surgery as the conse-

quences are potentially lethal and treatment consists of supportive therapy only.1 

In the absence of effective therapeutic options, the key issue is to prevent postoperative liver 

failure in which preoperative assessment of the future remnant liver (FRL) is crucial. The current 

gold standard is computed tomography (CT) volumetry.2-4 However, apart from the volume of 

FRL, the functional capacity of the FRL is directly related to the quality of liver parenchyma. The 

latter is mainly dictated by underlying diseases such as cirrhosis or (chemotherapy induced) 

steatosis which are often inaccurately defined until microscopical examination of the resection 

specimen.5, 6 In other words, sufficient FRL volume does not necessarily reflect sufficient FRL 

function.7-9 The discrepancy in preoperative estimation of FRL volume and the occurrence of 

postoperative liver failure has led to the development of a spectrum of functional tests claim-

ing to be able to estimate or measure liver function and in this way, improve postoperative 

outcomes. Starting with the conventional laboratory blood tests, clinical classification systems 

like the Model for End-Stage Liver Disease (MELD) and Child-Pugh-Turcotte (CPT score) have 

been developed.10-12 More reliable are the quantitative liver function tests such as the indo-

cyanine green (ICG) clearance test13-15, hepatobiliary scintigraphy (HBS) using 99mTc-labeled 

mebrofenin with7, 16 or 99mTc-labeled diethylenetriaminepentaacetic acid galactosyl human 

serum albumin (GSA) scintigraphy17-20 and the LiMax breath test.21

It is important to realize in this context, that the definition of liver function is still a point 

of discussion. Liver function consists of at least four components: hepatic uptake, synthesis, 

biotransformation and hepatic excretion.22, 23 None of the available modalities enables mea-

surement of all the four components as a whole. Furthermore, the majority of the available 

tests measures products or by-products of the metabolic processes that take place in the 

liver instead of the processes themselves. An additional challenge in the assessment of liver 

function is the capacity to assess segmental liver function, e.g. function of the FRL, next to 

total liver function due to inhomogeneous distribution of pre-damaged liver parenchyma 

throughout the liver.24-26 

Both difficulties mentioned above have been overcome with the introduction of HBS with 

SPECT-CT. This quantitative liver function test directly measures the uptake function of the 

hepatocytes using a radioactive agent. Mebrofenin is an iminodiacetic (IDA) derivative that 

is taken up by the hepatocytes and excreted into the bile without undergoing biotransfor-

mation, using mainly the same transporters as bilirubin and ICG.27, 28 The uptake rate can be 
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measured using a gamma-camera.29 In combination with low-dose SPECT-CT performed at 

the same time, basic anatomical information is provided which enables segmental measure-

ment of mebrofenin uptake, thereby defining function of specifically the FRL.30-32   The uptake 

of mebrofenin is expressed as percent per minute per square meter (%/min/m2). A cut-off 

value of 2.7%/min/m2 is used to discriminate normal from decreased FRL uptake rate. This 

cut-off value can be used in both patients with normal livers and patients with compromised 

liver parenchyma. 

AIM OF THE THESIS 

Although measurement of total liver function using HBS, and especially function of the FRL, 

has shown to be safe and effective, reports of application of this technique in clinical practice 

are scarce. 

The aim of this thesis is to compare HBS with CT volumetry, the gold standard in assessing 

the FRL, as well as to provide recommendations on clinical implementation of HBS. Accurate 

assessment of FRL will improve preoperative selection of patients considered for major liver 

resection who will benefit from liver augmenting techniques such as portal vein embolization 

(PVE), two-stage resection or ALPPS (Associating Liver Partition and Portal vein Ligation for 

Staged hepatectomy). The ultimate goal is to minimize the risk of postoperative liver failure 

after major liver surgery and to improve patient safety. 

OuTlInE OF THE THESIS

As mentioned above, liver function is complex and difficult to define. In chapter 1, the defini-

tion of liver function is explained, further focussing on the different modalities for assessment 

of liver function that are currently available. A (historical) outline is offered of the different 

available tools in view of their limitations and advantages. An explanation is given of the 

mechanisms behind HBS. 

Volumetric methods for assessment of FRL are widely used in the preoperative setting and 

are the gold standard in most centres performing major liver surgery. In addition to traditional 

CT volumetry, modifications have been introduced that estimate the FRL volume on the basis 

of total liver volume derived from weight and length of the patient in order to compensate 

for the patient’s individual metabolic needs (standardized liver volumetry)33, while others 

extrapolate the knowledge from transplantation surgery using a minimum of ≥ 0.5 of the 

patient’s weight in order to estimate the needed FRL volume reliably (FRL/body-weight ratio, 

FRL-BWR).34  Chapter 2 describes the discrepancies between the estimated and measured 

FRL volume and total liver volume using standardized liver volumetry and traditional CT volu-
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metry, respectively. In chapter 3 further comparison is made between the above mentioned 

volumetric methods and functional assessment of FRL using HBS. Significant differences were 

found between the methods, especially in the identification of high-risk patients who might 

benefit from additional preoperative liver augmenting procedures, such as preoperative 

PVE. This chapter also shows the results in terms of postoperative liver failure and liver failure 

related mortality in a series of patients who underwent liver resection after the implementa-

tion of HBS in the preoperative work-up as compared with a historical cohort that underwent 

preoperative screening using CT volumetry only.  

Preoperative PVE is one of the techniques that can be used to induce hypertrophy of the FRL 

and in this way prevent postoperative liver failure. Although widely accepted, little is known of 

the long-term effects of this procedure in patients who eventually do not undergo resection 

of the embolized liver lobe because of disease progression or other reasons for unresectability. 

Chapter 4 sought to provide a guideline in this field. Using HBS, a novel method of patient 

selection prior to PVE is presented in which the response to PVE is predicted based on the FRL 

function before the embolization procedure. Chapter 5 describes a series of patients who 

became unresectable after PVE in whom complications were seen in the persisting embolized 

lobe during follow-up. This chapter emphasizes the need of a well-considered evaluation of 

each patient before performing PVE. 

HBS has the ability to measure the excretory function of the hepatocytes as well. This can 

be of value in the preoperative assessment of jaundiced patients due to an obstructive tumor, 

frequently patients with a perihilar cholangiocarcinoma. Hepatic uptake is decreased in a 

cholestatic situation and surgery in jaundiced patients is associated with negative surgical 

outcomes, underscoring the need for adequate preoperative biliary drainage in these patients. 

Chapter 6 is a retrospective study describing a novel method of tracing cholestatic patients 

using HBS. HBS can be used for monitoring of the recovery of FRL function after biliary drain-

age as the function of hepatocytes is temporarily impaired and does not reach its original level 

directly after successful drainage. This may even lead in some cases, to additional procedures 

in order to achieve sufficient FRL function.  

Except for few animal studies and the knowledge provided by studies performed in the 

setting of liver transplantation, the aging process of the human liver is largely unknown. 

Chapter 7 illustrates the course of total liver function in patients with either relatively normal 

liver parenchyma or compromised liver parenchyma. A significant decrease in liver function 

was found with increasing age. In the light of more personalized patient care, this information 

could be of value.  

ALPPS is a novel surgical technique that is primarily used in patients with bilobar tumors 

who can not undergo a major hepatectomy because of insufficient volume or function. It is 

a two-stage procedure encompassing portal vein ligation and in situ split of the liver paren-

chyma during the first phase and completion of the resection by removal of the deportalized 

liver after an interval of 1-2 weeks in the second phase. It induces an accelerated hypertrophy 
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of the FRL.35 This technique can be used in patients who are not suitable for PVE or who did not 

show sufficient hypertrophy response following PVE. This procedure however is associated 

with a higher rate of complications and mortality than in conventional major liver resec-

tions. Chapter 8 illustrates how HBS can provide important information on the hypertrophy 

response of the FRL after the first stage of ALPPS, enabling timing of the second stage. Ac-

curate interstage monitoring of function instead of volume possibly reduces the incidence of 

postoperative liver failure in this patient population.   

Chapter 9 focusses on the possible implementation of HBS during treatment with selective 

internal radiation therapy (SIRT) which is used in the treatment of patients with advanced 

hepatocellular carcinoma or metastatic liver cancer.36-38 A minority of these patients develop 

radioembolization-induced liver disease (REILD)39 when performed in both hemi-livers at 

the same time. In this chapter a novel strategy is presented in which this problem can be 

overcome by performing SIRT in two sequential sessions, one hemi-liver at the time, while HBS 

is used for monitoring of liver function in-between the sessions guaranteeing sufficient liver 

function throughout treatment. 
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