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ABSTRACT 

Resection of part of the liver is nowadays performed for malignant and benign liver 
tumours. Before the 1980’s this type of surgery was still associated with a high 
morbidity and operative mortality. With better knowledge of the segmental anat-
omy, it was shown that parenchyma-sparing segmental resections were equally 
effective as classic lobar resections. Also, anaesthetic care and liver transection 
techniques were improved over time. Current data show mortality rates less than 
5% in high volume centres. The 5-year survival rates have increased from 20% in 
the beginning to as high as 67% in selected patients.  

The development of the laparoscopic approach resulted in longer operation 
time in some studies. Comparing the laparoscopic technique with open liver resec-
tions, it proved to be superior with regard to blood loss, portal clamp time, overall 
and liver specific complications, length of stay. No difference was found for on-
cologic outcomes between the laparoscopic and open surgical techniques. Fur-
thermore, multimodal enhanced recovery programmes proved to be beneficial in 
liver surgery with significant reduction of length of hospital stay. 

The perioperative outcome after liver resection has improved over time, due to 
increased knowledge of liver anatomy and function, improvement of operating 
techniques and advances in perioperative care.  

In this chapter, the improvements of liver surgery are described in historical 
perspective.  
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1.1 INTRODUCTION 

Hepatic resection is a commonly performed procedure for a variety of malignant 
and benign hepatic tumours.1,2 Historically, liver resection, irrespective of the indi-
cation, was associated with a high morbidity and mortality.2-4 During the last dec-
ades however, perioperative outcome after hepatic resection has improved, due to 
increased knowledge of liver anatomy and function, improvement of operating 
techniques and advances in anaesthesia and post-operative care.1,3,4 

Hepatic resectional surgery is possible since the liver has the ability to regener-
ate. Although it is doubtful whether the ancient Greeks already appreciated this 
unique quality of the liver, it was first described in the myth of Prometheus 
(Προμηθεύς): He enraged the Gods for his disrespect (ὕβρις) after climbing the 
Olympus Mountain and stealing the torch in order to give fire to the humans. He 
was punished by Zeus, and chained to a rock in the Kaukasus Mountains. Every 
couple of days, an eagle came and ate part of his liver. As the liver regenerated 
every time, the eagle returned again and again to eat the liver and thereby torture 
poor Prometheus (Figure 1). With this ancient knowledge it was considered possi-
ble to take parts of the liver, as this organ has enough capacity to work with a 
smaller part and can regenerate.  

Apart from the eagle, no human dared to remove a part of the liver. In the An-
cient period of the Assyrian and Babylonian cultures of 2000 - 3000 BC the liver 
played an important role to predict the future by reading the surface of sacrificed 
animals.5 This was also common in the Etruscan society, where the haruspices pre-
dicted the future from sheep livers. Hippocrates (460-377 BD), one of the founding 
fathers of ancient medicine, produced not only an oath with ethical rules, which is 
still used in modern times for all doctors. His careful observations also led to the 
recommendation to incise and drain abscesses of the liver with a knife.5 Celsus 
documented the treatment of exposed liver in war wounds. Although he was not a 
physician, he described his observations in the first century AD from the Alexan-
drian school led by Herophilus of Chalcedon and Erisastratus of Chios.5 In the same 
era, the Greek Galen became one of the emperors physicians in Rome and wrote 
reports about the dissection of many species of animals, including primates. He 
described the central role of the liver in absorption and digestion and his work 
remained of great importance for the coming centuries.5 In the centuries thereafter 
many reports were produced describing the treatment of war or trauma wounds.  

Glisson performed extensive investigations of the vascular anatomy in 1654.6 It 
took more than two centuries before his work was rediscovered and further clari-
fied by Rex (1888) in Germany and Cantlie (1897) in England.5,7 These contributions 
led to the division of the liver in a left and right lobe.5  
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Figure 1. Prometheus chained (243 x 210 cm), Peter Paul Rubens, ca. 1611-1618, Philadelphia, Philadel-
phia Museum of Art 

History of liver surgery  

It still took 17 centuries before Hildanus successfully performed the first partial 
liver resection for trauma.8 The introduction of ether anaesthesia (1846) and the 
growing knowledge of antisepsis (1867) made successful elective abdominal opera-
tions possible (table 1).5 Langenbuch was the first to perform a successful elective 
liver resection in 1887 and Wendel did the first hemihepatectomy in 1911.8 The 
principles of liver haemostasis and regeneration were determined in the period 
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1880-1900.8 The knowledge of the principle of inflow and outflow of the liver and 
vascular control was one of the major advancements. Before that, wedge resec-
tions and mattress sutures were mostly used. This insight of inflow and outflow 
reduction was marked by the publication of J. Hogart Pringle of Glasgow, Scotland.9 
He described the idea of digital control of the hilar ligament to reduce liver haem-
orrhage. In his famous report (1908) on liver haemorrhage after trauma, eight pa-
tients were included: three died before the operation, one refused the operation 
and all four operated patients died: two died during the operation, two shortly 
thereafter.5,9 However, his idea of digital vascular control of the hilum was more 
successful in the laboratory setting, where he operated three rabbits with better 
results, which led to his publication. Now, more than a century later, the ‘Pringle 
manoeuvre’ or ‘Pringle’s pinch’ is still used worldwide in hepatic resectional sur-
gery and taught all young surgeons to control haemorrhage of the liver.  
 
Table 1. Advances in the beginning of surgery5  

1846 Introduction of Ether anaesthesia  
1863 Bacterial fermentation of wine Pasteur 
1867 Antisepsis Lister 
1870 First successful excision of section of the liver Bruns 
1880 Discovery of Streptococci, staphylococci and pneumococci Pasteur 
1881 First successful gastrectomy Billroth 
1882 First successful cholecystectomy Langenbuch 
1883 First human colon anastomosis Billroth and Senn 
1884 Pancreas excised for cancer Billroth 
1886 Report on appendicitis Fitz 
 Introduction of sterilisation by steam Von Bergmann 
 First elective liver resection for adenoma Lius 
1887 First successful elective liver resection Langenbuch 
1887 Successful packing of stabwound of liver Burckhardt 
1888 First successful laparotomy for traumatic liver injury Willet 

 
Liver surgery became gradually more popular as a better understanding of anat-
omic segments was established after the work of Couinaud.10 The classic morpho-
logical (outside) anatomy with two main lobes (left and right) was extended by the 
internal hepatic anatomy with several independent functional segments (figure 2). 
Each hepatic segment consists of liver parenchyma with an efferent hepatic vein 
branch and a portal triad; a hepatic artery branch, an afferent portal vein, and an 
efferent bile duct. The classic right lobe consists of four segments, the left lobe 
consists of three segments and the caudate lobe is segment 1.  
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Figure 2. The anatomy of the liver with separate segments following Cou-
inaud’s classification. In this drawing only major venous vessels are dis-
played (portal vein, caval vein and hepatic veins). 

 
With knowledge of the segmental anatomy of the liver, a safe transection plane 
could be chosen for resection without excessive blood loss and without necrosis of 
remnant liver. This specific anatomy of independent functional segments made it 
possible to resect parts of the liver without compromising the hepatic function of 
remnant segments. Moreover, as already described by the myth of Prometheus, 
the liver has regeneration capacity in contrast to other human organs. In other 
words after partial resections, the liver can recover its mass and function. The term 
‘ function of the liver’ is actually a collective term for a range of functions including 
amongst others ammonia detoxification and urea synthesis, bile synthesis and 
secretion, protein synthesis, gluconeogenesis and clearance or detoxification of 
drugs, bacterial toxins and bacteria.11 As the liver is the main detoxifying organ in 
humans, adaptation of its function is crucial to survive. Regeneration however, 
takes time. After liver surgery with a reduction of the hepatic cell mass, a ‘survival 
programme’ may start for vital liver functions.12 Some of these functions are in-
creased rapidly in the remnant liver after resection.13 In the light of major hepatic 
resections, it is conceivable that too little functional liver remnant may lead to liver 
failure, a lethal complication of liver surgery.  
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1.2 LIVER SURGERY 

Hepatobiliary surgery incorporates a wide range of indications for surgical treat-
ment of the liver, varying from biopsy and resection to liver transplantation. The 
most important indications for surgical treatment are liver lesions: these comprise 
a wide range of both benign and malignant lesions, which can be either primary 
tumours (hepatocellular carcinoma) or secondary tumours (i.e. metastases). Also, 
some infectious diseases of the liver (such as echinococcosis) may be an indication 
for surgery. Irreversible liver dysfunction caused by acute or chronic liver diseases, 
may be an indication for transplantation of the liver. Other benign diseases of the 
liver such as symptomatic simple cysts and Polycystic Liver Disease (PCLD) may also 
warrant surgical treatment. Other reasons for surgery of the liver may be after 
severe injury or trauma of the liver. The latter indications and transplantation are 
beyond the scope of this chapter. Since hepatic lesions form the main surgical indi-
cation for hepatic diseases, we will focus on the resectional type of liver surgery.  

History of liver surgery for malignant lesions 

The report of the first anatomical right hepatectomy for cancer by Lortat-Jacob in 
1952 marked a new era in liver surgery.14 In the beginning, however, blood loss and 
mortality were considerable. A multicentre analysis in 1977 of more than 600 he-
patic resections for various indications showed an operative mortality of 13%, 
which rose to 20% for major resections.15 Despite this, pioneers in liver surgery 
continued the quest for improving this challenging field of expertise and gradually 
mortality decreased to 5.6%.16 The 5 year survival rates have increased from 20% in 
the beginning16,17 to as high as 67% in selected patients.18 Earlier developments in 
liver surgery have been marked by major contributions of Starzl (USA), Bismuth 
(France) and Ton That Tung (Vietnam).19-22 With better knowledge of the segmental 
anatomy, it was shown that parenchyma-sparing segmental resections were equal-
ly effective as classic lobar resections, and in this way more functional remnant 
liver was preserved.3,23,24 Also, anaesthetic care and liver transection techniques 
were modernized and improved over time.1,3,4,25,26 For instance, low central venous 
pressure during major hepatic resections reduced perioperative blood loss and had 
considerable impact on perioperative outcome.27  
 
Over the last decades, it was shown in several large series that perioperative re-
sults became more encouraging, with operative mortality rates less than 5% in high 
volume centres.3,24,28 Due to these improvements in liver surgery which not only 
proved to prolong life but also to be a potentially curative treatment option for 
primary and metastatic cancers,29,30 liver surgery became standard of care for se-
lected patients with primary and secondary hepatobiliary malignancies. Moreover, 
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with the increasing improvements in the safety of hepatic resections, this evolved 
to the most effective treatment for some benign diseases.31 

It is hard to pinpoint one discriminating factor that made the improvements in 
outcome possible.3 Many factors contribute to the gradually improved outcome. 
Most important factors in this regard are probably the better knowledge of hepatic 
anatomy and thus anatomically based resections, better patient selection, general 
improvements in operative and anaesthetic care and the development of hepato-
biliary surgery as a distinct area of specialisation.3  

1.3 MALIGNANT LESIONS 

The liver has an important function as a detoxifying organ and due to the anatomi-
cal position in the abdomen; most gastrointestinal organs drain their venous blood 
to the liver. This makes the liver a frequent location of metastases from a variety of 
intra-abdominal and sometimes even extra-peritoneal primary cancers. Also, pri-
mary cancers can arise in the liver. Of these the hepatocellular carcinoma is the 
most common malignancy. With a normal functioning liver, resection is the treat-
ment of choice for most of these malignant lesions.  

Metastases of colorectal origin are the most frequent malignant lesions in the 
liver. With nearly one million new cases diagnosed each year and around half a 
million deaths annually, colorectal cancer is one of the most common causes of 
cancer related death worldwide.32 Over half of the patients with colorectal cancer 
will develop liver metastases.33 Moreover, up to 25% of these patients present with 
liver metastases at the same time of the primary diagnosis.34 Colorectal liver me-
tastases may therefore be regarded as a major health problem.33  

The only chance of long-term survival in patients with liver metastases is pro-
vided by the resection of these liver metastases, with 5-year survival rates around 
30-40%.35 Until recently, however, few patients with malignant liver lesions were 
considered for partial hepatic resection. Due to the restricted resection criteria, 
only 10-20% of the patients with malignant lesions were selected. Palliative chemo-
therapy was offered for the remaining proportion of the patients, resulting in a 
median survival of 6-12months.8,36 Due to the increased safety of liver surgery, liver 
resection is currently also used for other metastases such as neuroendocrine tu-
mours,37 sarcoma’s,38 melanoma,39-41 gastric cancer42-44 and breast cancer.42,45,46 

The selection criteria for liver resections were initially fairly strict: unilobar dis-
tribution, less than four metastases, maximum tumour size of 5cm and tumour free 
margin of 1cm. These resection criteria have been evaluated over time and have 
gradually been abandoned, as these appeared to be not as important as previously 
assumed.47-49 Even in elderly patients and poor prognostic groups, complete tu-
mour resection results in a good long-term survival.50-52  
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In the treatment of malignant liver disease, many improvements have been devel-
oped in recent years: new surgical strategies for safer resection (including two 
stage hepatectomy and portal vein embolisation), more effective chemotherapy, 
and additional techniques such as local ablation therapies to increase possible 
curative treatment.53-58 The combination of these developments has led to an im-
portant progress and has resulted in more patients being considered suitable for 
liver resection to almost 30%.56 Better survival of patients with primary or metas-
tatic liver cancer has been reported in recent years and liver resection is currently 
the only potentially curative treatment option.  

1.4 BENIGN LIVER LESIONS 

In case of malignant hepatic disease, surgical resection is currently felt justified 
despite a morbidity and mortality, which may be as high as 42% and 6.5% respec-
tively.1,3,59-61 In case of benign hepatic disease, however, this decision remains more 
difficult. Due to the widespread use of imaging modalities such as ultrasonography, 
computed tomography (CT), and magnetic resonance imaging (MRI), benign he-
patic masses are increasingly being identified. However, not all benign hepatic 
tumours require resection. Careful diagnosis with contrast enhanced CT or MRI 
needs to be performed first. Benign lesions can grossly be divided in solid and non-
solid lesions (table 2). 

History of hepatic surgery for benign lesions 

The first case of surgical resection for a presumably benign liver tumour was de-
scribed in 1886 by Antonio Lius in Italy.62 Lius was the assistant of Theodore Escher 
who excised a pedunculated adenoma with the size of a child’s head (15.5 cm in 
greatest diameter) from the left liver lobe of 67-year-old women. An uncontrollable 
bleeding was encountered during the operation and the patient died several hours 
following surgery. The German surgeon Von Langenbuch was the first to perform a 
successful resection of a benign solid pedicled liver mass weighing 370 gram of the 
left liver in a 30-year-old woman who complained of abdominal discomfort in the 
years following her first child’s birth in 1887.63 Post-operatively, secondary hemor-
rhage occurred due to a bleeding hilar vessel. This was managed at re-exploration 
and the patient survived. The course of symptoms and events in the latter case 
suggests the tumour was most likely a hepatocellular adenoma. 
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Table 2. Most important benign liver lesions, divided in solid and non-solid lesions 

Solid lesions Symptoms  Treatment 

Hepatocellular adenoma Variable: from incidental finding to severe 
abdominal pain and shock in case of rupture 

<5cm watchful waiting, 
stop oral contraceptives 
>5cm resection to prevent 
rupture and malignant 
degeneration 

Focal Nodular Hyperplasia Mostly incidental finding Surgery rarely indicated 
Angiomyolipoma Mostly incidental finding Surgery rarely indicated 
Nodular regenerative 
hyperplasia 

Mostly asymptomatic, should be considered 
in patients with clinical signs of portal hyper-
tension without evidence of cirrhosis 

No proven treatment 

Non-solid lesions   

Simple hepatic cyst Variable: from incidental finding to abdomi-
nal pain 

Surgery indicated only in 
case of symptoms 

Biliary cystadenoma Variable: from incidental finding to abdomi-
nal pain 

Surgery may be indicated 
(malignant degeneration) 

Biliary hamartoma None Surgery not indicated 
Cavernous haemangioma Variable, depending on size Surgery rarely indicated 
Hydatid disease Variable: from incidental finding to severe 

abdominal pain and shock 
Surgery indicated to relieve 
symptoms and to prevent 
rupture 

 
 
It is nowadays well established that small benign lesions compatible with a diagno-
sis of haemangioma, focal nodular hyperplasia (FNH) or hepatocelular adenomas 
(HCAs) are no indication for liver resection. Hepatocellular adenomas are consid-
ered the most important, albeit uncommon, benign tumours of the liver that most-
ly occur in women. They are known for their increased risk of haemorrhage and 
malignant transformation into hepatocellular carcinomas (HCC) if size exceeds 5 
cm. Therefore, surgical resection of HCAs is recommended for larger lesions.66 
Focal nodular hyperplasia and haemangiomas have not been regarded as poten-
tially premalignant lesions. 
 
The first case report of malignant transformation of a HCA was published in 1981 
by Tesluk and Lawrie.64 The patient was a 34 year old female with a large HCA 
measuring 16 cm in diameter. She first presented with tumour haemorrhage after 
which her oral contraceptive use was discontinued and the tumour subsequently 
shrank to a stable 5 cm. Three years later a partial hepatectomy was performed 
when the tumour had reverted to its size at first presentation. Histological analysis 
revealed a well-differentiated HCC. The patient died of sepsis five weeks post-
operatively.  
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Foster and Berman were the first in 1994 to report an estimated risk of malig-
nant transformation, as they found a frequency of 13% in their series of 13 pa-
tients.65 More recently, a systematic review of the literature of the past 40 years 
containing more than 1600 HCAs worldwide has been performed to investigate the 
actual rate of malignant degeneration of these benign tumours.66 Nowadays sev-
eral other risk factors for malignant potential of HCAs apart from size have been 
identified.67-78 These are listed in table 3. 
 
Table 3. Risk factors for malignant transformation of hepatocellular adenomas 

Tumour size > 5 cm 

Presence of β-catenin activating mutation 

Presence of liver cell dysplasia within HCA 

Patients with glycogen storage disease 

History of androgen or anabolic steroid intake 

Male sex 

Obesity/overweight 

Surgical treatment of hepatocellular adenomas  

The identification of several risk factors for malignant potential of HCAs in recent 
years provides better indications for surgical treatment of these presumably benign 
tumours. Also, the Bordeaux adenoma tumour markers (table 4) have greatly con-
tributed to the subtype classification of HCAs and have given clearer insights into 
the pathological mechanism of malignant evolvement.73 More recently, MR imag-
ing techniques have been shown to be of value in identifying premalignant 
HCAs.79,80 These advances in risk factor stratification together with tumour subtyp-
ing prior to hepatic surgery might aid in selecting HCAs at high risk of malignant 
evolvement for surgical resection. Unfortunately, routine performance of biopsy of 
an HCA has not been implemented yet owing to the risk of sampling error, bleed-
ing, needle-track tumour seeding and the difficult interpretation of β-catenin stain-
ing. However, a change towards a more stringent selection process in the near 
future is inevitable and may imply a major reduction of the number of liver resec-
tions and thus morbidity and even mortality in a selected group of predominantly 
young patients. 
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Table 4. Types of HCAs and their immunohistochemical markers 

HCA type Frequency (%) Malignant transformation Markers 
β-catenin activated 10-15 Yes β-catenin+/GS+ 
HNF1α inactivated 30-50 Rarely LFABP- 
Inflammatory 35 No SAA+/CRP+ 
Unclassified 5-10 No None 

CRP, C-reactive protein; GS, glutamine synthetase; HCA, hepatocellular adenoma; HNF1a, hepatocyte 
nuclear factor 1a; LFABP, liver-fatty acid binding protein; SAA, serum amyloid A; +, positive; -, negative. 
Table adapted with permission from Stoot et al. 2010.66 

1.5 BENIGN CYSTIC LIVER LESIONS: HYDATID DISEASE 

Surgical treatment may also be indicated for infectious diseases of the liver such as 
benign lesions caused by the parasitic infection called Echinococcosis. Human echi-
nococcosis is a zoonosis caused by larval forms (metacestodes) of Echinococcus (E.) 
tapeworms found in the small intestine of carnivores. Two species are of clinical 
importance – E. granulosus and E. multilocularis – causing cystic echinococcosis 
(CE) and alveolar echinococcosis (AE) in humans, respectively.81 Echinococcosis is 
endemic worldwide in large sheep-raising areas including Africa, the Mediterra-
nean region of Europe, the Middle East, Asia, South America, Australia and New 
Zealand.82-89 Human cystic echinococcosis is one of the most neglected parasitic 
diseases in the world. In many endemic regions most infected patients suffer con-
siderably from this disease, usually because of the lack of treatment possibilities 
due to poor infrastructure and shortage of equipment and drugs.90,91 The incidence 
of hydatid disease in Western industrial nations is relatively low.86,87,92 Migration 
and travelling has led to an increase of the prevalence of this disease in Northern 
parts of Europe and North America.89,93 The diagnosis of hepatic echinococcosis can 
be made with a combination of patients’ symptoms, liver imaging findings and the 
detection of Echinococcis-specific antibodies and microscopic or molecu-
lar examination of cyst fluid. The most frequent site for cystic lesions is the liver 
(60% of patients), followed by the lungs in about 20% of patients.87,94 The remain-
ing lesions are found throughout the body.85,87,92,94,95  

The natural course of this infection can be extremely variable.87,94 The hepatic 
cysts can spontaneously collapse, calcify or even disappear. These patients can 
remain symptom-free for years. It is not uncommon that the cysts are detected 
when abdominal imaging is performed for a different reason. On the other hand, 
the cysts can also steadily grow about 1-3 cm in diameter per year.89,92 They do not 
tend to grow infiltratively or destructively, but pressure or mass effects of the cysts 
can displace healthy tissue and organs. Thus, most patients present with symptoms 
from mechanical effects on other organs or structures, which can lead to pain in 



General introduction 

 23 

the upper right quadrant, hepatomegaly and jaundice, depending on the location 
and nature of the cysts.84,89,92,94 Infection of the cysts can result in sepsis and/or the 
formation of liver abscesses. A feared complication is rupture of hepatic hydatid 
cysts into the peritoneal cavity. This can result in serious anaphylaxis, sepsis and/or 
peritoneal dissemination. The content of the ruptured cyst can disseminate into 
the biliary tract leading to cholangitis or cholestasis, but also to the pleurae or 
lungs leading to pleural hydatidosis or bronchial fistula, respectively.84,85,95  

History of hepatic surgery for hydatid disease 

Hydatid disease was already recognized by Hippocrates more than two millennia 
ago. This benign disease has been shown to act as a malignant disease as it has the 
tendency to disseminate to other organs and to cause a devastating disease some-
times even leading to death. The serious effects of this disease were known in the 
late 1880s, when Loretta performed the first left lateral liver resection for echino-
cocosis in Bologna.8 In the recent years many developments have improved the 
course of hydatid disease, better medical therapy, improved surgical procedures 
and the development of minimally invasive techniques.  

From a historical perspective, the main treatment option of hepatic hydatid 
disease was the open surgical approach with side packing and several radical or 
more conservative surgical techniques.89,92 This terminology in literature might be 
confusing. Conservative surgery means that tissue-sparing techniques are used; the 
hydatid cyst is evacuated and the pericyst is left in situ, while in radical procedures 
both the cyst and the pericyst are removed. The most common conservative tech-
niques include simple tube drainage, marsupialization, capitonnage, deroofing, 
partial cystectomy or open or closed total cystectomy with or without omento-
plasty. Conservative operations have good results regarding blood loss and length 
of hospital stay.96,97 In contrast, the cyst content and the entire pericystic mem-
brane are removed in radical procedures; a total pericystectomy or liver resection 
(hemihepatectomy or lobectomy) is performed.83,87,94,97 

Surgical interventions of hepatic hydatid cysts should completely remove the 
parasite. Also, prevention of intraoperative spilling of cyst content and saving 
healthy hepatic issue is of utmost importance.91,93,96 Spilling could not only lead to 
recurrence of hydatid disease, but before the introduction of the antihelmintic 
drugs, it could also lead to anaphylactic shock. Therefore, surgeons need to per-
form procedures with a focus on safe and complete exposure of the cyst, safe de-
compression of the cyst, safe evacuation of the cyst contents, sterilization of the 
cyst, treatment of biliary complications and management of the remaining cyst 
cavity. Especially in non-endemic areas where the number of operations is low, the 
technique needs to be safe and easily reproducible, with a low complication rate. In 
the former century, hydatid disease was operated with a high risk of morbidity and 
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recurrence, possibly due to the spilling of cyst content during the operation. In the 
1970s, Siadi developed a special cone, which was frozen to the cyst in order to 
reduce the risk of spilling cyst contents. This cone also simplified the disinfection of 
the cyst cavity (figure 3).98 Apart from the ‘frozen-seal method’, surgical treatment 
options may vary from conservative treatment (cystectomy) to radical treatment 
(complete open resection) to laparoscopic techniques. The debate on best surgical 
treatment is still ongoing: should this be conservative surgery or radical surgery in 
which the cyst is totally removed including the pericyst by total pericystectomy or 
partial hepatectomy or should it be the open or laparoscopic approach.96,97 

Especially in non-endemic areas where the number of operations is low, it is of 
importance to perform a safe, reproducible technique with a low complication rate. 
In the Harbour Hospital in Rotterdam the ‘frozen seal method’ as surgical treat-
ment for hydatid disease was used since 1981 (figure 3). 

Percutaneous treatments 

With the introduction of antihelmintic drugs, new possibilities for treatment arose. 
By using this medication, the risk of anaphylaxis became smaller and percutaneous 
treatments were developed. One of these treatments for hydatid disease is PAIR: 
Percutaneous Aspiration, Injection and Re-aspiration. In a recent meta-analysis of 
operative versus non-operative treatment (PAIR) of hepatic echinococcosis PAIR 
plus chemotherapy proved to be superior compared to surgery. The meta-analysis 
showed that PAIR was associated with improved efficacy, lower rates of morbidity, 
mortality, disease recurrence and also shorter hospital stay.86  
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Figure 3, the ‘frozen seal’ technique for open surgery of hepatic hydatid 
disease. A metal cone is frozen on the surface of the liver producing a water-
tight frozen seal (2), the cyst wall is incised and the contents can be removed 
through the cone without the risk of uncontrolled rupture or spilling (3), the 
membrane together with all daughter cysts are excised (4) and the residual 
space is flushed for 2 minutes with a freshly prepared 0.5% silver nitrate 
solution to kill any remaining scolices (5), then the cavity is closed (6) 

Reproduced with permission from Saidi98, Copyright Massachusetts Medical 
Society. 

 
In conclusion, the main treatment options for hepatic cystic echinococcosis are 
threefold: medical therapy, surgery and percutaneous drainage (Puncture Aspira-
tion Injection and Reaspiration, also known as PAIR) or a combination of these 
therapies.91,92 In the last revision of the WHO IWGE it was stated that surgery re-
mains the cornerstone of treatment of hydatid disease, since it has the potential to 
remove the hydatid cyst and lead to complete cure.95 However, it is advised to 
evaluate surgical treatment carefully against other less invasive options such as 
percutaneous interventions. 
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1.6 MINIMALLY INVASIVE SURGERY 

To minimize the damage of treatment, laparoscopic surgery was introduced to 
avoid large incisions for many gastrointestinal operations in the previous century. 
After the first laparoscopic cholecystectomy,99,100 the number of indications for this 
minimally invasive approach increased. The outcome has encouraged surgeons to 
develop a laparoscopic technique for many procedures including liver resections.101 
Although this type of surgery is technically more demanding and thereby time-
consuming102,103 it proved to be beneficial for patients, with less pain and better 
recovery, compared to open liver surgery.104-106  

The history of laparoscopic surgery 

The fundamentals of laparoscopic surgery were laid down in the early twentieth 
century when the German surgeon Kelling reported in 1902 on the endoscopic 
visualization of the peritoneal cavity in an anesthetized dog using a Nitze cysto-
scope (1887).107 Following the introduction of endoscopic inspection of the ab-
dominal contents in an animal model, fellow countryman Jacobeus started experi-
menting with laparoscopy in human cadavers as well as in living humans. In 1911 
he reported on 80 laparoscopic examinations of the abdominal cavity.108,109 In the 
years thereafter the laparoscopic approach was enhanced with the introduction of 
illumination techniques, advancement in lens systems, the use of more than a sin-
gle trocar and induction of pneumoperitoneum (Goetze and Veress). The era of 
therapeutic laparoscopy was then born, making it possible to minimize damage of 
treatment and avoid large incisions for many gastrointestinal operations. However, 
it was not until 1988 that the first experiences with laparoscopic cholecystectomy 
were published.106 
 
At first, liver surgery was thought to be unsuitable for laparoscopic techniques 
since it might impose the risk of gas embolisms and major blood loss during tran-
section of the liver. Also, sceptici pointed out the suspected risk of trocar site me-
tastases in skin incisions. Gradually, as some expert centres progressively reported 
feasibility and safety, it became more popular. 

This novel approach for liver resections was introduced during the Nineties of 
the past century. At first the procedure was only used for diagnostic laparoscopies 
and liver biopsies, later indications were extended to fenestration of liver cysts and 
anatomic liver resections. In 1992, Gagner et al. reported the first laparoscopic 
wedge resection of the liver. Only three years later, Cuesta and collegues were the 
first to perform two cases of limited laparoscopic liver surgery of segment II and IV 
in the Netherlands.110 The first laparoscopic left lateral bisegmentectomy of the 
liver was performed by the group of Azagra.111 Since then, several studies have 
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reported the feasibility and safety of laparoscopic resections for liver tumours in 
centres with extensive experience in both hepatobiliary surgery and laparoscopic 
surgery.101,102,112-115 

However, after its introduction, laparoscopic liver resection remained challeng-
ing because of the difficulties concerning safe mobilization and exposure of this 
fragile and heavy organ. Therefore, in the beginning only superficial and peripheral 
lesions in anterolateral segments were selected for the laparosopic approach. In 
recent times, centres with extensive experience in laparoscopy and hepatic surgery 
have also performed laparoscopic major hepatic resections with satisfactory out-
comes. Importantly, no evidence of a compromised oncological clearance in lapa-
roscopic liver resection has hitherto been found.105 

Advantages of laparoscopy 

The laparoscopic approach is said to have shifted the pain of the patient to the 
surgeon, as the latter had to obtain new operative skills and more demanding 
techniques. In fact laparoscopic surgery is a totally different concept of surgery. 
The conventional 3 dimensional field is inherently 2 dimensional, and the tactile 
feedback is impaired as compared to open surgery. Moreover, a full ambidexterity 
is required, as well as the skills to manipulate fragile structures with long instru-
ments under minimal tactile feedback. Also, the surgeon becomes even more de-
pendent on his team and instruments, as he will need experienced assistance for 
traction and camerawork and needs to trust the material even more compared to 
open surgery. For patients the most important presumed advantages of the laparo-
scopic procedure are reduced blood loss,104,105 less postoperative pain,103,112,116 
earlier functional recovery,112,115 shorter postoperative hospital stay103,105,106,112,115-

117 and improved cosmetic aspects.112,115 Reoperations are reported to be easier 
due to reduced adhesions.112,115-117 Also, open-close procedures with large incisions 
can be avoided when peritoneal metastases are detected at laparoscopy.  

However, up till now no randomised controlled trials comparing the open and 
laparoscopic liver resection technique have been reported. This may well be one of 
the reasons why many surgeons remained reluctant to incorporate this new lapa-
roscopic approach. The currently available evidence is primarily based on case-
series and identifies a technique that is reproducible with limited morbidity and 
mortality. In a consensus statement on laparoscopic liver resections, Buell J et al118 
concluded that resection of segments 2 and 3 by the laparoscopic approach should 
be the standard of care.  

However, implementation of new techniques mostly coincides with expanding 
costs, especially laparoscopic surgery, where expensive, disposable tools are re-
quired and more operation time is needed.119-121 Worldwide, both governmental 
organisations and health insurance companies have a major influence in cost regu-
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lation issues in health care. Hospital managements are increasingly strict concern-
ing Operation Room (OR) cost. In daily practice, surgeons are required to make 
business plans and need to negotiate with management before introducing new 
techniques. In contrast to many feasibility studies on laparoscopic liver surgery, the 
data concerning the cost analysis of this surgical approach is limited. Still these 
techniques are being implemented worldwide without cost-analysis studies.  

1.7 ENHANCED RECOVERY AFTER SURGERY (ERAS) OR FAST-TRACK 
LIVER SURGERY 

Another recent development in elective liver surgery is the introduction of en-
hanced recovery programmes after surgery (ERAS), also referred to as fast track 
perioperative care. These multimodal enhanced recovery programmes proved to 
be beneficial in open colonic and liver surgery.122,123 The multimodal recovery pro-
gramme is evidence based and combines several interventions in perioperative 
care to reduce the stress response and organ dysfunction with a focus on enhanc-
ing recovery.123,124 In patients undergoing colorectal surgery, the ERAS® programme 
enabled earlier recovery and consequently shorter length of hospital stay.123-126 
Also, reduction of postoperative morbidity in patients undergoing intestinal resec-
tion was reported.127-130 In other fields of elective surgery similar programmes have 
also shown a reduction in hospital stay of several days.131,132 

One of the pioneers of the fast track colonic surgery is the Danish surgeon Hen-
rik Kehlet. He treated 60 consecutive patients with colonic resection in a fast track 
surgery programme and reported a median postoperative hospital stay of 2 days. 
At that time, patients undergoing a colonic resection usually required 5-10 days 
postoperative hospital stay.133,134 Previously, he stressed the importance of a mul-
timodal approach in order to improve rehabilitation after surgery (figure 4).135 This 
rehabilitation programme after surgery combined a number of interventions to 
reduce stress of the surgical intervention, risk of organ dysfunction and loss of 
functional capacity. Stress induced organ dysfunction, pain, nausea and vomiting, 
ileus, hypoxemia and sleep disturbances, immobilisation and semistarvation had to 
be reduced.  
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- Minimal use of tubes
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Figure 4. Multimodal interventions may lead to a reduction in postoperative morbidity and improved 
recovery.135 Figure adapted with kind permission from Kehlet et al. 1997 

 
Factors were identified that contribute to postoperative functional deterioration. 
These were actually traditional postoperative care principles such as use of drains, 
nasogastric tubes, fasting regimes and bed rest. Kehlet initiated a multimodal pro-
gramme that abandoned the traditional care principles and introduced innovations 
such as carbohydrate loading before surgery, regional anaesthetic techniques, 
maintenance of normal temperature during surgery, minimally invasive or laparo-
scopic surgical techniques, optimal treatment of postoperative pain and prophy-
laxis of nausea and vomiting.125,136 This programme improved postoperative recov-
ery, physical performance and pulmonary function and reduced hospital length of 
stay.128  

In collaboration with Kehlet, the Enhanced Recovery After Surgery (ERAS) 
group was initiated to investigate the perioperative care in four other hospitals 
(Royal Infirmary, Edinburgh, UK, The Karolinska Institutet at Ersta Hospital, Stock-
holm, Sweden, the University Hospital of Nothern Norway, Tromso, Noway and 
Maastricht University Medical Centre).137 Thus, with Kehlet’s programme as a start-
ing point, a new evidence based programme was developed incorporating different 
aspects leading to faster recovery. Preoperative counselling, perioperative intrave-
nous fluid restriction, optimal pain relief preferably without the use of opioid anal-
gesia, early oral nutrition, enforced mobilisation, no nasogastric tubes and no 
drains are the key elements of this protocol (figure 5). Since the colonic programme 
showed improvements in recovery, the liver surgeons of the ERAS® group (Maas-
tricht, Edinburgh and Tromso) set up an ERAS-programme for every patient under-
going open liver resection122 (www.erassociety.org).  
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Figure 5. Important elements of the Enhanced Recovery After Surgery programme.124 Figure adapted 
with kind permission from Fearon et al. 2005 

 
So far, the ERAS programmes have shown promising results with respect to im-
proved recovery and outcome in open elective colorectal and liver surgery.122,123 
One of the first studies on ERAS for liver surgery showed that the majority of pa-
tients treated within this multimodal enhanced recovery programme tolerated fluid 
within four hours of surgery and a normal diet on day 1 after surgery. As an effect 
of the accelerated functional recovery, these patients were discharged two days 
earlier than the patients treated with traditional care without significant differ-
ences in readmission, morbidity and mortality rates.122  

These results were confirmed in a recent systematic review including seven 
studies on fast-track programmes for hepatopancreatic resections, incorporating 
more than 550 patients treated in fast track setting.138 This study showed that the 
primary hospital stay was reduced significantly after the introduction of a multimo-
dal perioperative care programme for open liver surgery.138 Moreover, there were 
no significant differences in rates of readmission, morbidity and mortality.  

For solid tumours in the liver, the open approach for resection is gradually re-
placed by the laparoscopic technique in many expert centres worldwide. However, 
the added value of a fast track ERAS programme in laparoscopic liver surgery spe-
cifically has hitherto not been elucidated.  
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1.8 FUTURE PERSPECTIVES 

As for the recent developments in the treatment of liver diseases, these can be 
mainly divided into surgical and non-surgical treatment modalities. Developments 
in surgical treatment can be divided in true surgical and perioperative care im-
provements. The focus will be on the surgical treatments in this chapter, but some 
thoughts will also be spent on the non-surgical treatment modalities, an interesting 
and expanding field of expertise.  

For malignant liver tumours, the majority of which are colorectal liver metasta-
ses, the main concern is the resectability when colorectal cancer is diagnosed. Co-
lorectal cancer is one of the most common causes of cancer related death world-
wide32 and more than half of patients with colorectal cancer will develop liver me-
tastases.33 Unfortunately, only 20% of the patients can be treated with surgical 
resection of these liver metastases.139 The remaining 80% of the patients present 
with lesions, which are not suitable for a safe resection. This can be caused by large 
diameters of the lesions, location of the lesion near vascular and biliary structures 
and extrahepatic disease. Also, the number of lesions can be the cause of non-
resectability: resection can only be carried out safely if 25-30% of functioning liver 
remains after resection.140 The non-surgical treatment by means of chemotherapy 
for the patients with unresected liver metastases has proven very successful in 
decreasing the size and number of liver lesions. It was shown that new chemother-
apy regimens could change the previously unresectable liver metastases into re-
sectable liver disease.141 With neo-adjuvant chemotherapy more patients with 
colorectal liver metastases can be offered a treatment with curative intent.141 It 
was concluded that neoadjuvant chemotherapy enables liver resection in some 
patients with initially unresectable colorectal metastases. Long-term survival 
proved to be similar to that reported for a priori surgical candidates.50 As for the 
future perspective of chemotherapy, neoadjuvant treatment will improve curability 
and long-term survival for selected patients.  

Other non-surgical therapies for malignant liver disease are external irradiation 
(whole liver irradiation),142,143 stereotactic liver irradiation144-147 and injectable small 
radioactive particles that irradiate the tumours within the liver (e.g. Yttrium-90(90Y) 
radio-embolisation,148,149 radioactive holmium microspheres150,151). These modali-
ties may have curative potential but future studies have to be awaited. Another 
attractive field of development are the thermal ablative therapies for unresectable 
liver metastases. These ablative thermal therapies can be used either percutane-
ously or in adjunct with surgery and have shown to decrease focal liver lesions.152-

155 Microwave ablation is a tumour destruction method to treat patients with unre-
sectable liver lesions.154 It can be used with a single insertion of the probe and it 
was shown to be a safe and effective method for treating unresectable hepatic 
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tumours, with a low rate of local recurrence.155 Overall survival is comparable to 
alternative ablation modalities.154  
 
As for surgical treatments, different treatment strategies have been developed to 
increase the number of patients suitable for surgery as described earlier. Current 
research has focussed on improving resectability in terms of the quantity of re-
sected liver tissue, but at the same time studies focussed on reducing perioperative 
distress in patients undergoing liver resections by multimodal perioperative treat-
ment protocols and minimally invasive surgery. Since the introduction of laparo-
scopic liver surgery in 1992, more liver resections have been performed with this 
minimally invasive approach for primary and secondary malignant liver le-
sions.114,156,157 For future perspectives, some gain might be expected from even less 
invasive modalities as the first reports on single incision laparoscopic resections 
have been presented.158-160 Also, a two-stage laparoscopic approach for malignant 
liver disease and the robotic approach for liver resections have been published.161-

163  

Improvements in preoperative planning 

An important way to improve the outcome in liver surgery is to prevent liver resec-
tion related complications. One of the main feared complications in liver surgery 
remains postresectional liver failure. This major complication may occur if the ex-
tent of tumour involvement requires major liver resection (3 or more segments), 
leaving a small postoperative remnant liver.3,164,165 Due to impaired liver function 
this may even result in mortality. Obviously, limiting the liver resection, in order to 
leave enough liver remnant volume for proper function of the liver, can prevent 
this. However, major hepatectomies are performed increasingly more often, mainly 
because indications for liver resection are continuously being extended. Former 
contraindications such as bilobar disease, number of metastases and even extra-
hepatic disease have been abandoned gradually and compromised liver function 
may be expected after aggressive induction chemotherapy. Consequently, postop-
erative remnant liver volume and function have become the main determinants of 
resectability.166-168 In order to improve outcome in extended resections and thus to 
prevent postoperative liver failure after liver resection, a reliable volumetric as-
sessment of the part of the liver to be resected as well as future residual liver vol-
ume should be a critical part of preoperative evaluation particularly. The safety of 
liver resection may increase if an estimate of minimal remnant liver volume is ob-
tained via CT-volumetry.164,169  

The utility of existing professional image-processing software is often limited 
by costs, lack of flexibility and specific hardware requirements such as coupling to a 
CT-scanner. In addition, the intended operation should be known to the investiga-
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tor to predict the remnant liver volume accurately and requires the expertise of a 
liver surgeon. Therefore, CT-volumetry has hitherto been a multidisciplinary modal-
ity requiring the efforts of dedicated surgeons and radiologists and expensive soft-
ware. Prospective CT-volumetric analysis of the liver on a Personal Computer per-
formed by the operating surgeon in patients undergoing major liver would greatly 
enhance this preoperative assessment. ImageJ is a free, open-source Java-based 
image processing software programme developed by the National Institute of 
Health (NIH) and may be used for this purpose.170 OsiriX® is Apple’s version for 
image analysis and has been tested for CT volumetry of the liver.171 It is also a 
freely available, user-friendly software system, which can be used for virtual liver 
resections and volumetric analysis.171  

As more major liver resections are performed, it is becoming more important 
to perform liver volumetry.  

Future studies 

As discussed previously in this chapter, the recent developments in liver surgery 
include the introduction of laparoscopic surgery and enhanced recovery pro-
grammes, which focus on improvement of postoperative recovery and/or shorter 
hospital length of stay. A significantly accelerated recovery after open liver resec-
tion was previously reported when patients were managed within a multimodal 
ERAS protocol. Median hospital length of stay was reduced from 8 to 6 days 
(25%).122 Moreover, since there was a delay between recovery and discharge of the 
patients a further reduction of stay should be possible. Regarding the results of 
previous, non-randomised studies and case series, it seems that laparoscopic left 
lateral liver sectionectomy is associated with shorter hospital length of stay, less 
post-operative pain, better quality of life and a faster recovery.172 In most trials 
aiming at a reduction of hospital length of stay, surgery and/or perioperative man-
agement are not standardised. No randomised trials have hitherto been reported 
to study the added value of ERAS and/or laparoscopy for liver surgery. There is a 
need for a randomised controlled trial covering these aspects of improving the 
recovery and outcome of liver surgery.  
 
Especially for benign lesions the hepatic resectional therapy has to be questioned 
or at least alternative therapies have to be explored as the surgical treatment still 
carries a certain risk of morbidity and even mortality. Hepatocellular adenomas 
(HCAs) are rare benign tumours mostly occurring mainly in young women. For 
HCA’s larger than 5cm, resection is suggested mainly because of the risk of rupture 
and malignant transformation. Previous results showed that selective arterial em-
bolisation of haemorrhaging and non-haemorrhaging HCAs was effective as acute 
treatment to stop life-threatening hemorrhage but might also have its effect on the 
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size of the HCAs. This minimally invasive method for acute treatment and its possi-
ble effect of downsizing hepatic adenomas warrant future studies.  

1.9 OUTLINE OF THIS THESIS 

The scope of the current thesis was to investigate ways to reduce patient harm in 
the surgical treatment for benign liver disease. ‘Primum non nocere’ for liver sur-
gery by means of reducing surgical trauma by using: 
- novel techniques for life threatening haemorraging of liver lesions,  
- minimally invasive liver surgery,  
- improved perioperative care protocols.  

Part 2  

A challenge that may be encountered during differential diagnosis of a focal liver 
lesion is the distinction between metastatic disease and other focal lesions (Chap-
ter 2). As described previously, echinococcosis or hydatid disease of the liver re-
mains endemic in the world and is an imported disease in the Netherlands. In chap-
ter 3, treatment and outcome of patients treated surgically for hydatid disease in a 
single centre in the Netherlands is evaluated. Since a decrease in number of opera-
tions was noticed for this rare disease of the liver, a study was initiated to investi-
gate the true incidence of hepatic echinococcosis in a non-endemic area as the 
Netherlands. Since this disease carries no legal obligation to report, there are no 
reliable incidence and prevalence numbers available. Therefore, collaboration was 
established with the Dutch organisation that maintains the pathologic database 
(PALGA) in the Netherlands and also with the several institutes with distinct serol-
ogy databases (chapter 4). To investigate treatment options for this rare disease, a 
survey was conducted to explore the opinions of experts concerning treatment of 
echinococcosis (chapter 4). 

Part 3  

This part is built up of 4 chapters and deals with the management of hepatocellular 
adenomas. After the introduction, the presentation of a case with life threatening 
haemorrhage is described from diagnosis to treatment. This report is remarkable as 
it is the first case reported in literature of a liver rupture where selective arterial 
embolisation is performed successfully in a young female patient just after delivery 
(chapter 5). This publication notes the transition in selective operative treatment of 
liver rupture towards scarless treatment and marks the beginning of this thesis.173 
Chapter 6 deals with the debate whether routine resection of hepatocellular ade-
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nomas after haemorrhage and consequent selective arterial embolisation is use-
ful.174 Having shown no viable adenoma tissue in resected specimen after resec-
tion, the rationale for follow-up instead of resection of ruptured liver lesions is 
discussed. 

In chapter 7 selective arterial embolisation as emergency treatment for rup-
tured hepatocellular adenomas in patients with life threatening haemorrhage is 
evaluated.175 In Leiden University Medical Centre (LUMC), this was used as an initial 
therapy to stabilise hemodynamically unstable patients with haemorrhaging rup-
tured hepatocellular adenomas. Success and complications of this minimally inva-
sive tool are discussed and long-term effect on the size of the adenomas is dis-
played. This less invasive approach might reduce morbidity and mortality, as the 
acute resection accounts for mortality up to 10%.176,177 The effect of selective arte-
rial embolisation on the size and growth of these adenomas is also investigated.  

The risk of malignant transformation of hepatocellular adenomas (HCA) into 
hepatocellular carcinomas (HCC) is discussed in chapter 8. This has been reported 
repeatedly and is considered one of the main reasons for resection. However, its 
actual risk is currently unknown. The literature was systematically reviewed the 
literature to estimate the frequency of malignant transformation of HCA’s and to 
discuss its clinical implications.66  

Part 4 

Different aspects of the minimally invasive or laparoscopic approach for liver resec-
tions are evaluated in part 4. Before implementing any new technique, most impor-
tant aspects such as feasibility, safety and cost-effectiveness should be evaluated. 
In the era of expanding costs of healthcare, a single centre study was conducted to 
assess the feasibility, safety and cost analysis of introducing a laparoscopic liver 
surgery programme for left sided liver lesions (chapter 9). Notably, a study where 
both minimally invasive surgery and a fast track programme were investigated has 
hitherto not been reported. Therefore, in a multicentre pilot study, the added value 
of an Enhanced Recovery After Surgery (ERAS) programme for laparoscopic liver 
resections for solid tumours was evaluated (chapter 10).  

In chapter 11 the initial experience with laparoscopic liver resections in the 
Netherlands is reported. More specifically, the laparoscopic approach was com-
pared in a case-control study with the open approach of a fairly standardised hepa-
tectomy, in order to provide the second best level of evidence. Moreover, the aim 
was to identify independent factors determining length of hospital stay in laparo-
scopic liver surgery. Feasibility, safety and outcome of these procedures were also 
assessed. Lastly, the need for a randomised trial for the worldwide adoption of 
laparoscopic liver surgery was investigated by means of an international survey 
among the hepatic surgical community (chapter 12).  
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Part 5  

In this chapter the preoperative planning for major liver resections with the soft-
ware packages, ImageJ and Osirix® in chapter 13 was evaluated. These have not yet 
been validated for CT-volumetry of the liver resection specimen prospectively prior 
to surgery. Therefore, the objective of this study was to compare ImageJ and Osi-
riX® in performing prospective CT-volumetric analysis of the liver on a Personal 
Computer in patients undergoing major liver resection. In addition, the present 
research also aimed to compare the prospective measurements of ImageJ and 
Osirix® to CT-volumetry performed by a radiologist using classical radiological soft-
ware (iNtuition®) linked to a CT-scanner system. 

In chapter 14 an outline for a randomised trial is proposed in order to investi-
gate the proposed algorithm of the systematic review (chapter 8) in a more struc-
tured manner.  

Since there is no evidence of the added value of ERAS and laparoscopic liver 
surgery in a randomised controlled setting, a study was initiated to investigate the 
added value of laparoscopy compared to open liver surgery in left lateral liver sec-
tionectomy within an ERAS programme in terms of functional recovery, hospital 
length of stay and postoperative morbidity (chapter 15). 
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INTRODUCTION 

Echinococcosis or hydatid disease of the liver is caused by a zoonotic infection from 
predominantly the larval forms of the tapeworm Echinococcus granulosus.1 Echino-
coccosis occurs in endemic large, sheep-raising areas.2-7 In Western industrial na-
tions, the incidence of hydatid disease is relatively low.5,8,9 As immigration and 
travelling became more common, the prevalence of the disease increased in Eu-
rope and North America.3,8,10 In the Netherlands it is almost always an imported 
disease.  

The tapeworm is found in the small intestines of dogs, the definitive hosts. The 
tapeworm eggs are passed in the faeces and thereby contaminate herbage and are 
consequently ingested by intermediate hosts, including mainly sheep, but also yaks, 
goats and camels. Humans can be incidentally infected by ingestion of the parasite 
eggs transmitted through consumption of contaminated unwashed vegetables and 
contact with infected animals. After hatching in the small intestine and penetrating 
the gut wall, the eggs reach the organs after passage through the portal vein. In 
these organs they develop into a hydatid cyst. The most frequent site for cystic 
lesions is the liver, followed by the lungs. In fact, infection can affect all tissues in 
the human body.4,6-9,11,12 

To investigate the presentation, treatment and outcome of surgically treated 
patients in the Netherlands, first a single centre study from the Harbour hospital, 
centre for Tropical diseases, was performed.  

Interestingly, an extremely rare case was noted in the south of the Nether-
lands, which strengthen the quest for answers for this rare, benign disease.  
After performing the study in Rotterdam, a decreasing number in operative proce-
dures for hydatid disease of the liver was observed. Therefore, it was decided to 
investigate whether the treatment shifted from open resection towards less inva-
sive procedures (PAIR), or was caused by better medication, or simply less infected 
patients? 
 
In this part the following questions were investigated:  
1. Is a technique invented in the seventies of the former century still effective and 

safe in non-endemic areas in the minimal invasive era? 
2. How is this rare disease treated and is there any treatment trend towards less 

invasive procedures? 
3. Is the incidence of hydatid disease of the liver in the Netherlands decreasing?  
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ABSTRACT 

In the northern part of Western Europe, Echinococcus multilocularis is primarily 
detected and spreading in foxes. The present case marks E. multilocularis as an 
emerging pathogen for humans, as it describes the first human case of probably 
locally acquired E. multilocularis in the Netherlands, with various interesting clinical 
aspects. 
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CASE REPORT 

A 55-year-old female presented at our hospital with cervical pain. She had a history 
of myxoid liposarcoma in the left upper leg (1993) and metastases in the spinal 
column (2001 and 2007). As new metastases in the cervical spinal column were 
suspected, diagnostic work-up was initiated. Fluorodeoxyglucose positron emission 
tomography (FDG-PET) was negative, but computed tomography (CT), simultane-
ously performed with FDG-PET, and magnetic resonance imaging (MRI) showed 
seven lesions in the liver, with a maximum size of 1.7 cm (Figure 1). These lesions 
were not present in an abdominal CT performed 6 months earlier. The patients’ 
laboratory results were as follows: alkaline phosphatase 89 U/l, gamma-glutamyl 
transferase 28 U/l, aspartate aminotransferase 19 U/l, alanine aminotransferase 23 
U/l, lactate dehydrogenase 346 U/l, bilirubin 10.1 micromol/l and white blood cells 
4.9x109/L with 62% neutrophils, 22% lymfocytes, 15% monocytes, 1% eosinophils 
and 0% basophils. 

Without pathological confirmation of these presumed metastases of her myx-
oid lipsarcoma, neo-adjuvant chemotherapy was started. As this was bilobar liver 
disease, radical surgery with curative intent was only possible when performing 
two separate operations in order to prevent liver failure. Therefore, after two che-
motherapy cycles, partial left hepatectomy and contra-lateral portal ligation was 
performed, to allow liver regeneration, leaving four lesions in situ in the right liver 
lobe. These were to be operated after the enlargement of the liver remnant. 
 

 
Figure 1. Computed tomogram of the liver post intravenously iodine
containing contrast, scanned in portovenous phase. In this transverse CT
image of the liver, two hypodens lesions are seen, suspect for metastases 
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Pathologic examination of the liver tissue revealed three circumscribed intact nod-
ules with central necrosis and a peripheral wall of histiocytes with focal giant cells. 
Central cysts and budding daughtercysts with a trilayered membrane wall were 
seen, suiting echinococcosis. No protoscolices, hooklets or calcareous corpuscles 
were noticed. Protoscolices, however, are often absent in E. multilocularis lesions.1 
Hence the findings were compatible with echinococcosis (Figure 2 and 3). There 
was no evidence of metastases of the liposarcoma. Subsequently, serum of this 
patient was sent to a Dutch reference centre and Echinococcus granulosus serology 
came back weakly positive (IgG 1:80 (in-house enzyme-linked immunosorbent 
assay, cut-of 1:40), immunoblot IgG1 positive, IgG4 negative (in-house im-
munoblot).2 The result of the specific Echinococcus multilocularis ELISA (Em2plus) 
was negative.  

To finally confirm the diagnosis, isolated DNA from unpreserved liver material 
was sent to the Centre for Infectious Disease Control (Bilthoven, Netherlands). DNA 
from our patients’ lesions was compared with DNA isolated from E. multilocularis 
samples from infected foxes originating from Limburg province (The Netherlands); 
this was the province where the patient lived. A polymerase chain reaction (PCR) 
amplifying DNA sequences of two mitochondrial targets was used: cytochrome c 
oxidase subunit 1 (COX 1) and NADH dehydrogenase (nad1) to identify E. multilocu-
laris and to distinguish the organism from Echinococcus granulosus and other tae-
niid tapeworms.3,4 The DNA sequences were compared to DNA sequences from the 
same target from other E. multilocularis and E. granulosus strains in Genbank. DNA 
sequencing of the PCR amplicons of the nad1 (520bp) and cox1 (420bp) genes 
showed a 99-100% similarity with the European E. multilocularis strains, including 
four E. multilocularis fox strains, and only a 86-93% similarity with E. granulosus. 
After this diagnosis, our patient started with albendazole 400 mg twice daily. Sub-
sequent abdominal CT-scans, 4 and 7 months post-resection, revealed no progres-
sion of the lesions nor a change in aspect. Informed consent was obtained and this 
report was approved by the human investigations committee of the Maastricht 
University Medical Centre. 
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Figure 2. Histopathology of liver lesion (100x, H&E stain). Captured foreign
material (arrows) suspect for Echinococcus sp.  

Figure 3. Histopathology of liver lesion (400x, H&E stain). Separated mem-
branes in a cyst wall with peripheral necrosis.  

DISCUSSION 

Four lessons can be learned from this case presentation. Firstly, E. multilocularis 
lesions can be rapidly progressive: multiple lesions with a maximum size of 1.7 cm 
developed within a period of 6 months in our patient. The incubation period after 
ingestion is estimated to be between 5 to 15 years.1 Liver cysts grow up to 1 cm in 
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the first six months and 2-3 cm per year thereafter, but in our patient one lesion 
was already 1.7 cm in less than 6 months time.5 When left untreated, the mortality 
rate is almost 100% within 15 years after diagnosis.1 Recently, a very progressive 
Echinococcus multilocularis infection has been described in a renal transplant pa-
tient who was severely immunocompromised.6 Our patient however did not use 
immunosuppressive drugs in the period before presentation. 

Secondly, E. multilocularis lesions can be misinterpreted for metastatic lesions, 
as E. multilocularis lesions usually present on CT with irregular borders and various 
densities, although variation exist.7 Calcifications are present in 82% and are hy-
perdense, while necrotic areas are hypodense.8 “Hot spots” are often seen with 
FDG-PET, although lesions can be metabolically inactive as well, as in our case.7-9 
The FDG-PET-negative, multiple circumscript hypodense lesions in the liver seen at 
regular CT in our patient were not classical for E. multilocularis and did resemble 
liver metastases;10 the initial presumptive diagnosis therefore seemed much more 
likely. 

Thirdly, E. multilocularis lesions can develop in patients without reported be-
havior associated with the ingestion of E. multilocularis eggs.11 Our patients life-
time travel history revealed three short holidays to endemic areas (Switzerland, 
Italy and Austria in 2006 and 2007)12, but she had never lived in an endemic area. 
She was not extensively exposed to forest environment, did not hunt, did not con-
sume forest fruits, had no contact with (domestic) animals, did not work in her 
garden and bought her fruits and vegetables in regular supermarkets.  

Lastly, serological results do not necessarily correspond with disease. E. multi-
locularis is known to cross-react with E. granulosus in serological assays1 and E. 
granulosus assays are therefore used in the E. multilocularis work-up. Serology 
results in our patient were weakly positive, illustrating that imaging is essential to 
exclude E. multilocularis infection. We do not have an explanation for the weak 
serology results; it might be due to a difference in the E. multilocularis strain in our 
patient. There is no serological evidence of widespread human contact with E. 
multilocularis in the Netherlands yet,13 but these results should be interpreted with 
caution. Although E. multilocularis is prevalent in foxes in the southern part of the 
Netherlands, no human E. multilocularis case acquired in the Netherlands has been 
described so far. Recently three E. multilocularis cases have been described in a 
part of Belgium, which borders the southern part of the Netherlands, where our 
patient resides.14 Sequencing results could not define the exact geographical loca-
tion of acquisition of the E. multilocularis strain in our patient but the Netherlands 
belongs to the possibilities. Although due to the long incubation period (5–15 
years), the time and place of infection is hard to determine retrospectively, consid-
ering the duration of exposure in this patient, domestically-acquired E. multilocu-
laris seems most likely. 
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This patient represents the first reported case of Echinococcus multilocularis ac-
quired in the Netherlands. Surveillance data originating from foxes in the southern 
part of the Netherlands have shown that E. multilocularis spreads by 2.7 km per 
year in a northern direction and based on the spreading of E. multilocularis in foxes 
in this area in the Netherlands14 the human risk in Limburg province is estimated to 
be three human cases by 2018.15 We therefore believe that E. multilocularis is an 
emerging pathogen in Western Europe and clinicians should consider this diagnosis 
when confronted with (asymptomatic) liver lesions. 
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ABSTRACT 

Background: Hydatid disease of the liver remains endemic in the world and is an 
imported disease in the Netherlands. The aim of this study was to evaluate treat-
ment and outcome of surgically treated patients for hydatid disease in a single 
centre in the Netherlands.  
Methods: This retrospective study included 112 consecutive patients surgically 
treated for hydatid disease between 1981 and 2007. Primary outcome was relapse 
of disease. Secondary outcomes were infections, complications, reoperations, 
length of hospital stay and mortality.  
Results: In all cases, echinococcosis was diagnosed by computed tomography or 
ultrasound (US). Serology (ELISA, IMF) confirmed the diagnosis in 92.9%. Most of 
the cysts were seen only in the liver (73.5%). All cysts were operated on with the 
frozen seal technique. Relapse of disease was seen in 9 (8.0%) cases. Five (4.5%) 
required surgical treatment at a later stage. Twenty (17.9%) complications were 
recorded. Four (3.6%) needed radiological drainage and three (2.7%) a re-
operation. Follow up was performed with US and/or serology at a mean of 24 
months (range 0.5-300 months). All but one complications were seen in the liver- 
operated group, this proved not to be of statistical significance (p=0.477). Patients 
with complications stayed significantly longer in hospital than did the patients 
without complications (p<0.001). No mortality was observed in this study. 
Conclusion: The present study suggests that the frozen seal method of surgery for 
hydatid disease is safe and effective. Future studies are needed to prove its posi-
tion in the treatment of hydatid disease as new developments show promising 
results.  
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INTRODUCTION 

Hydatid cyst disease, or human cystic echinococcosis, is a zoonotic infection mainly 
caused by the larval forms of the tapeworm Echinococcus granulosus.1-8 Echinococ-
cosis occurs worldwide in endemic large sheep-raising areas including Africa, the 
Mediterranean region of Europe, the Middle East, Asia, South America, Australia 
and New Zealand.2,3,5-10 The incidence of hydatid disease in Western industrial na-
tions is relatively low.6,8,10-11 However, the prevalence of the disease has increased 
in Europe and North America due to immigration and travelling.5,12 In the Nether-
lands it is almost always an imported disease.13,14 The most frequent site for cystic 
lesions is the liver (60% of cases), followed by the lungs (about 20% of cases). In 
fact, infection can affect all tissues in the human body.1,3,6-8,10,11,15 

There are three treatment options for hepatic cystic echinococcosis: chemo-
therapy, surgery and percutaneous drainage (puncture, aspiration, injection, 
reaspiration-also known as PAIR) or a combination of these therapies.6-8 Although 
PAIR has been investigated by several groups, there is still no consensus about the 
best treatment. Surgery may vary from conservative (cystectomy) to radical (com-
plete open resection) to laparoscopic techniques. The debate on the best surgical 
approach is still ongoing, whether it is conservative surgery or radical surgery in 
which the cyst is totally removed including the pericyst by total pericystectomy or 
partial hepatectomy.16 

In an area where hydatid disease is non-endemic and therefore not a routine 
treatment, it is of major importance to perform a safe, reproducible technique with 
a low complication rate. The frozen seal method as surgical treatment for hydatid 
disease, described by Saidi and Nazarian during 1970’s, has been used in the Har-
bour Hospital since 1981.17 

The aim of this study was to investigate the results of the frozen seal method 
as treatment of echinococcosis in a specialized centre in the Netherlands over the 
past 25 years.  

METHODS 

This study included all consecutive surgically treated patients in the Harbour Hospi-
tal in Rotterdam, the Netherlands, between 1981 and 2007. All medical records 
were reviewed concerning the following parameters: age, sex, country of origin, 
presentation of symptoms, location and type of cysts diagnosed by radiologic imag-
ing, treatment, hospital stay and outcomes. Radiologic workup included conven-
tional radiology, ultrasonography (US) and computed tomography (CT). Laboratory 
tests and serology were performed to confirm the diagnosis. Enzyme-linked immu-
nosorbent assay (ELISA), Immunoelectroforesis (IE), and in most cases the comple-
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ment binding reaction (CBR) were used as serologic testing for diagnosis and fol-
low-up.  

Primary outcome was relapse of disease. Secondary outcomes were infections, 
complications, spilling of hydatid cyst content, reoperations, length of stay and 
mortality.  

An echinococcal cyst was diagnosed if any two of the features were present: 1) 
typical sonographic and CT appearance demonstrating multilocular cystic lesion 
with daughter cysts, calcification of the cysts walls, or both; 2) positive indirect 
hemagglutination test or ELISA for echinococcal infection; and 3) histology demon-
strating a parasite-derived laminated membrane with or without viable scoli-
ces.4,11,18 Indications for surgery were the presence of pain, jaundice, fever, dysp-
nea or cardiac decompensation. The World Health Organisation (WHO) indications 
for surgery were respected in all cases: large liver cysts with multiple daughter 
cysts, infected cysts and cysts communicating with the biliary tree. Moreover, sur-
gery was considered indicated in the presence of cysts in the lung, heart, and other 
organs.11,15 

Prior to the operation in some cases [n = 28, 25.0%] albendazole (400mg twice 
a day) was administered and continued 3 months after surgery. Before 1988, me-
bendazole was used in selected cases [n = 19, 17.0%]. From 1990, albendazole was 
given depending on the patient’s clinical situation (severe pain, fever, other clinical 
signs of echinococcosis infection). From 1995, the regimen was standardized, and 
almost all patients received preoperative drug treatment (14/15 patients). One 
patient received Eskazole (albendazole). 

Surgical technique 

In this study, the frozen seal technique was used for open surgery in all cases. For 
hydatid cysts in the lung or myocardium, the thorax was opened via median ster-
notomy incision. For liver cysts, the abdomen was exposed through a bilateral sub-
costal incision, abdominal viscera were examined for potential sites of dissemina-
tion, and the liver was mobilized. Using this technique, a 7 cm long metal cone with 
a large (8cm diameter) upper and 4 cm lower aperture was used. It has a fine tub-
ing soldered to the rim of the lower opening. A refrigerant is circulated via the inlet 
of the tubing. In this setting, Freon was used in all cases as refrigerant. The ring- 
shaped tubing of the cone was frozen onto the cyst on the surface of the liver (or 
lung), producing a watertight frozen seal. The contents of the cysts could then be 
evacuated through the cone without risk of uncontrolled rupture or spilling.13,17,19 
Normally the fluid is crystal clear. If the fluid was turbid, a communication with bile 
ducts or secondary infection was suspected, and material for bacteriologic exami-
nation was obtained (and, consequently, antibiotic treatment was started).  
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Then the membrane was excised completely and the residual space was meticu-
lously inspected for biliary communication. If there was any suspicion on biliary 
communication, fistulas were closed with absorbable sutures. If no communication 
was present, the residual cavity was flushed for 2 min with a freshly prepared 0.5% 
silver nitrate solution to kill any remaining scolices. The use of this scolicidal agent 
was based on the evidence provided by Saidi and Nazarian.17,20 Silver nitrate 0.5% 
solution proved to be a suitable alternative for formalin in a mouse model with 
standardized intraperitoneal inoculation techniques. It effectively sterilized scolices 
within 2 min and, more importantly, completely non-toxic for other tissues. Clinical 
application of silver nitrate 0,5% led to effective treatment without any local or 
systemic effect of the silver nitrate washout in more than 55 surgically treated 
patients with liver and lung hydatid cysts.20  

After the use of silver nitrate solution, crypts or recesses were carefully 
checked for residual cyst material. If present, this was removed and a second 
treatment with silver nitrate solution was administered.  

Again, the residual cavity was meticulously inspected for biliary communica-
tion. Any visible fistulas were sutured with absorbable sutures. If the residual space 
communicated with bile ducts or bronchus, any contact between the silver nitrate 
solution and these structures was avoided either by compression of the liver or by 
increasing the end- expiratory pressure of lung ventilation. No residual space 
should be present after this procedure as it probably enhances the possibility of 
infection. Therefore, the cavity was filled with hypertonic saline and closed with 
non-absorbable sutures or, in selected cases , obliteration with greater omentum 
was performed.  

If appropriate, cavities were drained with 18 F vacuum tubes, and an additional 
subhepatic drain was placed in selected cases to control any possible biliary leak-
age. Drains were removed on the fifth to seventh postoperative day. Patients who 
required prolonged drainage were considered to have biliary fistulas. For patients 
with symptoms of an obstructed or communicating common bile duct (CBD), intra-
operative cholangiography and choledochotomy with T-tube drainage was per-
formed. In selected cases, endoscopic retrograde cholangiopancreatography (ERCP) 
was performed to drain the CBD.  

Follow-up 

Complications were defined as "every unwanted development in the illness of the 
patient or in the treatment of the patient's illness that occurs in the clinic".21 Com-
plications were classified according to the recent grading system of Dindo et al 
(table 1).22 Spilling was considered as an error in technique, that could lead to a 
complication (infection) or relapse of disease. 
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Table 1. Classification of Surgical Complications 

Gradea Definition 

Grade I Any deviation from the normal postoperative course without the need for pharmacological 
treatment or surgical, endoscopic, and radiological interventions 
Allowed therapeutic regimens are: drugs as antiemetics, antipyretics, analgetics, diuretics, 
electrolytes, and physiotherapy. This grade also includes wound infections opened at the 
bedside 

Grade II  Requiring pharmacological treatment with drugs other than such allowed for grade I com-
plications 
Blood transfusions and total parenteral nutrition are also included 

Grade III  Requiring surgical, endoscopic or radiological intervention 

Grade IIIa  Intervention not under general anesthesia 

Grade IIIb  Intervention under general anesthesia 

Grade IV  Life-threatening complication (including CNS complications)b requiring IC/ICU management 

Grade IVa  Single organ dysfunction (including dialysis) 

Grade IVb  Multiorgan dysfunction 

Grade V  Death of a patient 

From Dindo et al.22 

CNS central nervous system, IC intermediate care, ICU intensive care unit 
a The suffix “d” (for “disability”) is added to the respective grade of complication if the patient suffers 
from a complication at the time of discharge. It indicates the need for a follow-up to evaluate the com-
plication fully 
b Brain haemorrhage, ischemic stroke, subarachnoidal bleeding, but excluding transient ischemic at-
tacks. 

 
After discharge all patients were followed periodically at the first, third, sixth and 
twelfth postoperative months during the first year and at least once a year thereaf-
ter. Seamen were unable to be followed long term. The follow-up procedure in-
cluded physical examination, serologic tests, US of the abdomen, and CT scanning 
in particular cases. Relapse or recurrence of disease was defined as appearance of 
new extrahepatic disease resulting from procedure- related spilling or reappear-
ance of live cysts at the site of a previously treated cyst.7,23 

Statistical analysis 

Categoric variables were presented as numbers (percentages) and continuous vari-
ables by the median and range. Complications were analyzed using Fisher’s exact 
test. Hospital stay was analyzed using the Mann-Whitney U- test. The analyses did 
not account for missing data. A value of P < 0.05 was considered to be statistically 
significant. Data were analyzed using SPSS® version 13.0 for Windows® (SPSS, Chi-
cago, IL, USA). 
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RESULTS 

The study describes a total of 112 consecutive patients who underwent surgery for 
hydatid disease during the years 1981 - 2007 at the Harbour Hospital in Rotterdam, 
The Netherlands. All but five patients were from abroad, either immigrants or sea-
men. Demographic data are presented in Table 2. At clinical presentation, the 
complaints consisted mainly of abdominal pain [n = 87 (77.7%)], abdominal mass [n 
= 43 (38.4%)], fever [n = 20 (17.9%)], and urticaria [n = 11 (9.8%)] or a combination 
of these symptoms. Also, acute abdominal complaints due to rupture [n = 3 (2.7%)], 
cardiac decompensation [n = 2 (1.8%)], anaphylaxis [n = 1 (0.9%)] and jaundice [n = 
8 (7.1%)] were seen at presentation. In all cases, echinococcosis was diagnosed by 
US and CT scanning. Serology [ELISA, immunofluorescence (IMF)] confirmed the 
diagnosis in 92.9% of the cases. Liver function tests were abnormal only when the 
hepatic ducts were involved.  
 
Table 2. Demografic data of patients treated for hydatid disease in the Harbour Hospital: 1981 – 2007  

Age (median, range) 38 [7 - 70] years 
Sex (M : F) 52 : 60 
No. of patients, by country of origin  
 Armenia 1 
 India 1 
 Italy 2 
 Iraq 1 
 Lebanon  1 
 Libya 1 
 Morocco 37 
 Netherlands 5 
 Spain 3 
 Sudan 1 
 Turkey 52 
 Uruguay 1 
 Unknown 4 
 Yugoslavia 2 
Total 112 

 
Most of the cysts were seen only in the liver, although other, more rare locations 
were found including the myocardium and the adductores muscles in the right leg. 
The locations are given in Table 3 together with the number of complications per 
organ. Surgery was performed in all cases [n=112] with the frozen seal method, and 
more than 196 cysts were operated in the liver, lungs and abdomen. Primary and 
secondary outcomes were scored in the clinic and after discharge during a median 
follow-up of 24 months (0.5 – 300 month) (Table 4). Twelve patients (10.7%) were 
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lost to follow-up. Relapse of disease was observed in nine patients (8.0%) during a 
median follow-up period of 33 months(10-300 months). In this group with recur-
rence (n=9), 6 patients were initially treated before and after surgery with medica-
tion (mebendazole n= 2, abendazole n=4, no medication n=3). Regarding further 
treatment four patients (3.6%) needed five reoperations (4.5%) in a later stage. The 
remaining five patients were treated successfully with albendazole (400mg twice a 
day).  

Grade I complications (n=2) consisted of two wound infections. The moderate 
complications (grade II, n=10) were two biliary fistulas, two pneumonias, two uri-
nary tract infections, and four infections of the remnant cavity. More severe com-
plications (grade III) with interventions consisted of fascia dehiscence, pleural effu-
sion, and cavity infections and/or abscesses that required radiological drainage 
(n=4) or relaparotomy (n=3). One grade IV complication, acute respiratory distress 
syndrome (ARDS), occurred after percutaneous treatment of a hydatid cyst in the 
liver in segment 8 due to perforation and rupture to the lung. No complications or 
abnormal liver function tests were noted related to the use of silver nitrate 0.5% 
solution. No mortality was observed in this study. 
 
Table 3. Number, location and largest diameter of hydatid cysts of patients surgically treated in the 
Harbour Hospital: 1981 – 2007. In some records the diameter and/or the numbers of cysts were not 
reported, but were regarded as multiple. These are not reported in this table*.  

Organ Number of cysts Complications (number of patients) 
Liver* (no. of patients) 144 (73.5%) 19 (95.0%) 
 Grade I (n=2)   
 Grade II (n=10)   
 Grade IIIa (n=3)   
 Grade IIIb (n=3)   
 Grade IV (n=1)   
Lung* 26 (13.3%)  
Myocardium* (grade IIIa) (n=1 patient) 5 (2.6%) 1 (5.0%) 
Spleen 4 (2.0%)  
Bladder 3 (1.5%)  
Other:    
 m.psoas 6 (3.1%)  
 m.adductores 1 (0.5%)  
 Mesocolon 2 (1.0%)   
 Retroperitoneum 2 (1.0%)  
 Skin 3 (1.5%)  
Total 196 20 
Diameter (cm), mean and range 8.6 (2-28)  
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Table 4. Primary and secondary outcomes of all 112 consecutive patients surgically treated for hydatid 
disease in the Harbour Hospital: 1981 – 2007.  

Primary outcome   
Relapse of disease 9 (8.0%)  
Intervention (re-operation) 5 (4.5%)  
   
Secondary outcome   
Complications   
Grade I 2 (1.8%)  
Grade II 10 (8.9%)  
Grade IIIa 4 (3.6%)  
Grade IIIb 3 (2.7%)  
Grade IV(d) 1 (0.9%)  
Grade V (death) 0  
Re-operation  3 (2.7%)  
Length of hospital stay (mean, range) 14 (2 – 156) days  

Results are the number and percent of patients unless otherwise indicated 

 
All but one of the complications were observed in the liver-operated group, which 
proved not to be of statistical significance (P=0.477). Even after dividing the hydatid 
locations in only two groups -- liver (19/99 patients, or 19.2% complication rate) 
and other organs (1/13, or 7.7% complication rate) -- no significant difference was 
found (P=0.457). Also, no significant difference was seen when the grading of com-
plications was analyzed (P=0.881). However, if a complication occurred, these pa-
tients stayed significantly longer in hospital than the patients without complica-
tions (P<0.001). The median stay was 20.5 days [10-156 days] in the group with 
complications (n=20) versus 12 days [2-52 days] in those without complications 
(n=87).  

Of the 112 consecutive patients, 3 were treated with percutaneous technique 
prior to surgical treatment. This was decided in a multidisciplinary meeting prior to 
the intervention and it was considered suitable for treatment. The first patient 
needed a thoracoabdominal exploration because biliary pleuritis persisted after 
PAIR and required surgical treatment. Another patient was treated by PAIR for a 
hydatid cyst in the liver and was operated on with the frozen seal technique for the 
spleen without complication. The third patient was the previously described pa-
tient with ARDS (Grade IVd complication).  

Spilling of cyst content was reported in four cases, without complications or re-
currence in these patients during follow-up of 22.5 months (range 5-39 months). 
Two ERCPs were performed prior to the liver operation. An ERCP was done in the 
first patient to analyse the cause of the abnormal liver function tests. This patient 
was admitted in 1981 to the Department of Internal Medicine. After CT scanning he 
was referred to the Department of Surgery to be treated surgically. The second 
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ERCP was performed 2 years later in a patient to analyze the cause of the persistant 
high bilirubin levels in the serum. The sonography showed an enlarged biliary tree 
and a cystic process in the right liver lobe. A parasitic infection was suspected at 
first, but serology was negative for echinococcosis. ERCP showed a stone in the 
common bile duct (CBD). Four days later, cholecystectomy with CBD exploration 
was planned. However, the “stone” seen on the ERCP proved to be a large daugh-
ter cyst and was removed. The large hydatid cyst in the liver was also treated, and 
T-tube drainage was performed. Postoperative medical treatment with mebenda-
zole was started, and the patient was discharged in good condition 1 month later. 

DISCUSSION 

The present study showed that the use of a previously described frozen seal tech-
nique is safe and effective for the surgical treatment of hydatid disease in a non-
endemic area. No mortality was seen in more than 25 years of surgically treated 
echinococcosis and the recurrence rate and morbidity were low. In fact, the results 
can be compared favourably to the recent meta-analysis where the clinical out-
comes of 769 patients with hepatic echinococcosis treated with the PAIR technique 
were compared with 952 era-matched historical controls undergoing surgical inter-
vention.8 In this meta-analysis of 14 studies on surgical treatment in endemic areas, 
minor and major complication rates of 33.0% and 25.1% , respectively, were re-
ported . The mortality rate was 0.7% (n=7) among the surgically treated patients. In 
a more recent single-centre study on this matter with 171 patients, a mortality rate 
of 1 % was reported for 10 years of open surgical treatment.7 For this group of 
open surgery, the investigators observed a morbidity rate of 28% and recurrence 
rates of 16.2%.  

A drawback of the present study may be the retrospective setting, which could 
account for a bias for the comparison with reports in literature. However, most of 
the studies in the field of surgical treatment of hydatid disease are of the same 
retrospective design.2,7,24-31 

There are different opinions concerning the optimal treatment for patients 
with hepatic echinococcal disease. The goal of treatment of hydatid disease is to 
eliminate the parasite completely and thereby prevent (or treat) complications 
including secondary infection, rupture of the cyst, anaphylactic reaction, pressure 
on adjacent structures and penetration into the biliary tract. It is also important to 
prevent recurrent disease, as it is known that there is a considerable rate of recur-
rence, possibly caused by intra-operative spilling.5,7,11,32 

In theory, there are three treatment options for hepatic cystic echinococcosis: 
chemotherapy, surgery and percutaneous drainage or a combination of these ther-
apies.7,8 However, the use of chemotherapeutic agents alone, such as mebendazole 
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or albendazole, is controversial because of their limited efficacy. These antiparisitic 
drugs are often administered as adjuvant therapy during surgery or percutaneous 
treatment. In selected cases, they can be the primary approach when surgery is not 
feasible or is unsafe.8,10,32  

Percutaneous drainage is another method for treating hepatic hydatid disease. 
The PAIR technique consists of several sequential steps: After percutaneous aspira-
tion of the hydatid cyst under US or CT guidance, a protoscolicidal agent (20% so-
dium chloride solution or 95% ethanol) is injected into the cyst cavity; the final step 
is reaspiration of the cyst contents. The advantage of PAIR is that it is less inva-
sive.5,32 In the case of uncomplicated hepatic hydatid cysts, percutaneous drainage, 
in combination with albendazole therapy, is an effective, safe alternative to surgery 
and requires a shorter hospital stay.2,3,7,10,31,33,34 In this study, only three patients 
were treated with PAIR, with two complicated procedures, and these patients 
needed surgery thereafter.  

The third method for managing cystic echinococcosis of the liver is surgery. The 
surgical approach remains the cornerstone of the treatment for hydatid dis-
ease.1,3,7,10,15,31,32,35 Some suggest that a combination of surgery and antiparasitic 
agents is the preferred treatment as it is associated with low morbidity, mortality 
and recurrences rates.10,36 Surgery of liver hydatid cysts is intended to remove the 
parasite completely by a procedure that includes safe, complete exposure of the 
cyst, safe decompression of the cyst, safe evacuation of the cyst contents, steriliza-
tion of the cyst, treatment of biliary complications, and management of the re-
maining cyst cavity. Surgeons must also try to prevent intraoperative spilling and to 
save healthy issue.1,5,6,11,36  

The WHO has published a list of indications for surgical treatment: large liver 
cysts with multiple daughter cysts; single superficially situated liver cysts that may 
rupture spontaneously or as the result of a trauma; infected cysts; cysts communi-
cating with the biliary tree and/or exerting pressure on adjacent vital organs and 
cysts in the lung, brain, kidney, bones and other organs.11,15  

Important complications following surgery for hydatid liver echinococcosis are 
recurrences with a reported incidence of 1.1% to 25.0%, which may be caused by 
spilling the cyst’s contents during the previous operations.4,25,26,29,31,32,37 In the pre-
sent study only four cases of intra-operative spilling were reported (3.6%), without 
any recurrence in almost 2 years of median follow-up. 

Surgical interventions can be divided into conservative, radical and laparo-
scopic procedures. Conservative, tissue-sparing techniques consist of evacuating 
the cyst and leaving the pericyst in situ, whereas radical procedures remove both 
the cyst and the pericyst. The most common conservative techniques include sim-
ple tube drainage, marsupialization, capitonnage, deroofing, partial cystectomy, 
and open or closed total cystectomy with or without omentoplasty. Conservative 
operations have good results regarding blood loss and length of hospital stay.36 
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Radical approaches consist of total pericystectomy or liver resection (hemihepatec-
tomy or lobectomy) in which the cyst content and the entire pericystic membrane 
are removed.1,2,4-6,11 Radical resection means extensive dissection, leading to a 
large wound area with possibly increased risk of bleeding or bile leaks.2,33,36 This 
technique has also advantages for the treatment of hydatid disease. It is suggested 
to be a safe, highly effective technique with lower mortality, morbidity and recur-
rence rates than for conservative surgery.5,7,35 This can be partially explained by the 
fact that, compared to endocystectomy, excision of the cyst and pericyst minimizes 
the risk that daughter cysts persist in situ.10,36 

 Recurrences are also often related to spillage of the cyst content.7,33 There-
fore, Saidi and Nazarian17 developed a method to prevent spillage of the cyst con-
tent .They devised a cone which simplifies the disinfection of the cyst cavity as used 
in this study.11,13,17,19 This procedure starts with mobilization of the liver so the cone 
can be centred on the apex of the cyst. After opening the cyst through the cone, 
the parasite is sucked off entirely, followed by disinfection of the remaining cav-
ity.11,13,17,19  

The laparoscopic approach has a growing role in the treatment of hepatic hy-
datid cysts.2,7,32,38 Current data suggest that this minimally invasive surgical tech-
nique is feasible, safe and effective.1,2,7,39-44 Unfortunately, randomized controlled 
trials are still lacking, which results in continuing debate about the optimal opera-
tion technique for hydatid disease.2,4,11,16,36 It is of major importance to select the 
appropriate therapy carefully, remembering the benign nature of this cystic dis-
ease.32 Careful patient selection is based on size, number and location of the cysts, 
the patient’s characteristics , and the experience of the clinician.4,10 

Conclusions 

The frozen seal method of surgery from the past century is still safe and effective in 
the new millennium. This is especially useful in centres in nonendemic areas to 
facilitate working with a reproducible technique and, more importantly, to obtain 
high efficacy and low morbidity rates. Future studies are needed to prove its posi-
tion in the treatment of hydatid disease as new developments show promising 
results. 
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ABSTRACT 

Background: The aim of this study was to investigate (1) the incidence of hepatic 
echinococcosis in a non-endemic country and to explore the opinions of experts 
concerning (2) diagnosis and (3) treatment of echinococcosis.  
Methods: Data were extracted in three ways. The national database of pathology 
(PALGA), containing all individual pathology reports, was investigated and com-
pared with results from serological testing from 1997 till 2008. In addition, a ques-
tionnaire concerning incidence, diagnosis, therapy and follow-up, was sent to gas-
trointestinal surgeons in 20 Dutch hepato-pancreato-biliary centres.  
Results: A decrease was observed in the number of resected specimens (PALGA) 
from 2003 onwards. The incidence of echinococcosis based on serology decreased 
from 2002 onwards to 33 patients per year. 17/20 hospitals responded to the ques-
tionnaire. 7/20 centres stated they had treated hydatid disease of the liver. The 
diagnosis was in most cases based on clinical criteria, computed tomography and 
serology. The primary treatment strategy varied considerably between hospitals.  
Conclusion: The incidence of hepatic hydatid disease in the Netherlands is decreas-
ing in the past decade. Since this remains a rare disease in non-endemic areas and 
the primary treatment strategy differs between specialised centres, a ‘step-up’ 
treatment protocol might help improve uniformity in treatment strategies. 
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INTRODUCTION 

Human cystic echinococcosisis is one of the most neglected parasitic diseases in the 
world. In many endemic regions, infected patients suffer considerably from this 
disease, usually because of the lack of treatment possibilities due to poor infra-
structure and shortage of drugs and equipment.1,2 This parasitic infection, also 
named hydatid disease, is caused by the larval forms of the dog tapeworm Echino-
coccus granulosus.3-5 Worldwide, echinococcosis remains endemic in large sheep-
raising areas. These areas include the Mediterranean and Eastern parts of Europe, 
Africa, the Middle East, Asia, South America, Australia and New Zealand. The inci-
dence in Western countries is relatively low.3,6-8 However, immigration and travel-
ling has led to an increase of the prevalence of this disease in Northern parts of 
Europe and North America.9,10 Echinococcosis in native Dutch inhabitants occurs 
rarely since the introduction of extensive screening of livestock after slaughter. 
Most of the patients identified with echinococcosis are immigrants from countries 
in the Mediterranean area, where the disease is endemic, especially in Turkey and 
Morocco.11 From 1987-1991, each year 29 to 44 new patients were diagnosed in 
the Netherlands with echinococcosis based on serology.11 The diagnosis of hepatic 
echinococcosis can be made with a combination of clinical history, liver imaging 
and serology and parasitological examination of cyst fluid. For the serodiagnosis of 
echinococcosis infection ‘enzyme-linked immunosorbent assay’ (ELISA) and ‘indi-
rect hemagglutination assay’ (IHA) can be used as a screening tool, while immuno-
electrophoresis or immunoblotting confirm the diagnosis echinococcosis.5,11 Mi-
croscopy of the cyst fluid or pathologic examination of the cyst content provide 
additional confirmation of the diagnosis.  

Treatment of hepatic cystic echinococcosis can be either by medical therapy, 
by surgery or by percutaneous drainage (Puncture Aspiration Injection and Reaspi-
ration, also known as PAIR) or if necessary a combination of these therapies.3,7 
Until now, there is no consensus about the best treatment. The international WHO 
IWGE guideline states that surgery is the cornerstone of treatment and percutane-
ous techniques may constitute an alternative. However, in the era of minimal inva-
sive techniques the question is whether clinicians still follow this guideline. Looking 
at the surgical approach to hepatic hydatid disease the clinician can choose be-
tween liver sparing or ‘conservative’ treatment (cystectomy), radical treatment 
(complete open resection) and minimally invasive or laparoscopic techniques. 
There is still discussion about the best surgical method; whether this is liver sparing 
or radical surgery, in which the cyst is totally removed including the pericyst by 
total pericystectomy or partial hepatectomy.12 In areas where hydatid disease is 
non-endemic and consequently surgical treatment is no routine procedure, it is 
important to perform safe and reproducible operations with a low complication 
rate. The frozen seal method as a surgical treatment for hydatid disease was re-



Chapter 4 

 74 

cently reported to be still safe and effective.13 However, these authors13 observed a 
gradual decrease in number of surgical hepatic operations. The question arose 
whether this was due to the change in treatment to less invasive techniques or to a 
general decrease in incidence of echinococcosis. As in many countries in the world, 
human cases of echinococcosis is not a notifiable disease in the Netherlands. Con-
sequently, there are no reliable numbers about the incidence and prevalence.11 The 
aim of this study was to investigate the incidence of hepatic echinococcosis in the 
context of the total echinococcosis incidence in a non-endemic country in Europe 
and also, to obtain information on diagnosis and current treatments in the surgical 
community. 

METHODS 

Data on the incidence of hepatic echinococcosis in the Netherlands were extracted 
in three ways. First, the national database of pathology (PALGA), the nationwide 
network and registry of histo- and cytopathology in the Netherlands, was investi-
gated from 1997 to 2008. This database incorporates all individual reports of biop-
sies and resected specimens in the Netherlands and is a complete resource for all 
pathology specimens in the Netherlands since 1991.14 Patient information from this 
database was provided anonymously. However, data on sex, date of birth and date 
of specimen retrieval (pathology report) were given after approval of the medical 
ethics committee.  

In addition to this, serology data of patients in the Netherlands were examined 
by consulting the database of The National Institute for Public Health and the Envi-
ronment (RIVM), together with the databases of Leiden University Medical Centre 
(LUMC) and the Academic Medical Centre Amsterdam (AMC) in the study period. A 
serologic ELISA test was used to screen all retrieved cases.15 After a positive result 
of the IgG ELISA for echinococcosis infection, confirmation tests were done. In the 
earlier days of the time frame studied, Immuno Electrophoresis (IEP) or Comple-
ment Binding Reactions (CBR) were used, whereas more recently IgG1 and IgG4 
immunoblot (RIVM) or IgG1, IgG4 and IgE ELISA (LUMC) were used as confirmation 
tests. Polymerase Chain Reaction (PCR) was performed when cyst content was 
available.16 All patients that had tested positive for serology, were included in this 
study. Moreover, the yearly numbers of immigrants were obtained from the Cen-
tral Bureau for Statistics (CBS) in the Netherlands (www.statline.cbs.nl).  

Finally, a questionnaire was sent to gastrointestinal surgeons in 20 hepato-
pancreato-biliary (HPB) centres in hospitals in the Netherlands to get an overview 
of their opinions on hepatic echinococcosis. The questionnaire included mostly 
multiple-choice questions about the incidence, diagnosis, therapy and follow-up of 
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liver echinococcosis (appendix 1). The questionnaires were sent by email and re-
minders were sent afterwards by email or personal contact. 

Statistics 

Continuous variables are presented as mean +/- SD or median and range, when 
appropriate. Categorical variables are presented as absolute amount (percentages). 
Spearman’s correlation coefficients were calculated between immigrants and 
number of patients diagnosed with hydatid disease based on laboratory testing. A 
p-value <0.05 was considered statistically significant. 

RESULTS 

Incidence of hepatic echinococcosis based on pathology database  

Histologic examinations were performed in a mean of 8 (2-14) newly diagnosed 
patients per year. The data were divided into three groups; liver resection speci-
mens, puncture or biopsy specimens and specimens from other organs/sites. A 
decrease was seen in the number of resected liver specimens from 2003 onwards 
(figure 1). Since the PALGA data were provided anonymously, no in depth investi-
gation for overlap of newly diagnosed patients between the PALGA and serology 
database could be made.  
 

 
Figure 1. Trends in incidence of echinococcosis in the Netherlands, based on nationwide serology labo-
ratory data and histopathology data. 
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Incidence of echinococcosis based on serology databases  

All patients in the Netherlands suspected of hydatid disease were investigated by 
serology testing. A total of 7314 sera from 5125 patients were investigated for 
antibodies from 1997 to 2008. Between 550 to approximately 600 new tests were 
performed every year. In the study period, 485 patients tested positive on the 
screening test (IgG ELISA). In 445 of these 485 patients, the confirmation tests were 
also positive (92%).  

Between 1997 and 2001 the mean incidence was 51 (36-59) patients per year, 
while from 2002 onwards, a decrease in incidence to 33 (19-36) patients per year 
was noticed. The number of immigrants in the Netherlands decreased in the same 
period and followed the same trend as the incidence of new patients with hydatid 
disease (Figure 2). The number of immigrants failed to attain a significant correla-
tion with the number of patients tested positive for hydatid disease (p=0.561, 
R=0.187). 
 

 
Figure 2. Trends in number of immigrants admitted to the Netherlands and the incidence of echinococ-
cosis based on serology data. Number of immigrants are converted (www.statline.cbs.nl). 
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Outcome of the questionnaire 

Seventeen (85%) of twenty hospitals receiving the questionnaire responded (seven 
of eight University Hospitals and ten of twelve District General hospitals). Only 
seven (41%) centres stated they had treated hydatid disease of the liver. An esti-
mation of the incidence was provided by three of these seven hospitals whereas 
the other four provided rates based on actual data. Actual data of the two largest 
centres are presented in table 1. 
 
Table 1. Trends in incidence, diagnosis and treatment of the two largest treatment centres based on 
actual data from 1990 onwards.  

Centres AMC Harbour Hospital 
Incidence    
No. of patients with hepatic hydatidosis 131 48 
solitairy hydatid cyst of the liver n.a. 34 
Multiple cysts of the liver n.a. 14 
Diagnosis   
radiology(CT/MRI/sonography) and serology all all 
confirmation (ELISA/IHA) all all 
Treatment   
medication yes yes 
Surgery not primarily yes 
 - cystectomy yes no 
 - pericystectomy no no 
 - hemihepatectomy yes no 
 - frozen seal method no yes 
PAIRa yes rarely 
PEVACb yes no 
Interventions   
surgery 12 48 
PAIRa 24 1 
PEVACb 51 -  
Recurrences   
surgery 0 5 
PAIRa 5 1 
PEVACb 4 -  
a PAIR: Puncture Aspiration Injection and Reaspiration  
b PEVAC: percutaneous evacuation of cyst content 
n.a: not available 
AMC: Academical Medical Centre, Amsterdam. Harbour Hospital: Centre for Tropical Diseases, Rotter-
dam 

 
Six (86%) of seven centres treated one to five patients per year and two of these 
centres had treated only one patient since 1990. The estimated total number of 
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patients treated for hepatic echinococcosis since 1990 was more than 200 and 
varied from 1 to 131 patients per centre. 

Diagnosis. The preoperative diagnosis of hepatic hydatid disease was in all pa-
tients made using computed tomography (CT) and serology analysis. In 3 centres, 
ultrasonography was also used, and in another 3 centres, the diagnosis was also 
based on clinical criteria. No changes in diagnostic procedures were observed in the 
study period. Usually, ELISA was used as a screening method and IEP or im-
munoblotting to confirmation test. Finally, microscopy and parasitology was used 
to confirm the presumed diagnosis. 

Treatment. In four of the seven hospitals (57%) treatment was protocol based. 
The treatment strategy was in all centres discussed in a multidisciplinary team, 
which consisted in five centres of a surgeon, internist and radiologist. Primary 
treatment strategy varied between the hospitals. Medication (as main treatment) 
was administered in five (71%) of seven hospitals. PAIR was used as primary treat-
ment strategy in only two (29%) of seven centres. In five (71%) of seven centres, 
surgery was the first choice treatment in case of severe complaints or when percu-
taneous treatment could not safely or effectively be performed. In the largest cen-
tre (AMC), percutaneous treatment of hydatid cysts was introduced stepwise. PAIR 
was started in 1996 as the first choice of treatment of unilocular hydatid cysts. 
Since 1998, the percutaneous evacuation of cyst content (PEVAC) was the pre-
ferred treatment of multilocular (“mother and daughter”) cysts in this centre.17 To 
reduce procedure related infections, PEVAC was modified extensively in 2007.  

Follow-up. Follow-up after surgery varied between the centres. Diagnostics 
used during follow-up were CT in five (71%) hospitals, ultrasonography in 2 (29%), 
MRI in 1 (14%) and serology in 2 (29%) centres. 

DISCUSSION 

This study reports the incidence, diagnosis and treatment strategies of hepatic 
hydatid disease in a non-endemic country. Data were acquired by consulting the 
national database of pathology, the databases of the laboratories where serology 
was tested and by conducting a survey amongst surgeons in HPB centres. To our 
knowledge, this nationwide multidisciplinary approach is the first such study in a 
non-endemic country in northern Europe. These data show a decreasing incidence 
of hepatic hydatidosis in the past decade. After the introduction of percutaneous 
treatment, a tendency was observed to adopt this less invasive technique as first 
choice treatment above surgery in the largest centre.  
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Trends in Incidence 

Since human echinococcosis is not an a notifiable disease in the majority of coun-
tries worldwide, it remains a challenge to estimate its true incidence.18 In highly 
endemic areas, such as parts of China, an incidence of 42/100.000 has been re-
ported.19 In some endemic European areas, the incidence is much lower and varies 
between less than 1 and > 8/100.000. Little is known about the incidence in non-
endemic European countries. In the last decade, we observed a decreasing inci-
dence of hepatic hydatidosis in The Netherlands from 51(36-59) to 33(19-36) pa-
tients per year. Similar observations were reported from endemic areas in Eu-
rope.20-22 This contrasts to the highly endemic parts elsewhere in the world.23-25 The 
decreasing incidence of hepatic hydatidosis in the Netherlands might partially be 
ascribed to the strict policy of the Dutch Government. Since the introduction of the 
Dutch law on foreigners in 2000, the number of immigrants decreased steadily 
from 133,404 in 2001 to 92,297 immigrants in 2005 (http://nl.wikipedia.org/wiki/-
Immigratiebeleid_(Nederland)#Asielzoekers_2). The trend of decreasing incidence 
of hepatic hydatidosis seems to follow the trend of immigrants in the Netherlands 
(figure 2).  

Trends in diagnosis 

No changes in diagnostic procedures were observed in the study period.  

Trends in treatment 

In the recent revision of the guideline by the WHO IWGE26 and other reports8,27 it 
was stated that surgery remains the cornerstone of treatment of human echino-
coccossis, as it has the potential to remove the hydatid cyst and lead to complete 
cure. It is advised to evaluate surgery carefully against other less invasive options 
like percutaneous interventions. Percutaneous treatment such as PAIR, was con-
sidered to be an alternative for surgery and indicated for inoperable patients or 
patients who refuse surgery.28 Chemotherapy is indicated for inoperable patients 
with hydatid liver disease or multiple cysts in two or more organs. It is advised as a 
treatment to prevent secondary echinococcosis and recommended preoperatively 
and peri-interventionally for PAIR.26 

Surgery 

Regarding surgical treatment in the study, only a minority of newly diagnosed pa-
tients with hydatid disease were treated with surgery. The actual percentage of 
surgical cases in relation to the incidence remained stable over the years. Although 
we found considerable differences in treatment strategies between centres (table 
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1), the outcome of the survey shows a trend towards less invasive treatment. This 
is consistent with the recent WHO guideline, and with more recent publications on 
this issue where minimally invasive and percutaneous treatments are reported to 
be safe and effective.3,4,29 Upon reviewing the literature, it seems that in recent 
years a gradual shift from open surgery towards minimally invasive and percutane-
ous treatment strategies has taken place. A relatively new minimally invasive tech-
nique for hydatid cysts in the liver is the laparoscopic approach. This technique can 
be radical and incorporates the benefits of the laparoscopic approach such as less 
pain, faster recovery and shorter hospital length of stay, compared to open sur-
gery.30  

Percutaneous therapy 

This survey among Dutch HPB centres demonstrates that percutaneous treatment 
of hydatid cysts such as PAIR and PEVAC is mainly used in one single specialised 
centre and rarely in the other centres. In the largest centre, PAIR is preferred as 
first choice treatment in patients with unilocular cysts and PEVAC in patients with 
multilocular cysts.17 When these techniques cannot be applied safely or effectively, 
surgery is indicated. This preference for percutaneous treatment is supported by 
the meta-analysis by Smego et al. PAIR was shown to be superior in terms of clini-
cal and parasitological efficacy, morbidity, mortality, disease recurrence and hospi-
tal stay.3 Others have also reported that the percutaneous technique should be 
considered first in selected patients but only when the expertise is available.31  

Medical treatment 

Medical therapy consists of benzimidazole carbamates (mebendazole and albenda-
zole). These anthelmintic drugs destroy the parasite by impairing glucose metabo-
lism.31 Albendazole is superior to mebendazole due to its better absorption.31 In 
the majority of Dutch treatment centres, albendazole is preventively started before 
invasive treatment is initiated. Although necessary as adjunct to invasive treat-
ments and successful for prevention of complications, the efficacy of chemother-
apy alone as treatment was reported to be overestimated in the past. Fourty per-
cent of the cysts did not respond to medical treatment or relapsed after treat-
ment.32  
 
The present survey revealed striking differences in the treatment of hepatic hyda-
tosis between the centres. To improve outcome, consensus on treatment is need-
ed. Therefore, a ‘step-up’ algorithm for a treatment strategy for non-endemic 
Western countries is suggested (Figure 3), based on this study and recent evidence 
reported in literature.3,4,8,29,31-34 
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Figure 3. A ‘step-up’ algorithm for treatment of hydatid lesions based on the recent evidence and results 
of this current survey.3,4,8,29,31-34  
The World Health Organization Informal Working Group on Echinococcosis (WHO-IWGE) classification of 
hydatid liver lesions is based on the Gharbi classification. Five morphologic types in three clinical stages
have been described previously: types CE 1 and 2 (cystic echinococcosis) indicate active lesions; type CE 
3 indicates transitional lesions which usually contain viable protoscolices; types CE 4 and 5 indicate
inactive lesions. The lesions are further classified as small (<5 cm), medium (5–10 cm) or large (>10cm).  

Conclusions 

The combined databases of pathology and serology indicate that the incidence of 
hydatid disease of the liver in the Netherlands remains rare. The current survey 
demonstrated that new guidelines are needed to agree on uniform primary treat-
ment strategies. In the Netherlands, only two large centres are focussing on treat-
ment of patients with hydatidosis. Centralization of this rare disease might improve 
the results as proven in other surgical treatments. Only then, can centres increase 
their expertise and a gradual shift to less invasive and safer treatment is to be ex-
pected. Management of this disease should be multidisciplinary and custom made, 
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and a ‘step-up’ treatment protocol is provided, which may help to standardize 
treatment. 
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APPENDIX 1. QUESTIONNAIRE 

Incidence 

1. How many patients with hydatid disease of the liver are treated in your hospital each year? 
 0  
 1-5 
 6-10 
 >10 
 
2. How were patients referred to your hospital? 
 no referral  
 first line (general practitioner, medical immigration service)  
 second line (other hospitals)  
 other, please specify: . . .  

Diagnosis 

3. Which method is used to diagnose echinococcosis of the liver. 
 clinically 
 ultrasonography 
 CT scan 
 MRI 
 serology 
 other, please specify: . . .  
 
4. How is the diagnosis confirmed? 
 no confirmation 
 ELISA (enzyme-linked immunosorbent assay) 
 IHA (indirect hemagglutination) 

Treatment 

5. Is there a protocol for the treatment of hydatid cysts? 
 no 
 yes  
 
6. Is there a multidisciplinary meeting before treatment 
 yes 
 no  
With which specialities:  
 surgeons 
 internists/gastroenterologists 
 (interventional) radiologists 
 
7. What is the indication for treatment 
 abdominal pain 
 jaundice 
 dyspnea 
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 anorexia 
 other, please specify: . . .  
 
8. What is the primary treatment strategy in your hospital? 
 medication 
 PAIR(Percutaneous Aspiration Injection Reaspiration) 
 surgery 
 only surgery by severe complaints 
 other, please specify: . . .  
 
9. If applicable, what medication and what dosage is used? 
 albendazol dosage:  
 mebendazol dosage: 
 praziquentel dosage: 
 other, please specify: . . .  
 
10. If surgery is primary treatment, is medication administered preoperatively? 
 no  
 yes  if applicable, when   1 day 
      1 week 
     other, please specify: . . .  
 
11. If surgery is primary treatment, what type of surgery is preferred 
 (subtotal) cystectomy 
 pericystectomy  
 hemi-hepatectomy 
 frozen seal method 
 other, please specify: . . .  
 
12. Approximately how many patients with hydatid liver cysts treated with PAIR since 1990?  
 
13. Approximately how many patients with hydatid liver cysts were operated since 1990? 

Follow-up 

14. Is there a follow-up programme after medical treatment? 
 no  
 yes  if applicable, how often . . .  
 
15. Is there a follow-up programme after PAIR? 
 no  
 yes  if applicable, how often . . .  
 
16. Is there a follow-up programme after surgery? 
 no  
 yes  if applicable, how often . . .  
 
17. Approximately what is the percentage of follow-up programme after surgery? 
 
18. What methods are used for follow-up? 
 none 
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 ultrasonography  
 CT scan 
 MRI 
 serology 
 
19. How many recurrences have occurred since 1990 
 after PAIR . . . recurrences  
 after surgery . . . recurrence  
 
20. Are these numbers presented in the survey: 
 estimated numbers  
 actual numbers 

Evidence 

22. Based on the recent evidence, surgery remains primary treatment of choice  
 yes 
 no  
 only for complicated cysts 

Incidence in your clinic 

23. In order to estimate the incidence per region, we would like to ask you the following questions: 
a) Total treated patients with echinococcosis since 1990 
b) Mean number of patients treated per year 
c) Number of patients with solitary cysts per year 
d) Number of patients with multiple cysts per year 
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INTRODUCTION 

Hepatocellular adenomas are rare benign tumours with a prevalence of 3 per 
100.000.1,2 These liverlesions are predominantly found in young females in their 
third or fourth decades taking oral contraceptives. The incidental finding of these 
tumours increased after the wide usage of oral contraceptive in the late seventies 
of the past century1,3. Not only was this benign lesion incidentally found by the 
increased use of the abdominal imaging. These tumours are also known because of 
the spontaneous rupture in the liver leading to life threatening haemorrhage4,5. At 
first, the treatment consisted of acute resection of the tumour with, however, a 
mortality of 5-10%6. Gradually this aggressive therapy changed towards initial re-
suscitation and acute laparotomy and gauze packing without resection7. Some 
reports were noted of the embolisation of ruptures liver lesions4,5,8. Therefore, 
these life-threatening haemorrhages were treated in Leiden with heamodynamic 
support followed by acute selective arterial embolisation (chapter 7). The hypothe-
sis was investigated whether this novel technique was safe and effective as first 
treatment.  

Another complication of these benign liver adenomas is the malignant trans-
formation. This is reported with an incidence of 10%, however, proper evidence is 
lacking9. Therefore, systematic search for evidence was needed (chapter 8).  
 
In this part the following questions were investigated: 
1. Can selective arterial embolisation avoid invasive surgery when a ruptured 

adenoma is discovered during pregnancy? 
2. Is selective arterial embolisation a good first approach in the treatment of life 

threatening haemorrhage of ruptured liver adenomas? 
3. What is the reported incidence of malignant degeneration of hepatocellular 

adenomas?  
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ABSTRACT 

An at term pregnant woman was admitted to a peripheral hospital with sudden 
right upper abdominal pain and diagnosed as having pre-eclampsia. Labour was 
induced and she was referred to our hospital because of increasing pain and de-
creasing haemoglobin levels. At admission ultrasound examination showed a possi-
ble liver haematoma and abdominal fluid. After delivery she remained hemody-
namically instable and a contrast enhanced CT scan revealed four lesions resem-
bling adenomas and free peritoneal fluid. The patient could not be stabilized with 
conservative treatment. A selective embolisation of the right hepatic artery was 
performed successfully. 
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INTRODUCTION 

Hepatocellular adenomas are rare benign liver tumours. They usually occur in 
young women and are often diagnosed after rupture. The reported increase in 
incidence after the introduction of oral contraceptives in the late seventies sug-
gested that there might be a hormonal basis for the development of hepatocellular 
adenomas.1 This was strengthened by the reported reduction or complete regres-
sion of adenomas after cessation of estrogen use.2,3 During pregnancy, these tu-
mours have been known to grow and due to increased vasculature and elevated 
levels of steroids, they seem more likely to rupture.4,5  

We report a case of a pregnant woman with right upper quadrant pain and 
hemodynamic instability due to bleeding adenomas of the liver. The approach to 
diagnosis and treatment of this entity is discussed.  

Case report 

A healthy 30-year old primigravid woman with a term pregnancy was seen by her 
consulting gynaecologist complaining of progressive abdominal pain. Prior to ad-
mission, pregnancy had progressed without any complications. Physical examina-
tion showed right upper quadrant pain and a diastolic blood pressure of 95 mmHg. 
Her urine specimen was positive for protein. Ultrasound examination demon-
strated a liver haematoma of 8 cm in diameter and a small amount of abdominal 
fluid. The patient was diagnosed as having pre-eclampsia and labour was induced 
by oxytocin infusion. She was referred to our hospital because of increasing pain 
and decreasing haemoglobin. Her laboratory tests showed low haemoglobin levels 
(4.9mmol/L), normal platelets count (220x109/L) and elevated liver enzymes (AST 
158 U/L, ALT 42 U/L). One hour after admission, a healthy girl of 3875 gram was 
born by vacuum extraction.  

Directly after birth, the patients systolic blood pressure dropped to 80 mmHg 
with a pulse rate of 140/min. Resuscitation was initiated, which included a blood 
transfusion of two packed cells (PC). Shortly after, the patient complained of pro-
gressive pain in the right upper abdomen and back despite analgesics. Physical 
examination of the abdomen showed tenderness in the right upper quadrant and 
muscular rigidity. Repeated ultrasound showed free peritoneal fluid and a tumor-
ous process in the liver of 11.5 cm. There was no fluid around the liver. An emer-
gency contrast enhanced computed tomography (CT) scan showed four large le-
sions in the liver, most likely hepatocellular adenomas (Fig 1). The largest adenoma 
in segment V measured 10x12 cm with signs of recent haemorrhaging. Other ade-
nomas were seen in segment VI and VII. One lesion was suspect for bleeding into 
the abdominal cavity. The patient could not be stabilized non-operatively. A selec-
tive embolisation of the right arteria hepatica was successfully conducted in order 
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to stabilize the patient (Fig 2). She recovered swiftly and both mother and daughter 
were discharged two weeks later. Since it is commonly accepted that estrogen 
promotes adenoma growth, she was advised to refrain from oral contraconcep-
tives. An intra-uterine device was placed at her postnatal check-up. Follow-up CT 
scan 2 months after embolisation showed complete necrosis of the large lesion in 
the right lobe and resorption of the haematoma. Eleven months after admission, 
the patients CT scan showed a progressive decrease in size of all tumours. The 
largest tumour was reduced to 7x9.5 cm. In this case, we will conduct further radio-
logical follow up to observe the size of the adenomas. If one of the lesions will 
enlarge, we will perform an elective resection to prevent malignant degeneration. 

 
 

Fig. 1. Contrast enhanced computed tomography scan of the liver showing several adenomas; the
largest in segment V (10cm), with signs of recent bleeding. The other adenomas are in segment VI and 
VII, one suspected for recent bleeding into the abdominal cavity.  
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Fig. 2. Angiography of the liver after selective embolisation of the right hepatic artery. Contrast fills the
common hepatic artery and the left hepatic artery. Note the used coils in the origin of the right hepatic 
artery (arrow). 

DISCUSSION 

Liver rupture during childbirth is a serious and potential mortality risk for pregnant 
women and is predominantly associated with either atypical pre-eclampsia or 
HELLP syndrome. Haemorrhage in pregnancy from liver adenomas is rare and 
therefore easily misdiagnosed.6 Presentation may be with severe pain localised to 
the epigastrium or right upper quadrant with radiation to the back or right shoul-
der. These symptoms might be misinterpreted as dyspepsia, cholecystitis or anxi-
ety. Delay in diagnosing rupture of the liver will contribute to high mortality rates. 
Liver rupture due to HELLP syndrome and bleeding from liver adenomas are differ-
ent entities and require different therapeutic strategies. In order to visualize ade-
nomas and potential bleeding, it is essential to perform a CT scan.  

Controversy remains upon emergency management for ruptured adenomas. 
Acute surgical resection is advised as preferred treatment by many authors,6 de-
spite an associated mortality rate up to 8%.7 In contrast, some authors have sug-
gested a more conservative approach with primarily hemodynamical stabilization, 
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followed by preventive partial liver resection for tumours exceeding five cm be-
cause of potential malignant degeneration.5 Arterial embolisation was proposed 
before as selective treatment for bleeding adenomas.2 To the best of our knowl-
edge, no series of patients with bleeding adenomas and selective embolisation 
have been reported until now. In this report we show that selective embolisation 
might be a valuable tool to control severe bleeding from ruptured adenomas in the 
liver. Also, this case emphasizes the need for a high degree of suspicion for liver 
adenomas when women present with right upper abdominal pain during preg-
nancy. 
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ABSTRACT 

This case report describes a young female patient presenting with acute intra-
abdominal hemorrhage originating from a large tumor in the liver, most likely a 
hepatocellular adenoma. The haemorrhage was stopped by selective embolisation 
of a right hepatic artery branch. Subsequently, partial hepatectomy was performed 
after 6 months. Macro- and microscopic examination showed complete necrosis 
and absence of tumorous tissue. The patient was discharged without complica-
tions, and subsequent follow-up until 22 months after resection did not reveal any 
new lesions in the liver. This case emphasizes the significance of selective arterial 
embolisation in the management of haemorrhaging liver tumours, and questions 
the need for (partial) hepatectomy after this procedure in selective cases. 
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INTRODUCTION 

Hepatocellular adenomas are uncommon benign liver tumours that are present 
mainly in women of reproductive age.1 Their existence is associated with the use of 
oral contraceptives.2 The first clinical presentation of the tumour can consist of 
abdominal pain, hepatomegaly, or hepatic (subcapsular) haemorrhage and shock1 
For the latter presentation, emergency surgery by partial hepatectomy is the cur-
rent treatment of choice. However, this treatment is associated with high morbid-
ity and mortality rates.3,4 Therefore, several groups suggest a role for initial conser-
vative treatment1,5 Selective arterial embolisation is a novel method for the man-
agement of intra-abdominal haemorrhage without the need for major surgery, and 
our hospital has gained considerable experience with this procedure. However, the 
use of this elegant method when coping with liverhaemorrhage has only been de-
scribed incidentally.1,5,6  

After any initial emergency treatment, secondary partial hepatectomy is gen-
erally recommended in patients with lesions ≥ 5 cm, because of increased risk of 
rupture as well as malignant degeneration.1,5 The case we present, however, sug-
gests a role of selective arterial embolisation not only in the primary emergency 
situation, but also as a therapeutic tool to achieve necrosis of an arterially vascular-
ized liver tumour. 

CASE REPORT  

A 35-year-old woman was referred to our hospital with a two-day history of right 
abdominal pain without any previous trauma. The patient had no medical history, 
her medication consisted of oral anticonceptive treatment only (30 µg ethinyles-
tradiol, 150 µg levonorgestrel, taken during eleven years). Despite initial fluid sup-
pletion, her heart rate was elevated (110/min) with normal blood pressure. Further 
physical examination showed tenderness of the right upper abdomen. Hemoglobin 
levels were low (4.9 mMol/l). INR was 1.0, APTT 21.5 ѕ, PTT 12.5 ѕ and thrombo-
cytes 213 × 10⁹/L. Serum liver enzyme levels were elevated (ASAT 550 U/l, ALAT 
607 U/l, Alk.Fos 75 U/l, γGT 109 U/l, LDH 758 U/l). She was transfused with 2 units 
of red blood cells. Computed tomography (CT) scan of the abdomen revealed a 
large subcapsular haematoma surrounding a tumorous mass in segment IV-VII of 
the liver, as well as intraperitoneal fluid. Arteriography confirmed haemorrhage 
originating from the right hepatic artery, which was also responsible for the vascu-
larisation of the tumour.  

Subsequently, selective arterial embolisation of the majority of right hepatic ar-
tery branches was performed in order to stop the haemorrhage, using both polyvi-
nyl alcohol (PVA) particles and a mixture of enbucrilate (Histoacryl) and iodized 
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poppy-seed oil (Lipiodol). Contrast-enhanced CT scan 6 days after embolisation 
clearly showed a circumscribed tumorous mass (∅ 7 cm) in segment V of the liver, 
most likely a hepatocellular adenoma (Figure 1).. Further hospital stay was unre-
markable and the patient was discharged 11 days after admission. 
 

 
Figure 1. Contrast-enhanced computed tomography (CT) scan of the abdomen 6 days after
selective arterial embolisation, showing liver haemorrhage with a circumscribed mass as its 
conceivable origin. 

 
Following our department’s protocol on liver adenomas with a diameter ≥ 5 cm, 
elective resection of segment V was performed six months later. Preoperative con-
trast-enhanced CT scan showed the remains of both the hematoma and the known 
circumscript mass (Figure 2). Arterial perfusion of segment V of the liver was ab-
sent whereas portal perfusion was intact. The resected tumor consisted completely 
of necrotic material (Figure 3). No clear tumour classification could be made by 
histological examination due to absence of tumorous material, but the macroscopic 
signs of necrosis were confirmed.  
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Figure 2. Arterial phase CT scan of the abdomen before partial hepatectomy, showing remains 
of the hematoma and the known circumscribed mass, which is not vascularised arterially. Note 
the arterial deposition of Histoacryl en Lipiodol along the tumour as a result of the selective 
embolisation. 

 

 
Figure 3. Macroscopic view of the resected tumour (∅ 7 cm), consisting entirely of necrotic 
material. 
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Tumour markers (CEA, CA 19.9 and α-foetoprotein) were in the normal range. The 
patient was discharged without complications, and subsequent follow-up until 22 
months after resection did not reveal any new lesions in the liver. She was advised 
to refrain from oral contraceptive medication. 

DISCUSSION 

The increased chance of rupture of large hepatocellular adenomas makes the pres-
ence of such a tumour a considerable potential hazard. Management of this condi-
tion still needs improvement. The presence of a ruptured hepatocellular adenoma 
cannot be proven by CT scan alone, but is strongly suggested by our patient’s clini-
cal presentation. Although hepatocellular carcinoma and focal nodular hyperplasia 
lesions have also been described as causes of liver haemorrhage,7 their presence is 
unlikely in this patient. The presence of liver adenomas in young women is associ-
ated with the use of oral contraceptives. In this case no specific histologic tumour-
classification could be made, since cessation of arterial blood flow by embolisation 
caused necrosis of the tumor. This corresponds with the fact that hepatocellular 
adenomas are only vascularized arterially. It has to be noted that regression of liver 
adenomas is possible not only after ischemia, but also after hormone withdrawal,8 
hemodialysis9 and dietary therapy for glycogen storage disease.10  

Embolisation is safe and successful in stopping the haemorrhage. The necrosis 
of the tumour may point to a future role of selective arterial embolisation in the 
management of either haemorrhaging or non-haemorrhaging hepatocellular ade-
nomas. Furthermore, this case argues in favour of conservative follow-up after 
embolisation, regardless of the initial size of the adenoma. This would further limit 
the indications for surgery in a selected group of patients, resulting in reduction of 
patient morbidity and mortality. 
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ABSTRACT 

Background: Emergency treatment for patients with a ruptured hepatocellular 
adenoma is controversial. The aim of this study was to evaluate the management 
of ruptured adenomas with selective arterial embolisation.  
Methods: The study included 11 consecutive patients treated for ruptured hepato-
cellular adenomas in the period 2001-2006. After initial hemodynamic support, all 
patients received selective embolisation of branches of the hepatic artery. The 
primary outcome was effectiveness in stopping the haemorrhage. Secondary out-
comes were complications and changes in tumour size after embolisation.  
Results: A single embolisation brought haemorrhaging under control in ten pa-
tients; one patient needed three embolisations. None of the patients required 
emergency surgery. In the follow-up of 19 months (range 7-49 months) no general 
complications or hepatobiliary complications were observed. All 25 adenomas, 
including those without signs of haemorrhaging in the same liver lobe were either 
smaller or not detectable on computed tomography or magnetic resonance imag-
ing after embolization, with the median diameter decreasing from 7.0 cm to 2.5 cm 
(P < 0.001).  
Conclusions: Selective embolisation of the hepatic artery is a save and adequate 
first approach in the management of patients with haemorrhaging hepatocellular 
adenomas. Furthermore, arterial embolisation reduces the size of adenomas in the 
liver. 
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INTRODUCTION 

Although emergency surgery for ruptured hepatocellular adenomas of the liver is 
associated with high mortality and morbidity rates, it remains the treatment of 
choice.1,2 Emergency resection of ruptured adenomas has mortality rates between 
5 and 10 per cent, whereas elective surgery has a mortality rate of less than 1 per 
cent.3-5 A recent study, showed that conservative management of ruptured hepa-
tocellular adenoma may be a good alternative treatment, as none of the 12 pa-
tients died.⁶ Unfortunately, three of those patients required urgent laparotomy and 
gauze packing because of life-threatening haemorrhaging. Selective arterial em-
bolisation for ruptured hepatocellular adenomas may be a valuable alternative, 
although reports of this are rare.7-10 In Leiden University Medical Centre, selective 
embolisation of hepatic artery branches is performed as initial therapy to stabilise 
hemodynamically unstable patients with haemorrhaging ruptured hepatocellular 
adenoma.  

The aim of this study was to evaluate the management of ruptured hepatocel-
lular adenomas using selective arterial embolisation.  

METHODS 

The study included 11 consecutive patients were treated for ruptured hepatocellu-
lar adenoma (ten women, one man; mean age 33.5 (range: 18-43 years) between 
January 2001 and January 2006). Nine of the women had a history of oral anticon-
ceptive use during several years. Seven patients had more than one ruptured ade-
noma. In all but one patient, the adenomas were located in the right hepatic lobe 
(median diameter 7 cm, range 0.7-15 cm). Laboratory tests on serum CA19-9, car-
cinoembryonic antigen and α-fetoprotein were normal in all patients. Distinction of 
the liver lesion was made by ultrasonography, computed tomography (CT) scanning 
and/or gadolinium and superparamagnetic iron oxide (SPIO)-enhanced magnetic 
resonance imaging (MRI).11 Selective embolisation was performed with polyvinyl 
alcohol particles and coils or using a mixture of enbucrilate (Histoacryl®; B.Braun 
Aesculap, Tuttlingen, Germany) and iodized poppy-seed oil (Lipiodol). Contrast-
enhanced CT showed characteristics of the adenomas: hepatic tumours with arte-
rial perfusion starting at the periphery with centripetal progression. Gadolinium 
and SPIO-enhanced MRI were used also during follow-up. In one patient there was 
some doubt about the diagnosis, and a liver biopsy was performed. Histopathologi-
cal examination confirmed hepatocellular adenoma.  

The primary outcome was defined as the success of embolisation therapy: he-
modynamic stabilisation and bleeding stopped. Failure of the initial therapy was 
defined as hemodynamically instability after embolisation warranting emergency 
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surgery. Secondary outcomes were morbidity (minor and major complications) and 
changes in size of haemorrhaging and non-haemorrhaging adenomas after selec-
tive embolization. Complications were defined as minor (generally non-life-
threatening or nosocomial) or major (intra-abdominal abscess, sepsis, major haem-
orrhaging requiring new interventions or death).  

Changes in adenoma size were measured during radiological follow-up and 
compared with initial measurements. Measurements before and after embolization 
were compared using the paired Student’s t test. P <0.050 was considered signifi-
cant. 

RESULTS 

In all 11 patients, haemorrhaging was the first presentation of hepatocellular ade-
noma. In total, 23 units of red blood cells were required to stabilize these patients 
(mean haemoglobin level 5.8(range 3.6-8.9) mmol/l,). Four units were given after 
embolization for the whole group. Eight patients presented with hemodynamic 
shock (class I-III). Seven patients were referred to the authors’ centre after initial 
hemodynamic support and three were stable at admission. All but two of the pa-
tients haemorrhaged into the abdominal cavity. After initial haemodynamic sup-
port, all 11 patients had selective embolisation of one ore more branches of the 
hepatic artery: the right hepatic artery in seven patients, the left hepatic artery in 
one, the combined right and left hepatic artery in two and the common hepatic 
artery in one (because of dissection of this artery during the procedure). None of 
the patients required secondary emergency surgery. One patient required two 
additional embolisations because of a false aneurysm close to the necrosis caused 
by the primary embolisations. 

In four patients, only minor complications were observed, consisting of fever 
without other clinical symptoms of infection. One patient developed pleural effu-
sion, which was aspirated. This procedure was complicated by a pneumothorax. No 
major complications arose from the embolisation itself.  

In the first two patients, elective surgical segmental liver resection was carried 
out because of adenoma size (7 and 15 cm), in accordance with the guidelines for 
patients with large adenomas. Histopathological examination showed complete 
necrosis of these adenomas, consistent with follow-up CT. so, the decision was 
taken not to resect tumours larger than 5 cm after embolisation but to ensure 
frequent radiological follow-up. In the remaining nine patients, follow-up CT or MRI 
consistently showed tumour necrosis and resorption after embolisation. Moreover, 
both haemorrhaging and non-haemorrhaging hepatocellular adenomas shrank 
during follow-up in all patients (Fig. 1). The median decrease in size was 5.0 cm (P< 
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0.001) (Figure 2); the difference in size was significant even when haemorrhging 
and non-haemorrhaging adenomas were analysed separately (Table 1). 
 

Figure 1. Typical examples of hepatocellular adenomas during radiological follow-up. (A) Contrast en-
hanced computed tomography (CT) scan of the liver showing one large adenoma (7cm) with signs of 
bleeding. (B) CT scan 17 months after embolisation; the adenoma measures 2cm. (C) CT scan in a patient 
with several adenomas; the largest in segment V (large arrows), measuring 10cm, and showed signs of
recent bleeding. The other adenomas are in segment VI and VII, one suspected for recent bleeding into
the abdominal cavity (small arrows). (D) CT scan 10 months after embolisation; the largest adenoma 
measures 5cm. (E) CT scan showing several adenomas in a patient with adenomatosis (small arrows) and 
a large bleeding adenoma in segment VII-VIII (large arrow). (F) Follow-up Magnetic Resonance Imaging 
scan 35 months after embolisation; most of the adenomas were no longer detectable. 

 

A.	  Before	  embolisa.on 	   	   	  B.	  A1er	  embolisa.on	  (17months)	  

C.	  Before	  embolisa.on 	   	   	  D.	  A1er	  embolisa.on	  (10	  months)	  

E.	  Before	  embolisa.on 	   	   	  F.	  A1er	  embolisa.on	  (36	  months)	  
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Figure 2. Changes in size of hepatocellular adenomas after selective arterial
embolisation as measured during radiological follow-up. All adenomas de-
creased in size (median decrease in size was 5.0 (range 7.0-1.0) cm (P<0.001, 
paired Student’s t test) 

 
Table 1 The decrease in size of haemorrhaging and non-haemorrhaging hepatocellular adenomas after 
selective arterial embolisation. 

Adenomas Size before embolisation 
(cm) 

Size after embolisation (cm) P-value* 

Haemorrhaging (n=17) 8.0 3.0 <0.001 
non-haemorrhaging (n=8) 3.5 2.0 <0.004 
All adenomas (n=25) 7.0 2.5 <0.001 

All values are medians. *Paired Student’s t test. 

 
No general or hepatobiliairy complications, such as bile leakage or ischaemic stric-
tures of bile ducts, were observed during follow-up (median 19 (range 7-49) 
months).  

DISCUSSION 

This study found selective arterial embolisation for ruptured and haemorrhaging 
hepatocellular adenomas to be a safe and effective method of haemodynamic 
stabilization. None of the 11 patients required surgery and only one required addi-
tional embolisations. There were a few minor complications including fever, proba-
bly caused by tissue necrosis after embolisation. Although the authors had antici-
pated biliairy complications, especially after dissection of the common hepatic 
artery, to date no biliairy stenosis or leakage has been observed in these patients.  
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Size of hepatocellular adenomas is an established risk factor of malignancy7,9,12. 
Surgical resection has been recommended for adenomas with an initial diameter of 
5 cm or more or in symptomatic patients, even during pregnancy6,13. The resection 
of large adenomas has also been recommended because the risk of haemorrhaging 
is relatively high. For smaller and asymptomatic adenomas, an expectant approach 
is advocated14.  

The results of this study show that selective embolisation prevents growth of 
hepatocellular adenomas, including non-ruptured adenomas in patients with mul-
tiple adenomas. Hepatic adenoma regression has been reported before, but only 
after discontinuation of oral contraceptives15-17, and some reports have shown no 
change in the size of hepatocellular adenomas after oral contraceptives with-
drawal18,19.  

The effect of embolization on a hepatocellular adenoma, an extensive prolif-
eration of blood-filled sinusoids is understandable in the light of its morphological 
arterial blood supply, as observed with different imaging techniques20,21. This might 
also explain the disappearance of adenoma tissue after embolisation. Although the 
present study was not set up to evaluate the effect of embolisation on hepatocellu-
lar adenomas growth, all the lesions regressed after embolisation, even in the two 
patients who had not had oral contraceptives. Some adenomas were no longer 
detectable at all after embolisation in patients with multiple adenomas. However, 
initial measurements could have been clouded by the haematoma and consequent 
resorption in some cases. Selective embolisation might therefore be an option for 
large or symptomatic adenomas in a selected group of patients. As it avoids inva-
sive surgery, it would also be suitable for pregnant women22.  

Long-term follow-up of these patients is necessary, with repeated contrast-
enhanced CT- or MRI to discriminate between residual haematoma, cystic forma-
tion and residual liver tumour. Increase in tumour size should lead to a more ag-
gressive approach including biopsy, ablation or surgical resection.  

Conclusions 

Selective hepatic artery embolisation is a valuable tool in the treatment of haemor-
rhaging hepatic adenomas. It might be considered as the first treatment of choice, 
avoiding emergency surgery, thus reducing the risk of surgeryrelated morbidity and 
mortality.  
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ABSTRACT 

Background: Malignant transformation of hepatocellular adenomas (HCAs) into 
hepatocellular carcinomas (HCCs) has been reported repeatedly and is considered 
one of the main reasons for surgical treatment. However, its actual risk is currently 
unknown. Aim of the study was to provide an estimation of the frequency of malig-
nant transformation of HCAs and to discuss its clinical implications. 
Methods: A systematic literature search was conducted using the following data-
bases: The Cochrane Hepatobiliary Group Controlled Trials Register, The Cochrane 
Central Register of Controlled Trials (CENTRAL), PubMed, MEDLINE and EMBASE.  
Results: 157 relevant series and 17 case reports (a total of 1635 HCAs) were re-
trieved, reporting an overall frequency of malignant transformation of 4.2%. Only 
three cases (4.4%) of malignant alteration were reported in a tumour smaller than 
5 cm in diameter. 
Conclusion: Malignant transformation of HCAs into HCCs remains a rare phenome-
non with a reported frequency of 4.2%. A better selection of exactly those patients 
presenting with an HCA with an amplified risk of malignant degeneration is advo-
cated in order to reduce the number of liver resections and thus reducing the op-
erative risk for these predominantly young patients. The Bordeaux adenoma tu-
mour markers are a promising method of identifying these high-risk adenomas. 
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INTRODUCTION 

Hepatocellular adenomas (HCAs) are uncommon and essentially benign tumours in 
the liver that occur predominantly, but not exclusively, in young women taking oral 
contraceptives (OCs).1,2 HCAs are caused by benign proliferation of hepatocytes 
with high glycogen and fat content but lack normal hepatic architecture. They usu-
ally present as a solitary nodule that may reach up to 30 cm in diameter. 

Clinical manifestations range from asymptomatic presentation or abdominal 
pain localized to the epigastric region or right upper quadrant to a palpable liver 
mass or even life-threatening haemorrhage in the case of rupture.3,4 However, 
these tumours are most often encountered as an incidental finding during imaging 
for unrelated pathology. 

Although the exact pathogenetic mechanism of the development of HCAs re-
mains unknown, an association between formation of HCAs and the use of OCs or 
androgen-containing anabolic steroids is assumed.5-7 Studies from the past century 
suggest that long-term use of OCs increases the annual incidence of HCAs from 1 
per million to 3 to 4 per 100,000.1,8 In addition, OCs and androgen-containing ster-
oid anabolics have also been suggested of increasing the number and size of these 
adenomas. Conversely, HCAs may shown signs of regression on discontinuance of 
OC use.9,10 HCAs are further reported to be associated with type I and type III gly-
cogen storage disease (GSD) and, furthermore, are more likely to be multifocal or 
to become malignant in these patients.11 

The most important complications of HCAs are haemorrhage and malignant 
transformation into hepatocellular carcinomas (HCCs). Thus, these are the two 
main reasons for surgical treatment. However, little is known about the true inci-
dence, associated risk factors and the aetiology of malignant alteration of HCAs. 
The aim of the current systematic review is to provide an estimation of the fre-
quency of this phenomenon by means of a systematic literature search and, more-
over, to discuss the clinical implications. 

METHODS 

Search strategy 

A search of all literature up to February 2010 was performed independently by two 
investigators (JHMBS and RJSC) employing all relevant databases including the 
MEDLINE, PubMed and EMBASE databases, The Cochrane Hepatobiliary Group 
Controlled Trials Register and The Cochrane Central Register of Controlled Trials 
(CENTRAL). Keywords were "hepatocellular adenoma", "benign liver tumours”, 
“malignant transformation”, and “liver resection”. The search was limited to stud-
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ies restricted to humans and articles published from 1970 onwards. This time pe-
riod was chosen since the number of reports on hepatocellular adenomas began 
rising in the seventies. All titles and abstracts were screened and relevant articles 
were selected. 

Study selection criteria 

Studies were included if they described a series of patients with HCAs undergoing 
surgery, embolisation or other (conservative) treatment. Case reports and imaging 
studies of these benign lesions were also included. Only those studies containing a 
definite histological diagnosis of the tumours were included. Studies concerning 
HCAs in patients with GSD were excluded since these patients carry a higher risk of 
developing these lesions and, moreover, are thought to have an increased risk of 
malignant degeneration. Furthermore, patients with adenomatosis (more than 10 
HCAs) were excluded, as this is considered as a different entity.12,13 No further for-
mal quality assessment or selection criteria were employed.  

Data extraction 

The reference lists of retrieved articles were reviewed for potentially relevant stud-
ies and case reports were also reviewed. When the full text of an article was not 
available, an Inter Library Loan account was used to retrieve these articles from 
national libraries. All data of selected articles were screened for duplicate adenoma 
cases that had already been reported in prior studies. In the case of overlapping 
series, only the most recent or complete publication was included. The correspond-
ing author of relevant studies identified from the initial search, together with ex-
perts in the field, were contacted for any information on unpublished articles and 
in case of need for clarification. 

Outcome measures and statistical analysis 

The main outcome measure was the rate of malignant transformation. In addition, 
the numbers of (resected) HCAs, the number of females, mean age at presentation, 
mean diameter of the lesion, OC use and presence of haemorrhage were all as-
sessed. All reported adenoma cases were listed in a table. All data were presented 
as mean or median values and percentages.  
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RESULTS 

A total of 3935 articles were identified through the electronic searches of PubMed 
(n = 120), The Cochrane Hepatobiliary Group Controlled Trials Register and CEN-
TRAL in the Cochrane Library (n = 12) and a combined Ovid MEDLINE and EMBASE 
search (n = 3803). Through reading titles and abstracts 1196 duplicates as well as 
2658 noticeably irrelevant articles and eight articles on GSD or adenomatosis were 
excluded. Furthermore, four articles were excluded since they contained a series of 
adenomas that had been previously reported. Altogether, 69 articles were selected 
for more detailed evaluation. From this analysis, a further 108 studies were in-
cluded through cross-referencing and three studies were excluded because of pre-
viously reported series of adenomas. In total, 174 articles (157 series and 17 case 
reports) on liver surgery and imaging, including case series of HCA, were retrieved 
(figure 1). 
 

Potentially relevant articles identified
through searches of databases

(n = 3935)

Articles included in systematic review 
(n = 174)
- Series (n = 157)
- Case reports (n = 17)

Articles retrieved for more detailed 
evaluation

(n = 69)

Articles excluded (n = 3866)
- Irrelevant (n = 2658)
- Duplicates (n = 1196)
- GSD or adenomatosis (n = 8)
- Adenomas reported previously (n = 4)
- Indefinite histological diagnosis (n = 0)

Articles excluded (n = 2)
- Adenomas reported previously (n = 2)

Potentially appropriate articles to be 
included in systematic review

(n = 175)

Articles included through cross-referencing 
(n = 108)

Articles excluded (n = 1)
- Adenomas reported previously (n = 1)

 
Figure 1. Flowchart literature search. GSD, glycogen storage disease 
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Hepatocellular adenoma series in the literature 

The 157 series contained a total of 1617 HCAs worldwide, of which 1445 HCAs 
(89%) were resected (table 1). Thirty-six patients with adenomatosis and 14 pa-
tients with GSD were excluded from a total of eight studies. There were 51 series 
that contained only a single patient with HCA. Most of these reports were pub-
lished in the seventies of the former century when individual cases of HCA in wom-
en using OCs were regularly reported. The three largest series contained 91,14 12415 
and 12816 HCAs respectively (patients having adenomatosis or GSD not included). 

Case reports on malignant transformation of hepatocellular adenomas 

The literature search identified 17 case reports concerning malignant transforma-
tion (a total of 19 cases), which are presented in table 2. The mean age of these 
patients at the time of surgery was 41 years (range, 19 to 70). Five of these patients 
(26%) were men, of whom one had a history of oral prednisolone use and another 
had a history of anabolic steroid use.17,18 Twelve of the 14 women reported to have 
malignant alteration of an HCA presented with a history of OC usage. The mean 
time elapsed between commencement of OC therapy and diagnosis of HCA was 14 
years. Most cases of malignant transformation of HCAs were seen at the time of 
the diagnosis of HCA. Furthermore, only three cases (16%) among these 19 cases of 
malignant degeneration presented with multiple HCAs19-21 and six cases (32%) were 
complicated by haemorrhage.21-26 

Although some authors noted that HCAs may regress on discontinuation of oral 
contraceptive use,9,10,22 three case reports suggested that even after discontinua-
tion of OC use, HCC can still develop irrespective of the occurrence of regression of 
the HCA20,22,26. Moreover, the reports by Chuang et al.17 and Colovic et al.27 showed 
that malignant transformation of HCAs can occur in patients without a history of 
OC use. 
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Frequency of malignant transformation of hepatocellular adenomas in the 
literature 

Out of the 1617 HCAs listed in table 1, 50 tumours (3.1%) underwent malignant 
transformation into HCC. By combining these data with the case reports aforemen-
tioned (table 2), an estimation of the exact frequency of malignant alteration of 
HCAs could be made, as the data showed that 68 of a total of 1635 (4.2%) HCAs 
underwent malignant transformation. Moreover, of all resected HCAs (1462 in 
total), 4.5% contained focal malignancy. Although not the main scope of the cur-
rent review, haemorrhage was found in 406 of 1635 (25%) tumours, in keeping 
with literature data.13,14,28 

Association between size of HCA and risk of malignant transformation 

The size of HCA has, by current consensus, remained the main decision criterion in 
determining whether or not resection is indicated, based upon the observation that 
intratumoral bleeding only seldom takes place in lesions smaller than 5 cm.2,15,29 
Concordant to this observation, most of the resected adenomas identified in the 
current search were resected after they reached a minimal size of 5 cm.4,30 How-
ever, limited data was hitherto reported concerning the possibility of an association 
between the size of HCAs and the risk of malignant transformation. Particularly, no 
specific studies on this subject have been conducted and, moreover, most series in 
the literature did not report precise measurements of the tumours. Nonetheless, 
some case reports and series of HCAs with particular diameters were reported. 
Deneve et al15 analysed 124 patients with an HCA, of which five cases contained 
signs of malignant alteration. The mean size of these five tumours was 11.6 cm in 
largest diameter. No tumour smaller than 8 cm showed malignant transformation 
in this study. As shown in table 2, the mean size of solitary HCAs with features of 
malignant alteration reported in the retrieved case reports was 10.5 cm (range 4.5 
to 18 cm). Overall, the smallest size at which malignant transformation was re-
ported in the literature was 4 cm. This malignant alteration occurred in a solitary 
tumour of a 23-year-old woman who had taken OCs for eight years.31 In the series 
of 91 patients of Dokmak et al,14 malignant alteration of either solitary, or multifo-
cal HCAs was seen in nine cases. In this study, only one case of malignant transfor-
mation was observed in an adenoma measuring less than 5 cm in diameter (2-5 cm, 
exact size not presented), concerning a male individual with a history of steroid 
intake. Overall, the current literature search showed that a total of three cases of 
malignant alteration (4.4% of all HCAs showing this phenomenon) occurred in a 
tumour measuring less than 5 cm in diameter.14,24,31 
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DISCUSSION 

This systematic review has focussed on the risk of malignant transformation of 
HCAs into HCCs. The present study shows that malignant alteration is a rare com-
plication of these uncommon benign tumours. By performing a systematic search 
of studies reporting cases of this benign liver disease over the past 40 years and 
combining the data on these HCAs, a total of 1568 reported HCAs were found. The 
overall frequency of malignant transformation reported was 4.2% among all ade-
noma cases and 4.5% among all resected HCAs.  

Although earlier series of HCAs had already shown one or two cases, Foster 
and Berman19 were the first to report an estimated risk of malignant transforma-
tion, as they found a frequency of 13%. Barthelmes and Tait,13 Cho et al28 and Mic-
chelli et al31 used a similar approach for determining the incidence of malignant 
degeneration employed in the current study. However, these three studies identi-
fied a remarkably smaller number of case series than included in the current re-
view, and, moreover, the latter study did not include cases of HCAs in which no 
malignant alteration was found.31 Additionally, most case series used in the fre-
quency estimation comprised a limited sample size and reported only on resected 
adenomas. This could have led to an overestimation of the true risk, apart from the 
selection bias of reported studies and cases in general. The series of Dokmak et 
al,14 Deneve et al15 and Bioulac-Sage et al16 seem more robust for estimating the 
frequency of malignant alteration, as these authors analysed a larger population 
containing 91, 124 and 128 patients respectively (cases with adenomatosis or GSD 
not included). Hepatic adenomatosis is regarded as a different entity by many au-
thors concerning presentation and size and number of the adenomas, as well as the 
different therapeutic options.12,13 Equally, several groups have recently reported 
germ line mutations of hepatocyte nuclear factor 1α inactivation in adenomatosis, 
and this has been suggested to be associated with maturity-onset diabetes of the 
young type 3.32-34 Also, these mutations may have implications on the risk of malig-
nant degeneration. Therefore, and also to limit heterogeneity, liver adenomatosis 
was excluded in the present review. As previously mentioned, patients with known 
GSDs are at a higher risk of developing HCAs11,35 and were therefore not included in 
the current review. 

Risk factors of malignant transformation of hepatocellular adenomas 

Although the risk of malignant transformation seems small (4.2%), this is a serious 
complication, which cannot be neglected. As HCAs are difficult to discriminate from 
HCCs, because of similar imaging characteristics and histopathological features, it is 
important to identify factors that increase the risk of malignant transformation. 
Unfortunately, in the current study a true risk analysis based on tumour size was 
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difficult to perform as many studies only reported the mean size of the adenomas 
included. However, as three cases have been reported in which malignant trans-
formation occurred in a tumour measuring less than 5 cm in diameter, the recom-
mendation to only treat HCAs larger than 5 cm in diameter in order to prevent 
malignant transformation is open for debate.14,24,31  

Upon reviewing the literature, several groups of patients were identified as 
having an increased risk of malignant alteration of these benign liver tumours. High 
risk groups reported were those patients with a history of androgen or anabolic 
steroid intake,18 patients of male gender14,36 and, as previously stated, patients 
with GSD.11,37,38 Furthermore, as has been reported since the late seventies, intake 
of OCs could potentially play a role in enlargement of existing HCAs. To date, dis-
continuation of OC usage is still the advice given to patients that are diagnosed 
with an HCA,13 as several reports showed regression in size of the HCAs following 
cessation of OC intake.9,39,40 However, some case reports suggested that discon-
tinuation of OCs will not abort the risk of malignant transformation.41,42 Therefore, 
even after discontinuation of OC use, long-term follow-up of patients with unre-
sected HCAs remains necessary. Another proposed risk factor for malignant altera-
tion is the presence of dysplasia in HCAs. This characteristic harbours a risk of pro-
gression to HCC.43-47  

Several studies have identified mutations of the β-catenin gene in HCAs and 
reported that activated β-catenin mutations deregulate the β-catenin pathway. 
This pathway is part of the more complex Wnt signalling pathway which plays a 
major role in the proliferation of liver cells.36,48-50 These mutations may thus lead to 
hyperproliferation of liver cells and, consequently, malignancy. The Bordeaux group 
has performed genotype-phenotype analyses in HCAs and identified four different 
tumour subtypes with specific characteristics: (1) hepatocyte nuclear factor 1α 
(HNF1α) mutated (30%-50%), (2) β-catenin-activated (10-15%), (3) inflammatory 
(35%) and (4) unclassified tumours (5%-10%).36,51,52 Hepatocellular carcinoma asso-
ciated with adenoma was found in 46% of β-catenin-mutated tumours, whereas 
this has never been observed in inflammatory lesions and rarely found in HNF1α-
mutated tumours. This suggests that HCAs with β-catenin activation carry a higher 
risk of malignant transformation. Furthermore, the Bordeaux group identified four 
immunohistochemical markers that characterise each of the four HCA subtypes 
with high specificity and sensitivity: liver-fatty acid binding protein (L-FABP), gluta-
mine synthetase (GS), nuclear β-catenin and serum amyloid A (SAA).53 They found 
absence of L-FABP expression to indicate HNF1α mutation, whereas combined GS 
overexpression and nuclear β-catenin staining suggested β-catenin-activating mu-
tations. Finally, the Bordeaux group noted that SAA staining and overexpression of 
C-reactive protein (CRP) predicted inflammatory HCA. These markers have proven 
to be a promising method to identify adenoma patients at risk of developing HCC. 
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Table 3 provides an overview of HCA subtypes and their immunohistochemical 
markers. 
 
Table 3. Types of HCAs and their immunohistochemical markers 

HCA type Frequency (%) Malignant transformation Markers 
β-catenin activated 10-15 Yes β-catenin+/GS+ 
HNF1α inactivated 30-50 Rarely LFABP- 
Inflammatory 35 No SAA+/CRP+ 
Unclassified 5-10 No None 

CRP = C-reactive protein, HCA = hepatocellular adenoma, HNF1α = hepatocyte nuclear factor 1α, GS = 
glutamine synthetase, LFABP = liver-fatty acid binding protein, SAA = serum amyloid A, + = positive, - = 
negative 

Future treatment perspectives 

As for future treatment perspectives, more research is needed to investigate the 
mechanism of malignant degeneration. Only then can this group of predominantly 
young patients be withheld a potentially unnecessary liver resection, while this 
surgical treatment has still a reported morbidity and mortality of up to 27% and 3% 
respectively.30,54-56 At present, for all patients presenting with one or more HCAs 
larger than 5 cm, resection is the treatment option of choice in accordance with the 
current guidelines. Only 4.2% of HCAs will have actual foci of HCC, and therefore a 
considerable number of resections will be performed in vain. However, this rate 
should preferably be seen as an upper limit of the true frequency as publication 
bias might have occurred. After all, men who have an anabolic steroid-induced 
adenoma containing foci of malignancy are more likely to be reported in the litera-
ture than those adenoma patients without malignant transformation. Neverthe-
less, over 95% of all patients presenting with HCAs measuring over 5 cm, will un-
necessarily be exposed to a potentially hazardous surgical procedure. By identifying 
those patients who will derive most benefit from surgery as their HCA harbours an 
increased risk for malignant alteration, fewer patients will have to undergo this 
unnecessary surgery. The Bordeaux HCA markers are a promising risk prediction 
tool. However, biopsy could lead to haemorrhage, sample errors or tumour seed-
ing, but these potential complications are rare in experienced centres. Also, the 
value of β-catenin staining needs to be studied more intensively. Recently, interest 
has turned toward less invasive procedures to treat patients that present with 
HCAs larger than 5 cm. There is preliminary evidence to suggest that developments 
in minimally invasive techniques such as (percutaneous) radiofrequency ablation 
(RFA) or microwave ablation may alter the treatment of HCA. The limited data so 
far available suggest that these techniques can be performed with low morbidity 
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and zero mortality, but additional research is required to explore their exact role in 
adenoma treatment.57 
Recently, two groups have reported the therapeutic effects of selective arterial 
embolisation to stop haemorrhaging from ruptured adenomas.3,58 They also 
showed that embolising ruptured adenomas prevented growth of these lesions. 
Subsequently, selective arterial embolisation was utilised in a number of non-
haemorrhaging adenomas.3 During follow-up, none of these adenomas grew and 
the majority even regressed in size. On examining the haemorrhaging and non-
haemorrhaging adenomas separately, a statistically significant decrease in size was 
noted in both groups. It is this tumour regression, and its probable subsequent 
reduction of the risk of severe haemorrhaging and malignant transformation, that 
might propose selective arterial embolisation as a novel treatment for large unrup-
tured HCAs. As no significant complications from this treatment were reported 
arterial embolisation of HCAs might be the direction for further future research.3,58 
To the best of our knowledge, no studies have been performed to specifically inves-
tigate this treatment. 

Conclusions 

The current review shows that malignant transformation of HCAs into HCCs is a 
rare complication of these uncommon benign tumours. By pooling data of series 
and case reports, comprising more than 1600 reported HCAs, we found an overall 
frequency of malignant transformation of 4.2% for all adenomas, and of 4.5% for all 
resected adenomas. A multicentre study with a large registry of HCAs is paramount 
for estimating the actual risk of malignant transformation. Further research should 
focus on the underlying mechanisms of malignant transformation of HCAs into 
HCCs, associated risk factors and the use of new tumour markers. By means of a 
better selection of precisely which patients with an HCA present with an increased 
risk of malignant degeneration - and who could therefore derive the greatest bene-
fit from treatment- a reduction in unnecessary liver resections can be achieved. 
This would reduce the risks associated with surgery in these predominantly young 
patients. 
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INTRODUCTION 

In 1992, Gagner and colleagues performed the first laparoscopic liver resection, a 
wedge resection. Four years thereafter, Azagra et al. reported the first anatomic 
liver resection.1 Initially, laparoscopic liver resection was challenging because of the 
difficulties concerning safe mobilization and exposure of this fragile and heavy 
organ.2,3 Liver resection is associated with complications such as massive bleeding 
and bile leakage.2-6 Air embolism may occur when high-pressure pneumoperito-
neum is used 3 7. However, it is suggested that gas embolism is rare and well toler-
ated.8 Other concerns have been raised about the potential dissemination of ma-
lignant cells during laparoscopic resection.9,10 Some authors have suggested that 
tumour dissemination has not been increased by laparoscopy.11-13 In fact, recent 
reports regarding this subject show long term survival rates comparable with open 
surgery.4,14-16 

In 1995 Cuesta et al. were the first to publish a case report on initial experi-
ences with laparoscopic liver surgery in the Netherlands.17 A few years later (2001) 
a small retrospectively analyzed series (n=10) by the same group was published, 
showing encouraging results regarding intra-operative bloodloss, postoperative 
complications and length of hospital stay in wedge- and segment II – III laparo-
scopic resections.18 

Encouraged by these results, several liver surgeons in the Netherlands joined 
forces to enable the safe introduction of this exciting new technique in liver surgery 
nationwide in a controlled manner.  
 
The following questions will be adressed in this part: 
1. Is the introduction of a laparoscopic liver surgery programme for left sided liver 

lesions possible in a safe manner? Moreover, is it possible to implement this 
technique for liver tumours without expanded costs? 

2. What is the added value of laparoscopic liver resections for solid tumours within 
an Enhanced Recovery After Surgery (ERAS) programme?  

3. What are the results of the initial experience with laparoscopic liver resections 
in the Netherlands with a focus on factors influencing patient recovery and 
hence hospital length of stay. 
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The introduction of a laparoscopic liver 
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ABSTRACT  

Background: In the era of expanding costs of healthcare, this study was conducted 
to perform a cost analysis of introducing a laparoscopic liver surgery programme 
for left sided liver lesions.  
Methods: Consecutive patients treated by laparoscopic liver resections of left lat-
eral segments were included. Controls were a group of 14 patients undergoing 
open resection for similar pathology. Primary outcomes were costs. Secondary 
outcomes were complications, conversions, blood loss, length of operation, and 
length of hospital stay. 
Results: The laparoscopic approach for hepatic left lateral resection (bisegmentec-
tomy 2 and 3) was performed in fourteen patients (group I, median age 54 [range 
26-82] years). In the open group, fourteen patients from a prospectively collected 
database with the same type of resection were selected (group II, median age 64 
[range 29-76] years). Costs of theatre usage in the laparoscopic group were signifi-
cantly lower (p=0.031). No significant differences in costs of disposable instru-
ments, ward stay and total costs were observed between the two groups. There 
were three complications in the laparoscopic group compared with two complica-
tions in the open group. In the laparoscopic group there were 2 conversions (14%). 
Median blood loss was significantly lower in the laparoscopic group (50 mls [range 
0-750], (p=0.001) versus the open group (500 mls [range 150-750]). Furthermore, 
operation time was also significantly lower in the laparoscopic group (116 [range 
85-261] minutes) versus the open group (165 [range 96-217] minutes, p=0.016). 
Median length of stay was 6 [range 4-11] days in group I versus 6 [range 5-13] days 
in group II (p=0.508). 
Conclusion: Costs of laparoscopic liver resections proved to be equivalent to open 
surgery. Furthermore, implementation of a laparoscopic liver resection programme 
seems feasible and safe with reduced blood loss and operation time and compara-
ble morbidity and length of stay. 
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INTRODUCTION 

Liver resection remains one of the few procedures where the extended use of lapa-
roscopic techniques has not found its way in everyday practice yet. Several interna-
tional hospitals have reported their series of laparoscopic liver resections.1-6 Al-
though laparoscopic liver resections are gaining popularity world wide, the experi-
ence in the Netherlands is still limited. Several studies have reported the feasibility 
and safety of laparoscopic resections for liver tumours in centres with extensive 
experience in both hepatobiliary surgery and laparoscopic surgery.1-6 The evidence 
is mostly based on case-series and shows a technique that is reproducible with 
limited morbidity and mortality. A consensus statement was published on laparo-
scopic liver resections by Buell J et al7 which makes one of its conclusions that re-
section of segments 2 and 3 by laparoscopic approach should be the standard of 
care. However, implementation of new techniques mostly coincides with expand-
ing costs, especially laparoscopic surgery where expensive, disposable tools are 
required and more operation time is needed.8-10 Worldwide, both governmental 
organisations and health insurance companies have a major influence on cost regu-
lation issues in health care. Hospital managements have budgets for Operation 
Room (OR) cost and often surgeons are required to make business plans before 
introducing new techniques. In contrast to many feasibility studies on laparoscopic 
liver surgery, there is scarce evidence about the cost analysis of this surgical ap-
proach. Therefore, the present study was conducted to assess the costs of intro-
ducing a laparoscopic liver surgery programme for left sided lesions.  

METHODS 

The study describes the first consecutive group of patients undergoing laparoscopic 
liver resections for solid liver lesions in Maastricht University Medical Centre in the 
years 2003 to 2008. This group of patients was compared with a group of patients 
undergoing the same type of liver resection as an open procedure in a period from 
2001 to 2008. Fourteen patients underwent a laparoscopic approach for left lateral 
resection (group I) and fourteen patients were included in the open group (group 
II). Preoperative assessment consisted of liver function tests, preoperative radio-
logical evaluation with abdominal ultrasonography, contrast enhanced Computed 
Tomography (CT) and/or selectively Magnetic Resonance Imaging (MRI) scanning 
and/or CT PET scanning and multi-disciplinary consensus regarding treatment. All 
lesions smaller than 10 cm in diameter and limited to the left lateral liver segments 
were included. Indications for surgery included presumed benign and malignant 
liver lesions. The indications for resection were not altered for the minimally inva-
sive group. For patients with presumed benign disease, the indications were pres-
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ence of symptoms, suspicion of a hepatocellular adenoma or cystadenoma or in 
cases of uncertain nature of the tumour. Indications for liver metastases were syn-
chronous or metachronous liver tumours from colorectal malignancies. Patients 
were informed about the operative procedure and consent was obtained. 

Primary outcomes were costs. Secondary outcomes were complications, con-
versions, blood loss, length of operation, and length of stay. Complications were 
defined according to the grading system of Dindo et al.11 

Unit costs and costs of disposable surgical instruments were obtained retro-
spectively from the Financial Controller of the Department of Surgery. Costs of 
ward stay were €225/full day (first day €55 extra). This was based on rates from 
2007 onwards. Costs of theatre use were divided into an hourly rate for surgery 
and for anaesthesia, which were respectively €190/h and €560/h. Costs of dispos-
able surgical instruments were as follows: CUSA (Valleylab, Boulder, Colorado, USA) 
dissecting device €622, Argon plasma coagulator (hand piece) (Bircher Ind., Ltd., 
Englewood, Colo.USA) €850, Autosuture EndoGIA (Covidien, USA) €256 (reload 
cartridge €144), Ethicon Ultracision Harmonic ACE (Ethicon Endosurgery, Johnson & 
Johnson, USA) €567, Autosuture ENDOBAG (Endocatch Autosuture, Covidien, USA) 
€99, 5-12 mm trocar (Versaport Autosuture, Covidien, USA) €73 and 15 mm trocar 
(Versaport Autosuture, Covidien, USA) €126. Costs of TachoSil (Nycomed, Zurich, 
Switzerland) and Tissuecoll (Baxter, Vienna, Austria) for haemostasis were €315 
and €547 per application, respectively. The number of disposable instruments be-
ing used per operation was analysed. After surgery all patients went to the recov-
ery ward for the first 24 hours. The costs of the recovery ward were equal to the 
general ward. Costs of sterilising of reusable instruments were considered to be 
equal since almost the same numbers of reusable devices are used for both proce-
dures in our hospital setting. Main endpoints for the cost comparison were costs of 
theatre usage, disposable surgical instruments and ward stay. 

Clinical data were obtained retrospectively from a prospectively collected da-
tabase. During the selection process, the investigators were unaware of the pri-
mary outcome and careful matching was assessed to have similar complexity of 
procedures and tumour diameter in both groups (table 1). The groups were 
matched for type of resection and for tumour location and size. The following data 
were recorded: operation time, blood loss, post-operative complications, histology 
of the resected liver specimen with diameter of the lesions, resection margins, and 
hospital length of stay. During the introduction of the laparoscopic liver surgery 
programme, a multimodal perioperative enhanced recovery programme (ERAS®) 
was instituted for all patients undergoing liver surgery in the MUMC and this was 
also recorded as a parameter. 
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Table 1. Clinical and Pathological features.  

 Group I 
Laparoscopic resection 
(n = 14) 

Group II 
open resection 
(n =14) 

p-value 

Sex ratio, M / F 3/11 9/5 0.054 
Age median (range) 54 (26-82) 64 (29-76) 0.579 
ASA 1 4 2  
ASA 2 8 8 0.529 
ASA 3 2 4  
Malignant/benign  5/9 10/4 0.128 
Tumour size in cm, median (range) 4.1 (1.0-10.5) 2.5 (1.2-10.5) 0.408 
Resection margins (R0/R1/R2/NR*) 12/1/1 11/1/1/1 >0.999 
Traditional care / ERAS® 3/11 7/7 0.236 

No statistical significant differences were observed between both groups. * NR = not reported.  

 
All patients were carefully followed after discharge according to the MUMC liver 
surgery protocol: patients were followed periodically in the first, third, sixth and 
twelfth postoperative months in the first year and at least twice a year thereafter. 
The follow-up procedure included physical examination, laboratory tests, ultra-
sonography of the abdomen, and CT scanning in cases where this was considered 
necessary.  

Surgical technique  

The laparoscopic procedures were performed by two consultant surgeons; one 
expert in hepatobiliary surgery and one with specific expertise in advanced laparo-
scopic surgery. Prior to the first liver resections, surgeons visited expert centres in 
laparoscopic liver surgery outside the Netherlands. Liver resections were defined 
according to anatomical planes (Couinaud’s classification). Only lesions in the left 
lateral segments requiring anatomical resection of segment II and III were included 
in the laparoscopic resection group. In the laparoscopic approach group, patients 
were placed in the supine position under general anaesthesia, with lower extremi-
ties apart.6 The surgeon was standing between the legs with an assistant on each 
side. An open introduction of the subumbilical port was used to produce the CO2 
pneumoperitoneum. Abdominal pressure was monitored at 10-12 mmHg and a 300 
laparoscope was used in all cases. Four extra trocars were placed to facilitate the 
procedure.6 The liver was inspected visually and laparoscopic-ultrasound was used 
in all cases to confirm the number of lesions in relation to the main anatomical 
structures. The round, falciform and left triangular ligaments and the lesser omen-
tum were divided. Hepatic transection of parenchyma and minor crossing vessels 
and biliary radicals was performed with harmonic scalpel (Ultracision, Ethicon En-
dosurgery, Johnson & Johnson, USA) without the use of a clamping method (Prin-
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gle’s manoeuvre). The parenchyma transection with this device is reported to be 
sufficient for vascular and biliary structures up to 3 mm.6 The portal pedicles and 
hepatic veins were stapled using a vascular stapler (EndoGIA Autosuture, Covidien, 
USA). Resected specimens were placed in a plastic bag (Endocatch Autosuture, 
Covidien, USA) and removed through a separate suprapubic incision or, in cases 
where a laparotomy had been performed in the past, through a small subumbilical 
or subcostal incision. No hand-access devices were used for the laparoscopic ap-
proach.  

For the open approach, a bilateral subcostal incision was mostly used to enter 
the abdomen. After abdominal exploration in search of extrahepatic disease, the 
round, falciform and left triangular ligaments and the lesser omentum were di-
vided. The liver was inspected visually and intra operative ultrasound was per-
formed in all cases to confirm the number of lesions in relation to the main ana-
tomical structures. Hepatic transection of parenchyma was done using the Cavitron 
Ultrasonic Surgical Aspirator (CUSA®; Valleylab, Boulder, Colorado, USA) and argon 
beam coagulator (Bircher Ind., Ltd., Englewood, Colo.USA) with or without the use 
of Pringle’s manoeuvre. Minor crossing vessels and biliary radicals were divided 
using polypropylene sutures or clips. The portal pedicles and hepatic veins were 
divided and ligated with a running polypropylene suture. After removal of the liver 
specimen, the raw surface of the liver remnant was subjected to argon beam co-
agulation and sealed with TachoSil® (Nycomed, Zurich, Switzerland) or Tissuecoll 
(Baxter, Vienna, Austria) if appropriate.12  

Statistial analysis  

Continuous variables were expressed as median (range). Statistical analysis of cost 
comparison was performed using a Mann Whitney U Test, since the groups were 
small and a non-normal distribution in both groups was assumed. Costs were ex 
pressed as mean (± SD), to be able to compare the results from this cost analysis 
with other studies. Data were analysed according to the intention to treat principle. 
The Chi-square test (or Fisher exact test where appropriate) was used to investi-
gate differences in demographic parameters: sex, ASA classification, pathology, 
resection margins, perioperative care programme and the primary outcome pa-
rameter complications. Mann-Whitney U Test was used to investigate differences 
in age, tumour diameter, duration of operation (min.), blood loss (mls) and hospital 
length of stay (days). A p-value of ≤ 0.05 was considered to indicate statistical sig-
nificance. SPSS statistical software (version 15.0, Chicago, Illinois, U.S.A.) was used 
for the analysis.  
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RESULTS  

The laparoscopic approach for left lateral resection (bisegmentectomy 2 and 3) was 
performed in fourteen patients and completed laparoscopically in twelve patients 
(table 1). In the open group, fourteen patients were included (group II). Demo-
graphics of both groups are reported in table 1. There were no significant differ-
ences in sex, age, ASA classification, benign lesions, tumour size, resection margins 
and perioperative care programme. 

Costs of theatre use were significantly higher in the open group (table 2). The 
costs of disposable surgical instruments were on average €206 per patient lower 
for laparoscopic surgery. No significant differences were observed in ward stay. 
Overall, total costs tended to be on average €611 per patient lower in the laparo-
scopic group, but this failed to attain statistical significance (table 2).  
 
Table 2. Primary outcome: Cost analysis using the Mann-Whitney U Test.  

 Group I 
Laparoscopic 
(n=14) 

Group II 
Open 
(n=14) 

Difference p-value 

Theatre usage (mean ± SD) € 2530 ± 619 € 2984 ± 662 - € 453 0.031 
Disposable instruments (mean ± SD) € 1760 ± 406 € 1966 ± 281 - € 206 0.145 (n.s.) 
Ward stay (mean ± SD)  € 1678 ± 425 € 1630 ± 499 + € 48 0.508 (n.s.) 
Total (mean ± SD)  € 5969 ± 1112 € 6580 ± 922 - € 611 0.062 (n.s.) 

 
There was one grade I complication and two grade II complications in the laparo-
scopic group (table 3). One patient remained longer in hospital due to constipation, 
one patient had a urinary tract infection and another patient was treated for atrial 
fibrillation. In the open group there was one grade I complication and also one 
grade II complication. One patient had a delayed functioning of the gastrointestinal 
tract and one patient was treated for a myocardial infarction. Respectively, eleven 
and twelve patients in each group had an uneventful recovery. The two conver-
sions (14%) were due to tumour size, additional unanticipated lesions and close 
relation with the left liver vein. One patient appeared to also have a lesion in seg-
ment IV and the exposure was considered insufficient to perform a safe resection. 
The second conversion was performed because of the close relation to the left 
hepatic vein, large diameter of the lesion and uncertain nature of the tumour. Me-
dian blood loss was significantly higher in the open group than in the laparoscopic 
group (p < 0.001). Duration of operation was also significantly reduced in the lapa-
roscopic group (p = 0.012). The data on secondary outcomes are presented in table 
3. There were no deaths within 30 days after surgery.  
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Table 3. Secondary outcomes.  

 Group I 
Laparoscopic resection 
(n = 14) 

Group II 
Open resection 
(n = 14) 

 
p-value 

Primary outcome    
 Complications (grade) 3(I, II) 2 (I, II) >0.999 
Secondary outcome (medain)    
 Conversions 2 (14%)   
 Blood loss (ml) 50 [range 0-750] 500 [range 150-750] 0.001 
 Operation time (minutes) 116 [range 85-261] 165 [range 96-217]  0.012 
 Length of stay (days) 6 [range 4-11]  6 [range 5-13] 0.508 

 
In the laparoscopic group there were 9 benign lesions and 6 malignant tumours (5 
patients). The median tumour size was 4.1 [range 1-10.5] cm (table 1). In this 
group, there were three adenomas, three focal nodular hyperplasia (FNH), an angi-
olipoma, a hemangioma, a presumed metastases, which proved to be an inflamma-
tory pseudotumor after chemotherapy and 6 metastases of colorectal origin. All 
but one resection margins were free of disease; the R2 resection was found in a 
resected specimen of an adenoma. In the open group, there were six benign lesions 
(two adenomas, FNH, polycystic liver disease, inflammatory granuloma, and focal 
hemorrhage; the latter two in patients with malignant disease) and 10 malignant 
tumours in eight patients (mostly colorectal metastases, and one sarcoma) with a 
median tumour size of 2.5 [range 1.2 -10.5] cm (table 1). In all but one patients, an 
R0 resection was performed.  

In group I, there were no late complications specifically related to the laparo-
scopic procedure within a median follow-up of 43 [range 12-97] months. No port-
site metastases were detected in this group. However, 5 patients died during fol-
low-up after 12 (n=2), 27, 32 and 37 months. Causes of death of these patients 
were cancer related; all patients died due to progressive metastastic disease. Con-
cerning the late complications in the open group, there were two symptomatic 
incisional hernias within the median follow-up of 60 [range 11-128] months. In the 
open group, six patients died during follow-up after 11(n=2), 14, 28, 39 and 87 
months. All but one of these patients died with progressive metastastic disease. 
One patient died due to a cancer unrelated cause. 

DISCUSSION 

Laparoscopic surgery is considered to be more expensive compared to open proce-
dures, especially because most laparoscopic procedures need more operating time 
and more disposable devices than their open counterparts.8-10 Although periopera-
tive outcome remains the surgeon’s main focus, the costs of the procedure should 
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also be accounted for when deciding between a laparoscopic or open approach. 
The use of disposable surgical instruments and prolonged operation room-usage 
consequently may lead to an increase in costs. We therefore performed a cost 
analysis, calculating the costs of laparoscopic and open liver resections. The results 
of this cost analysis shows that, apart from significantly lower costs of theatre us-
age in the laparoscopic group, no statistically significant differences in costs of 
disposable instruments, ward stay and total costs were observed between the 
laparoscopic and open group.  

The present results are favourably comparable with a recent study on this sub-
ject, where no differences were found in operation time and costs.13 Other reports 
showed that the total costs for laparoscopic surgery were significantly lower.14,15 In 
these studies, a considerable difference was seen in hospital days, which conse-
quently led to lower costs in the laparoscopic groups. In the present study no dif-
ference in length of hospital stay was observed between both groups. Moreover, 
both CUSA and argon beam coagulator are used in the MUMC for the open resec-
tions which leads to considerable costs of disposables, in contrast to the laparo-
scopic approach where only the harmonic scalpel is used for the liver transection.  

This study confirms previous reports in the literature that the introduction of a 
new technique such as laparoscopic resection of solid liver tumours in segment II 
and III is feasible and safe. It was suggested that laparoscopy is a safe approach in a 
selected group of patients with reduced blood loss and reduced morbidity.5,16-20 To 
date in the era of evidence based medicine, however, there is scarce high-level 
evidence that properly compares laparoscopic liver resection and open hepatic 
resection. There are no randomised studies available to confirm the observations in 
the prospective and retrospective studies hitherto reported. Some prospective 
case-series studies have been published with similar conclusions of reduced blood 
loss and morbidity.14,18,21 However, apart from the previously mentioned advan-
tages, most investigators observed a longer operation time and have postulated 
increased costs of laparoscopic surgery.  

In the present attempt to study the effects of laparoscopic liver surgery in a 
comparative setting, we observed a faster resection, less intra-operative blood loss 
with comparable morbidity, both in the short and long term. The reduced blood 
loss might be caused by the raised intra-abdominal pressure of the pneumoperito-
neum which is necessary for the laparoscopic approach. This may result in a tam-
ponade of low-pressure venous oozing during the procedure, as previously sug-
gested by others.13 Also, different transection devices during the procedure might 
also reduce the need for prolene stitches and haemostatic clips which in some 
cases can be time consuming. In this study of initial experience of laparoscopic 
hepatic resections, the conversion rate of 14% was in concordance with previous 
reports of 1-26%.1-4,6,16 Both conversions were performed after the use of laparo-
scopic ultrasound to determine whether a safe resection was possible. This study 



Chapter 9 

 156 

was not designed for long-term outcome; but no long-term complications were 
observed in the laparoscopic group in contrast with two symptomatic incisional 
hernias in the open group.  

It is interesting to observe that there were no significant differences in hospital 
stay between the open and laparoscopic approach. Striking is the relatively long 
stay in hospital for the laparoscopic procedures. This was previously also observed 
for colonic resections before and after the start of a perioperative multimodal fast 
track setting (Enhanced Recovery After Surgery; ERAS®).22 Although in this recent 
study predefined discharge criteria were assessed, almost 90% of the ERAS patients 
were not going home on the day the discharge criteria were actually met. After 
careful investigation for valid reasons of prolonged stay, 69% of this extended hos-
pital stay was labelled as inappropriate. Only a minority was rated as medically 
necessary. Similar observations of prolonged length of stay after the discharge 
criteria are fulfilled, were also reported in the first study on fast track laparoscopic 
liver surgery.23 

The oncologic principle outweighs the assumed benefits of the laparoscopic 
technique such as rapid recovery, short postoperative stay and cosmetic aspect. 
Improvement of overall survival remains the ultimate goal for resection of liver 
metastases and should not be compromised for the functional postoperative ad-
vantages of the minimally invasive approach. Radical resection, tumour free mar-
gins and the ‘no touch’ technique are mandatory.2,24 This is effectuated with the 
use of extraction site protections and endo-bags for the specimens. Also, intra-
operative ultrasound is reported to be one of the most important factors to reduce 
positive resection margins and it helps avoiding injury to deeply seated lesions.2 
This can be performed laparoscopically to improve outcome1,25 and its routine use 
should be advocated.2 An additional advantage of the laparoscopic approach in 
combination with the laparoscopic ultrasound is the avoidance of unnecessary 
exploratory laparotomy in cases with peritoneal metastases or otherwise irre-
sectable disease.26-28 

Results of long term follow up amongst others in patients with cancer are re-
quired to determine the exact place of laparoscopic liver resection in treating pa-
tients with solid liver tumours. The data from other studies on laparoscopically 
resected liver tumours show no difference in oncologic clearance and similar over-
all and disease free survival rates as in open surgery.1,29,30 Laparoscopic liver resec-
tions proved to be faster, which is remarkable to some extent as most laparoscopic 
procedures require more time than their open counterparts. The reasons for this 
are speculative but may relate to the use of different equipment. This may be a 
valid subject for a randomised controlled trial. 

The indication for laparoscopic liver resection should not be different from an 
open resection: benign abnormalities as symptomatic liver cysts, hepatocellular 
adenoma, symptomatic focal nodular hyperplasia, symptomatic haemangioma and 
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malignancies such as hepatocellular carcinomas (HCC) and liver metastases.1,2,5,7 In 
this study, the preoperative indications for the minimally invasive technique were 
malignancy, symptomatic benign solid lesion or uncertain nature of the tumour 
requiring excision. The choice for the open or laparoscopic approach is mainly de-
termined by the size and location of the lesion and the experience of the surgical 
team.  

Conclusions 

The introduction of the laparoscopic technique for left lateral hepatic lesions is 
equivalent to the open technique with regard to total costs and is safe, feasible, 
and can be used for diagnosis, preoperative staging and finally resection. The indi-
cation for operating benign lesions should not be changed, however, the benefits 
of the laparoscopic technique especially nominate the use in a selected group of 
patients with symptomatic benign lesions, uncertain diagnosis or suitable hepatic 
locations of malignancies.  
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ABSTRACT 

Background: This study was conducted to evaluate the added value of an Enhanced 
Recovery After Surgery (ERAS) programme for laparoscopic liver resections for solid 
tumours.  
Methods: Patients undergoing laparoscopic liver resection between July 2005 to 
July 2008 were included. Indications for resections included presumed benign and 
malignant liver lesions. Primary outcome was total length of hospital stay (LOS). 
Secondary outcomes were functional recovery, complications, conversions, blood 
loss and duration of operation.  
Results: Thirteen patients were treated by laparoscopic liver resections in the ERAS 
programme in one centre (group 1). These were compared with thirteen laparo-
scopic procedures performed either before introduction of the ERAS programme 
from 2003-2005 in that centre or in the same era in other centres with traditional 
care (group 2). Median total LOS was 5.0 days [range 3-10 days] in group 1 versus 
7.0 days [3-12 days] in group 2. This difference was not statistically significant. 
Functional recovery occurred two days earlier in group 1 (median 3.0 days [1-7 
days] versus 5.0 days [2-8 days], P<0.044). There were no significant differences in 
complications, conversions or duration of operation. Blood loss was significantly 
less in the ERAS group (median 50 ml [range 50-200 ml] vs. median 250 ml. [range 
50-800 ml], P<0.002).  
Conclusions: This exploratory, multicentre, fast-track laparoscopic liver resection 
study is the first such study conducted. Although small, the study suggests that a 
multimodal enhanced recovery programme for laparoscopic liver surgery is feasi-
ble, safe and may lead to accelerated functional recovery and reduction in LOS. 
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INTRODUCTION 

Laparoscopic surgical procedures have been popularized because they allow for 
rapid recovery, shorter postoperative hospital stays and improved cosmetic out-
comes. In gastrointestinal surgery, the minimally invasive approach is extensively 
used in many operations and has become the gold standard for some of these pro-
cedures, such as cholecystectomy and adrenalectomy.1,2 For solid tumours in the 
liver, the laparoscopic technique is used more and more frequently in expert cen-
tres and the results, mostly from cohort studies, suggest benefits, notably in terms 
of shorter postoperative stays.3 With respect to improved recovery and outcome, a 
multimodal enhanced recovery after surgery (ERAS) programme has recently 
shown promising results in many open elective colorectal operations , as well as in 
liver surgery.4,5 This multimodal recovery programme is evidence based and com-
bines several interventions in perioperative care to reduce the stress response and 
organ dysfunction with a focus on enhancing recovery.5,6 The key elements of this 
protocol include the provision of preoperative counselling, perioperative intrave-
nous (i.v.) fluid restriction, optimal pain relief, preferably without the use of opioid 
analgesia, early oral nutrition and enforced mobilisation, and the absence of na-
sogastric tubes and drains.6-8 In other fields of elective surgery, similar programmes 
have been shown to reduce hospital stay by several days.9,10 However, to our 
knowledge, the added value of a fast-track ERAS programme in laparoscopic liver 
surgery has hitherto not been explored. At the Maastricht University Medical Cen-
tre (MUMC), the ERAS programme for liver surgery started 2 years after the laparo-
scopic programme for left lateral sectionectomies. Therefore, a pilot study was 
conducted to find out whether the ERAS programme was feasible and safe and 
whether it improved recovery in the laparoscopic setting for liver surgery. 

METHODS 

Patients undergoing laparoscopic liver resections for solid liver tumours between 
July 2003 and July 2008 were enrolled in the study. Preoperative assessment con-
sisted of standard plasma liver function tests, preoperative radiological evaluation 
with abdominal ultrasonography, contrast-enhanced computed tomography (CT) 
and/or selective magnetic resonance imaging (MRI) scanning and/or CT-positron 
emission tomography (CT-PET). Multidisciplinary consent was also required. All 
lesions <10 cm in diameter and judged amenable to laparoscopic resection were 
included (left lateral sectionectomy or antero lateral small lesions of the right side 
of the liver). All but one lesion were limited to lateral liver segments (II, III, V, VI). 
One lesion was located centrally in segment IV. Indications for surgery included 
presumed benign and malignant liver lesions. For patients with presumed benign 
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disease, the indications were suspicion of a hepatocellular adenoma or cystade-
noma or, in case where the nature of the tumour was uncertain, the presence of 
symptoms and risk of bleeding. Indications for liver metastases were synchronous 
or metachronous liver tumours from colorectal malignancies. Patients were in-
formed about the operative procedure and consent was obtained.  

The ERAS perioperative programme was instituted in the surgical unit in Maas-
tricht at the beginning of 2002, initially for patients undergoing elective colonic 
resections.11 The protocol for this multimodal, evidence-based, enhanced recovery 
programme for colonic surgery requires extensive preoperative counselling, no 
premedication, no preoperative fasting but carbohydrate containing liquids until 2 
hours before surgery, mid-thoracic epidural anaesthesia and short-acting anaes-
thetics, perioperative oxygen supplementation, avoidance of perioperative fluid 
overload, non-opoid pain management, no routine use of nasogastric tubes, early 
removal of bladder catheters, standard laxatives and prokinetics, and early and 
enhanced postoperative feeding and mobilization.5,11 This protocol was modified in 
the year 2005 to cover all aspects of liver surgery, including laboratory liver func-
tion tests, and to avoid excessive fluids (preoperative and peroperative central 
venous pressure [CVP] < 5mmHg).4  
 
Until May 2005, traditional care was given before, during and after liver surgery. 
Therefore, the 5-year period during which laparoscopic liver surgery for solid tu-
mours has been performed at MUMC was divided into two periods, representing 
the 2 years before the ERAS programme was implemented and the 3 years imme-
diately following its implementation. As the numbers of patients in the MUMC 
control group (patients undergoing surgery with traditional perioperative care) was 
too small to allow us to draw firm conclusions, other major liver centres in the 
Netherlands, which were not familiar with the ERAS programme and which applied 
a traditional care protocol were contacted in order to enroll additional laparoscopic 
liver resection patients. These included the Academical Medical Centre (AMC), 
Amsterdam; the University Medical Centre Utrecht (UMCU), Utrecht and the Uni-
versity Medical Centre Groningen (UMCG), Groningen.  
 
The following recovery data were defined (and patients were considered function-
ally recovered when all criteria were met): normal or decreasing serum bilirubin; 
good pain control on oral analgesics only; absence of i.v. fluids and tolerance of 
solid food, and mobilization to preoperative level.4,8 Patients were considered fit 
for discharge, or functionally recovered, on the postoperative day when all four 
criteria were met. Patients were discharged if all four criteria were met and if they 
were willing to go home.4 A discharge that occurred later than functional recovery 
was defined as a delayed discharge.  
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Primary outcome was total length of hospital stay (LOS), defined as the number of 
nights spent in hospital after surgery, including nights after readmission within 90 
days of surgery. Secondary outcomes were functional recovery, complications, 
conversions, blood loss, and length of operation. In addition, the following data 
were recorded: preoperative indication(s) for surgery; perioperative blood transfu-
sions; use of nasogastric tubes; use of drains; restart of oral fluids; restart of oral 
solid food; histology of the resected liver specimen, and diameter of the lesions 
and resection margins.  

Complications were defined according to the grading system by Clavien et al.12 
Grade I complications are generally non-life-threatening complications without 
lasting disability. Grade II are potentially life-threatening, but without residual dis-
ability. Grade III complications involve residual disability, including organ resections 
or persistence of life-threatening conditions. Grade IV complications refer to deaths 
as a result of complications. 
 
All laparoscopic hepatic resections were performed by two consultant surgeons, 
one expert in hepatobiliary surgery and one with specific expertise in advanced 
laparoscopic surgery. Patients were placed in the ‘French’ position (supine position 
with both legs apart) under general anesthesia. The surgeon stood between the 
legs with an assistant on each side.13 Liver resections were defined according to 
anatomical planes (Couinaud’s classification). An open introduction of the subum-
bilical port was used to produce the CO2 pneumoperitoneum. In all cases, a 300 
laparoscope was used and the abdominal pressure was monitored and maintained 
at 12-14 mmHg. Three to four extra trocars were placed in a semi-circle, slightly 
higher and paramedian of the umbilical trocar, to facilitate the procedure.13 Inspec-
tion of the liver was performed both visually and with laparoscopic-ultrasound in 
order to confirm the number of lesions in relation to main anatomical structures. 
The falciform, left triangular ligament and the lesser omentum were divided. He-
patic transection of parenchyma and minor crossing vessels and biliary radicals was 
performed with harmonic scalpel (Ultracision; Ethicon Endo-Surgery, Johnson & 
Johnson, Piscataway, NJ, USA). A vascular stapler (EndoGIA; Covidien Surgical De-
vices, New Haven, CT, USA) was used to divide the portal pedicles and hepatic 
veins. Resected specimens were placed in a plastic bag (Endocatch; Covidien Surgi-
cal Devices) and removed through a separate, preferably suprapubic incision. In 
cases where a laparotomy had been performed in the past, a small subumbilical 
incision was made for retrieval of the specimen. 

Statistical analysis  

Continuous variables are expressed as median (range). Age, tumour diameter, hos-
pital stay, functional recovery, delay in discharge, blood loss and duration of sur-
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gery were analysed using the Mann-Whitney U-test. Sex, American Society of Anes-
thesiology (ASA) classification, indication for surgery, type of resection, liver pa-
thology, complications, conversions, intake of fluid and solid food and the use of 
nasogastric tubes and drains were analysed using the Chi-square or Fisher’s exact 
test as appropriate. A P-value < 0.05 was considered to be statistically significant. 
Data were analysed using spss® version 13.0 for Windows® (SPSS, Inc.,Chicago, IL, 
USA). 

RESULTS 

A total of 26 patients were treated by laparoscopic liver resection during the 5- 
year period in the four participating hospitals. Thirteen patients were treated by 
laparoscopic liver resections (left lateral sectionectomy (II, III) or segmentectomy 
(IV, V, VI) under the ERAS programme (group 1). All of these were operated at a 
single centre (Maastricht UMC). Thirteen patients were operated in traditional 
perioperative care setting in the four participating hospitals during the same period 
(group 2). Three laparoscopic procedures were performed at MUMC from 2003-
2005 before the ERAS programme was instituted. Ten patients were operated lapa-
roscopically in a traditional perioperative care setting in the AMC (n = 4), UMCU (n 
= 2) and UMCG (n = 4). 

Demographics and clinical data are reported in table 1. Median total LOS was 
reduced by two days in the ERAS group, but this difference did not attain statistical 
significance (table 2). There were no readmissions in either group. There were two 
minor complications (grade I) in the ERAS group and two (grade I) in the traditional 
care group. In group 1, one patient had a urinary tract infection, which was treated 
by antibiotics, and another had constipation and remained in hospital longer. In 
group 2, one patient was treated for a hypokalaemia and another for atrial fibrilla-
tion. There were no deaths. The rate of conversions was similar in both groups 
(table 2). In group 2 (traditional care), conversion occured because of a pre-
operatively undetected lesion in segment IV in one patient and suboptimal visuali-
zation in another. The conversions in the ERAS group occured because of the un-
certain nature and size of the lesion and its proximity to the left liver vein in one 
patient and because of suboptimal visualization in another. Blood loss was signifi-
cantly less in the ERAS group (P< 0.002). However, there was no difference in blood 
transfusions. Only one patient from group 2 (traditional care) received two units of 
packed cell while in hospital. No significant difference was observed in the opera-
tion time. Oral fluid intake was resumed within 24 hours after surgery in almost all 
patients of the ERAS group, as well as in the traditional care group [median 1 day 
(range 0-2 days) vs. median 1 day (range 0-6 days), respectively; P = 0.861]. The 
median time to successful resumption of normal diet was 1 day (range 1-2 days) in 
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the ERAS group, compared with 2 days (range 1-6 days) in the controls (P = 0.223). 
Nasogastric decompression tubes were not used after surgery in the ERAS group. In 
the control group, nasogastric tubes were in place after surgery in five of 13 pa-
tients for 1-5 days (P = 0.257). This included two reinsertions because of delayed 
gastrointestinal function on day 1. In the ERAS group, no drains were used after 
surgery. In the control group, six patients received a drain, which was removed 2-4 
days after surgery (P = 0.015). 
 
Table 1. Clinical and pathological features.  

 Group I  
ERAS programme 
(n = 13) 

Group II  
Traditional care  
(n =13) 

 
P-value 

Age (years) a 55 [34- 82] 45 [26 – 70] 0.104 b 
ASA score I / II / III / IV 3 / 9 / 1 / 0 6 / 6 / 1 / 0 0.688 
Patient sex, M / F 3 / 10 2 / 11 1.0 
Indication for surgery: malignant / benign 8 / 5 3 / 10 0.111 
Types of liver resection    
 Left lateral sectionectomy 9 9  
 Monosegmentectomy (or metastasectomy) 3 3 0 
 Multiple segmentectomy (≥2 segments) 1 1  
Liver Pathology: malignant / benign 5 / 8 2 / 11 0.160 
Tumour size (cm) a 4.1 [1-10.5] 6.0 [1.4 – 8] 0.765 b 
a Continuous variables are expressed as median [range].  
P-values by Fisher’s exact test, except b Mann-Whitney U test. 
ERAS, Enhanced Recovery After Surgery; ASA, American Society of Anaesthesiologists; M, male; F, fe-
male 

 
Table 2. Primary and secondary outcomes. No readmission were recorded in either groups. 

 Group I  
ERAS programme 
(n = 13)  

Group II 
Traditional care 
(n = 13) 

 
P-value 

Primary outcome    
 Total LOS (days)a 5.0 [3-10] 7.0 [3-12] 0.305b 
Secondary outcomes    
 Functional Recovery (days)a 3 [1-7] 5 [2-8] 0.044b 
 Complications (grade) 2 (I) 2 (I) 1.0 
 Conversions 2 2 1.0 
 Blood loss (ml)a 50 [50-200] 250 [50-800] 0.002b 
 Operation time (min.)a 118 [85-192] 180 [51-340] 0.293b 
a Continuous variables are expressed as median [range]. 
P-values by Fisher’s exact test, except b Mann-Whitney U test. 
ERAS, Enhanced Recovery After Surgery; LOS, length of stay 
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In both groups, functional recovery was achieved a median of 2 days earlier than 
actual discharge. In the ERAS group, patients met the discharge criteria on median 
postoperative day 3 (range 1-7 days), compared with the traditional care group, 
which met the discharge criteria on median postoperative day 5 (range 2-8 days). 
The difference between the groups in functional recovery proved to be statistically 
significant (P < 0.044), as did the difference in delay in discharge (P < 0.032).  

In group 1, resected specimens included two hepatocellular adenomas, two fo-
cal nodular hyperplasias (FNHs), an angiomyolipoma, a haemangioma, a presumed 
metastases which proved to be an inflammatory pseudotumour after chemother-
apy, an intra-hepatic accessory gallbladder with inflammation, a hepatocellular 
carcinoma and four metastases of colorectal origin. Resection margins were free of 
disease in 12 cases; one resected adenoma extended to the resection margin. In 
group 2, resected specimens included three adenomas, six FNHs and two haeman-
giomas and, in two patients, three metastases of colorectal origin. Resection mar-
gins were free of disease in eight patients, were not reported (benign tumour) in 
four and involved a haemangioma in the resection surface in one.  

No late complications were recorded in group 1 during the follow-up period 
(median 3 months, range 1-23 months). In the follow-up period (median 6 months, 
range 1-27months) in group 2, one patient developed colorectal metastases in the 
lungs and liver (segments VI and VII) and simultaneous acute myeloid leukemia. No 
palliative chemotherapy was given to this patient because of his clinical condition 
and he died 12 months postoperatively.  

DISCUSSION 

This study investigated the added value of an enhanced recovery programme in 
laparoscopic liver surgery. To the best of our knowledge, this represents the first 
such study ever conducted (although it is only a small pilot study). The results sug-
gest that initiation of a multimodal enhanced recovery programme in laparoscopic 
liver surgery is feasible. It also shows that it is safe to implement an evidence-based 
enhanced recovery programme, as there were only two minor complications in the 
ERAS group and two conversions in each group. The difference in median LOS of 
two days did not attain significance, but this probably reflects the small number of 
patients in this study. Importantly, the current study provides evidence that an 
enhanced recovery programme is associated with expedited functional recovery. 
Patients in the laparoscopic ERAS group fulfilled discharge criteria 2 days earlier 
than control patients.  

Patients in the enhanced recovery group had less blood loss. This may have re-
sulted from the implementation of the ERAS protocol, which prescribes a low CVP 
and the avoidance of excessive perioperative fluids. However, although this out-
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come is significant, it remains unclear whether it is resulted solely from the imple-
mentation of ERAS. This difference in blood loss may also have been clouded by the 
learning curve effect because the patients operated in group 2 (traditional care) 
were the first patients to be treated laparoscopically in the participating centres.  

Most authors recommended that laparoscopic procedures on liver resections 
of solid tumours preferably begin with the left lateral segments or anterolateral 
small lesions of the right side.13,14 Tumours of the left lateral side, particularly be-
nign tumours, constitute only a small fraction of the minor resections in most units. 
This is probably one of the reasons for the small number of patients in this pilot 
study. It was also considered unethical to prospectively compare effects in an in-
tervention (ERAS) group with effects in a control group recieving traditional care in 
Maastricht,because the ERAS protocol includes several evidence-based care ele-
ments aimed reducing surgical stress and postoperative catabolism.6-8  

Studies on colorectal laparoscopy and fast-track programmes have shown con-
flicting results regarding the additional outcomes of minimally invasive surgery 
performed within a perioperative ERAS programme. In a single-centre study, the 
laparoscopic approach seemed to improve the outcome in terms of LOS, whereas 
other studies, including a randomised controlled trial, showed no additional effect 
of laparoscopy on length of stay.15-17 Therefore, it has been suggested that there is 
a need for further randomised trials to evaluate the additional effect of laparo-
scopy within fast track recovery programmes in colorectal surgery.5,15,16 At present, 
there is only limited evidence available about the effects on LOS of a multimodal, 
fast-track setting in liver surgery.4  

In the current study, a difference between the date of functional recovery of 
patients undergoing a liver resection and the day of actual discharge was observed, 
as we previously reported in a colonic ERAS programme.11 A significant difference 
of a median of 2 days in time to full functional recovery was observed between the 
ERAS-treated group and the traditional care group. It is remarkable that, despite 
the preoperative counselling in the ERAS programme, a difference between func-
tional recovery and actual day of discharge was still observed. This implies that the 
difference in LOS may be even more pronounced if patients do actually go home as 
soon as they are functionally recovered according to predefined criteria.8,11 Delay in 
discharge and the presence of complications were associated with increased LOS. 
For future studies, functional recovery may be a better criterion with which to 
investigate differences in outcome of surgical treatments. Establishing the effect of 
ERAS programmes on outcomes in laparoscopic liver surgery in a more structured 
manner is a challenge yet to be met.  
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ABSTRACT 

Background: The objective of this study was to provide a systematic review on the 
introduction of laparoscopic liver surgery in the Netherlands, to investigate the 
initial experience with laparoscopic liver resections and to report on the current 
status of laparoscopic liver surgery in the Netherlands.  
Methods: A systematic literature search of laparoscopic liver resections in the 
Netherlands was conducted using PubMed/MEDLINE. Analysis of initial experience 
with laparoscopic liver surgery was performed by case-control comparison of pa-
tients undergoing laparoscopic left lateral sectionectomy matched with patients 
undergoing the open procedure in the Netherlands between the years 2000 to 
2008. Furthermore, a nationwide survey was conducted in 2011 on the current 
status of laparoscopic liver surgery. 
Results: The systemic review revealed only 6 Dutch reports on actual laparoscopic 
liver surgery. Matched case-control comparison showed significant differences in 
length of hospital stay, blood loss and operation time. Complications did not differ 
significantly between the two groups (26% vs. 21%). The 2011 survey showed that 
21 centres in the Netherlands performed formal liver resections and that 49 (= 5% 
of total) laparoscopic liver resections were performed in 2010.  
Conclusion: The systematic review revealed that very few laparoscopic livers were 
performed in the Netherlands in the previous millennium. The matched case-
control comparison of laparoscopic and open left lateral resection showed reduc-
tion in hospital length of stay with comparable morbidity. The laparoscopic tech-
nique has been slowly adopted in the Netherlands, but its popularity seems to 
increase in recent years. 
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INTRODUCTION 

In the past two decades, the popularity of laparoscopic surgery has grown. The 
introduction of laparoscopic cholecystectomy1,2 has led to an increasing number of 
indications for this technique and has encouraged surgeons to develop a laparo-
scopic approach for many procedures including liver resections.3 Laparoscopic liver 
resections are technically demanding and thought to be time-consuming4,5 but may 
have several important benefits for the patient compared to open liver surgery.6-8 
The putative advantages of this minimally invasive procedure include reduced 
blood loss,6,7 less postoperative pain,5,9,10 earlier recovery and shorter postopera-
tive hospital stay,5,7-12 and improved cosmetic aspects.9,12 Reoperations are re-
ported to be easier due to reduced adhesions.9-12 Also, open-close procedures with 
large incisions can be avoided when peritoneal metastases are detected at laparo-
scopy.  

In the Netherlands, the gold standard for resection of liver tumours still is the 
open approach. There is no best level of evidence (level 1) to underpin the sup-
posed major benefits of the laparoscopic approach, but the latter has been proven 
to be feasible and safe in many international expert centres. A recent consensus 
statement on laparoscopic liver resections states that resection of segments 2 and 
3 by the laparoscopic approach should be the standard if experience is available.13 

In addition, the largest reviews hitherto conducted concluded that laparoscopic 
liver surgery is feasible and safe in minor as well as major liver resections when 
performed in experienced centres.14, 15 However, randomised trials comparing the 
open and laparoscopic technique for liver resections are still lacking.  

The purpose of our study was (1) to provide a historical overview on the intro-
duction and initial experience of laparoscopic liver surgery in the Netherlands 
against the background of the latest international developments, (2) to report on 
the present state of laparoscopic liver surgery in the Netherlands, and (3) to pro-
vide insight into current and future developments of the minimally invasive liver 
resection technique within the Netherlands. To this purpose, a systematic review of 
all Dutch papers reporting on laparoscopic liver surgery was done and key leaders 
were informally approached. A matched case–control comparison was carried out 
of laparoscopic versus open liver resections in the Netherlands performed from 
2000 to 2008. Finally, recent advances made in the Dutch surgical field of laparo-
scopic hepatectomies were investigated by means of a nationwide survey. 
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METHODS 

Systematic review of laparoscopic liver surgery in the Netherlands – Past 
Experience 

An online search was performed in PubMed / Embase databases for reports of 
Dutch groups on their experience with laparoscopic liver surgery in humans. Data-
bases were searched from the earliest data available until 1 June 2011 on a combi-
nation of the following search keywords: ‘laparoscopy’, ‘liver surgery’, ‘hepatic 
surgery’, ‘hepatic resection’, ‘hepatectomy’, ‘minimally invasive liver surgery’, ‘min-
imally invasive hepatic resection’, ‘Dutch’, ‘the Netherlands’. Biliary tumours were 
excluded. Titles and abstracts were screened (E.W.L.H.) and relevant articles were 
selected. The full texts of eligible papers were retrieved to provide a historical 
overview. The reference lists of retrieved articles were reviewed for additional 
potentially relevant studies. To complete the historical picture, key leaders in gas-
trointestinal surgery were informally queried about their past experience and recol-
lection of the evolution of laparoscopic liver surgery in the Netherlands.  

Initial experience with laparoscopic liver resections and case-control comparison 
– Present State 

Patients 
All major liver centres in the Netherlands were contacted during 2008 by phone 
and/or e-mail and asked to participate in this study. Of the fourteen major HPB 
centres in the Netherlands, only seven had performed laparoscopic liver resections. 
Six of these centres agreed to collaborate. Data were obtained retrospectively from 
six separate prospectively collected databases used in these six HBP units and were 
pooled for further analysis. All patients who underwent laparoscopic left lateral 
sectionectomies of the liver in the six centres between 2000 and 2008 were in-
cluded in this multicentre study. The laparoscopic group of patients was compared 
in a case-matched comparison approach with a group of patients undergoing the 
same type of liver resection as an open procedure in that era in the participating 6 
centres in a proportion of 1:3. This approach, and the choice to only include left 
lateral sectionectomies, was done to eliminate bias as much as possible and in-
crease the external validity of the conclusions. The investigators (J.H.M.B.S and I.L.) 
were unaware of the primary outcome or secondary outcomes during the selection 
process. Patients undergoing left lateral resections in combination with colonic 
resections were excluded.  

In each unit, patients were preoperatively discussed in a multidisciplinary 
meeting, after evaluation of liver function tests and radiologic liver workup includ-
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ing abdominal ultrasonography, CT, MRI and/or CT-PET scan. Patients with benign 
as well as malignant solid liver lesions were included in this study. Patients with 
cystic lesions of the liver were excluded. Laparoscopic liver resection was consid-
ered if the lesion was located in the left lateral segments (segment 2 and 3 accord-
ing to Couinaud’s classification). The choice to perform either a laparoscopic or 
open procedure was at the discretion of the attending surgeon in consent with the 
patient. Preoperative information consisted of medical history, preoperative diag-
nosis and American Society of Anaesthesiologists (ASA) classification. 

Surgical procedures 
The open procedure was started with a 15- to 25-cm incision according to the pref-
erence of the surgeon. During operation the left liver was mobilised and central 
venous pressure was maintained at 2-6 mmHg. Transection of the liver was per-
formed according to the preference of the surgeon: the Cavitron Ultrasonic Surgical 
Aspirator (CUSA®; Valleylab, Boulder, Colorado, USA) and argon beam coagulator 
(Bircher Ind., Ltd., Englewood, Colo.,USA) with or without the use of Pringle’s ma-
noeuvre, Ultracision Harmonic ACE (Ethicon Endosurgery, Johnson & Johnson, USA) 
or Ligasure (Covidien, USA). Only occasionally was the clamp-crush technique used. 
Minor crossing vessels and biliary radicals were divided using polypropylene su-
tures or clips. The portal pedicles and hepatic veins were divided and ligated with a 
running polypropylene suture. In some procedures, vascular staplers such as e.g. 
Autosuture EndoGIA (Covidien) were used. After removal of the liver specimen, the 
raw surface of the liver remnant was subjected to argon beam coagulation and 
sealed with TachoSil® (Nycomed, Zurich, Switzerland) or Tissuecoll (Baxter, Vienna, 
Austria) if considered appropriate. 

The laparoscopic procedure was performed as described in detail previously.16 
The patient was in the supine French position and abdominal access was achieved 
by transumbilical open insertion of a laparoscope. Pneumoperitoneum was kept at 
10–14 mmHg; three or four additional 12-mm trocars were added and a 300 laparo-
scope was used routinely. The central venous pressure was maintained at 2-6 
mmHg. Hepatic transection of parenchyma and minor crossing vessels and biliary 
radicals was mainly performed with harmonic scalpel (Ultracision, Ethicon Endosur-
gery, Johnson & Johnson, USA) or the Ligasure (Covidien, USA). The segmental 
portal pedicles and left hepatic vein were stapled using a vascular stapler (EndoGIA 
Autosuture, Covidien). Resected specimens were placed in a plastic bag (Endocatch 
Autosuture, Covidien) and removed through a separate incision. 

Parameters and outcome  
Peri- and postoperative parameters included type of resection, operation time, 
blood loss, need for transfusion, conversion of laparoscopic to open procedure, 
postoperative complications, postoperative length of hospital stay and pathologic 
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assessment of the resected liver segment. Blood loss was measured by the suction 
device and the weight of the gauzes and recorded in operation notes and/or anaes-
thesia reports. In case of discrepancy the highest amount was used. Data on surgi-
cal technique consisted of information about type of incisions, type of liver resec-
tion, method of liver transection, haemorrhage control, use of haemostatic agents, 
Pringle-manoeuvre, and method of extraction of surgical specimen. In one centre 
(Maastricht University Medical Centre: MUMC), a multimodal perioperative en-
hanced recovery programme (ERAS®) was followed for all patients undergoing liver 
surgery.16, 17 This was also recorded as a parameter. Criteria for discharge in the 
ERAS setting were described previously.16, 17 Discharge in the traditional setting was 
at the discretion of the attending surgeon. 

Primary outcome of the study was hospital length of stay. Secondary outcome 
measures comprised complications (including mortality and conversion rates), 
duration of operation and blood loss. Postoperative complications were defined 
according to the intenational grading system of Dindo et al.18 

Current status of laparoscopic liver surgery – Future Developments 

To get an indication of the volumes currently being operated on in Dutch hospitals, 
and to see whether they had increased in the years following the introduction of 
the minimally invasive technique, we approached all Dutch hospitals that indicated 
to perform liver surgery in January 2011 by e-mail. This contained three questions 
surveying on (1) whether the hospital performed formal liver resections (not only 
deroofing of cysts), (2) how many open / laparoscopic major or minor hepatic re-
sections were performed in 2010 and (3) whether the provided data were real or 
estimated numbers. Centres that did not reply on the request to complete the 
survey were approached by phone in February 2011.  

Statistical analysis 

Data were analysed by J.S., I.L. and R.V, if necessary an independent statistician 
was consulted. Continuous variables are expressed as mean (± standard error of 
the mean: SEM). Data were analysed according to the intention to treat principle. 
Univariable analysis was performed using Pearson’s χ² test (or Fisher’s exact test 
where appropriate) to investigate differences between open and laparoscopic 
procedures regarding sex, indication, pathology, resection margins, ERAS, use of 
Pringle manoeuvre, method of liver transection, haemorrhage control and haemo-
static agents, use of staplers and complications. Mann-Whitney U test was used for 
univariable analysis to investigate differences between open and laparoscopic sur-
gery regarding age, ASA classification, tumour diameter, type of incision, complica-
tion classification, hospital length of stay (days), duration of operation (min), blood 



Laparoscopic liver resection in the Netherlands 

 175 

loss (ml) and number of transfusions. The relation between patient characteristics 
and operative strategy, and length of hospital stay was analyzed with univariable 
linear regression analysis. All independent variables with a two-tailed p value below 
0.200 were included into a multivariable linear regression model using backward 
analysis to assess which parameters were significantly and independently related 
with length of hospital stay. Also, the group effect of open versus laparoscopic 
resections on post-operative haemoglobin was analysed using multivariable linear 
regression analysis correcting for preoperative haemoglobin levels. A p value below 
0.05 was considered to indicate statistical significance. Statistical analyses were 
performed using SPSS software (version 15; SPSS Inc., USA). 

RESULTS 

Systematic review of laparoscopic liver surgery in the Netherlands – Past 
Experience  

A total of 91 abstracts were retrieved that met the search terms and after review 
19 abstracts remained eligible. Of these 19 articles, 6 reported on actual laparo-
scopic liver surgery, 12 described the use of laparoscopy and /or laparoscopic ultra-
sound for staging in patients with hepatic tumours, and one article provided a lit-
erature review on liver resection and laparoscopy (Fig. 1). The informal interviews 
and articles eligible for review revealed that the first two laparoscopic liver resec-
tion were performed in Amsterdam by the group of Cuesta et al. in 1995.19 In the 
following years only one article from the same group was published reporting on a 
series of laparoscopically operated patients (n=10). Seven underwent a minor lapa-
roscopic resection and three underwent fenestration of hepatic cysts.20 After these 
initial reports on minimally invasive liver surgery three articles were published with 
regard to laparoscopic treatment of polycystic liver disease.21-23 Later series of 26 
laparoscopic liver resections provided evidence that this procedure could be per-
formed safely in the Netherlands.16  
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Abstracts retrieved
n = 91

Articles eligible for
review
n = 19

Articles included for
review

n = 6

Abstracts excluded, n = 73
Cholecystectomy, n = 3
Liver disease, n = 7
Biliary/pancreatic tumors, n = 15
Gastric tumors, n = 7
Open liver surgery, n = 2
Overlap between databases, n = 7
Imaging, n = 7
Ablation, n = 4
Other, n = 21

Articles excluded, n = 13
Only laparoscopic staging and/or
ultrasound, n = 12
Review, n = 1

 
Figure 1. Selection of studies eligible for systematic review.  

Initial experience with laparoscopic liver resections and case-control comparison 
– Present State 

Patient’s characteristics 
Between 2000 and 2008, the laparoscopic approach for hepatic left lateral sec-
tionectomy was performed in thirty patients in 6 centres in the Netherlands (mean 
age 50 ± 3 years) and completed laparoscopically in 27 patients. Five of the laparo-
scopic liver resections were performed hand-assisted. In the open group, 90 pa-
tients were matched for the same type of resection (mean age 52 ± 2 years). De-
mographic data of both groups are reported in table 1. There were no significant 
differences in age, ASA classification, indication, resection margins and tumour size.  
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Table 1. Clinical and pathological features of the case-control study 

 Laparoscopic Group 
(n = 30) 

Open Group 
(n = 90) 

p-value 
 

Sex (male/female) a 5 / 25 35 / 55 0.043 
Age (years)b 50 (3) 52 (2) 0.584 
ASA 1b,c 
ASA 2 
ASA 3 
ASA 4 

10 
16 
2 
0 

18 
38 
16 
1 

0.625 

Indication (malignant/benign)a 11/19 39/51 0.091 
Tumour size, cmb 4.8 ± 0.5 5.3 ± 0.4 0.673 
Pathology (malignant/benign)a,c 7/22 48/42 0.007 
Resection margins (R0/R1/R2)a,c,d 19/1/1 64/8/2 0.597 
ERAS (yes/no)a 11/19 8/92 0.001 

Values for tumour size are expressed as mean + standard error of mean.  
a Pearson’s Chi square test (or Fisher exact test where appropriate).  
b Mann Whitney U-test. 
c Results do not add up to total values as a result of missing data.  
d In the laparoscopic group, two (R1 and R2) resection margins were positive, both in patients with 
benign disease (adenoma and haemangioma, respectively). In the open control group, the R2 resections 
were suspected benign lesions preoperatively. However, one of these R2 resections proved to be malig-
nant (hepatocellular carcinoma). Of the R1 resection margins, 3/8 were malignant tumours. 

Surgical procedures and parameters 
The Pringle manoeuvre was only used during open surgery (table 2). The method of 
liver transection in the open group was different from the approach in the laparo-
scopic group. Mostly, the CUSA and/or argon beam was used in the open group for 
liver transection.  
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Table 2. Operative details on transection and haemostasis techniques and use of devices  

 
 

Laparoscopic Group 
(n = 30)  

Open Group 
(n = 90) 

Use of Pringle manoeuvre  1 (3)a 20 (22) 
Liver transection 
 Cusa +/- argonbeam 
 Ultracision 
 Ligasure 
 Hydrojet 
 Cusa + ligasure 
 Diathermia +/- endogia 
 Kelly clamp 
 Endogia 

 
 3 (10) 
21 (70) 
 4 (13) 
 
 
 
 
 2 (7) 

 
55 (61) 
 4 (4) 
 7 (8) 
 2 (2) 
 8 (9) 
 4 (4) 
 1 (1) 
 4 (4) 

Haemorrhage control b 
 Diathermia+/- argonbeam 
 Clips 
 Prolene 
 Clips and prolene 
 Other: use of device 

 
 6 (20) 
 6 (20) 
 4 (13) 
 1 (3) 
 9 (30) 

 
 4 (4) 
15 (17) 
23 (26) 
39 (43) 
 3 (3) 

Use of staplers (yes/no)b 22/3a 19/68 
Haemostatic agentsb 
 None 
 Tachosyl 
 Tissuecoll 
 Surgicell 
 Unknown  

 
19 (63) 
 4 (13) 
 4 (13) 
 1 (3) 
 1 (3) 

 
39 (43) 
17 (19) 
25 (28) 
 1 (1) 
 7 (8) 

Figures in parentheses indicate percentages. 
a Following conversion to open.  
b Results do not add up to total values as a result of missing (non reported) data.  

Outcome parameters  
Mean hospital length of stay was 6.0 (± 0.4) days in the laparoscopic group versus 
8.1 (± 0.4) days in the open group (p<0.001). Complication rates did not differ sig-
nificantly between the laparoscopic and open group (26% vs. 21%) neither did they 
differ significantly when complications were graded according to severity interven-
tion score. Three laparoscopic procedures (10%) were converted to an open proce-
dure (table 3). Reasons for conversion where either haemorrhage, an additional 
lesion in segment IV or its proximity to the left hepatic vein. There were no deaths 
in the laparoscopic group. In the open group, one of the 90 patients (1.1%) died 
due to multiple organ failure after sepsis.  
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Table 3. Primary and secondary outcomes (mean ± SEM) 

 Laparoscopic Group 
(n = 30) 

Open Group 
(n = 90) 

p-value 

Length of stay, daysa 6.0 ± 0.4 8.1 ± 0.4 <0.001 
Complicationsb 5 (26) 19 (21) 0.620 
Complicationsa 
 Grade 1 
 Grade 2 
 Grade 3a 
 Grade 3b 
 Grade 4a 
 Grade 4b 
 Grade 5 

 
4 (13) 
 
 
1 (3) 

 
8 (9) 
4 (4) 
3 (3) 
 
2 (2) 
1 (1) 
1 (1) 

0.832 

Conversions 3 (10)   
Reoperationb 1 (3) 3 (3) 0.589 
Blood loss, mla 288 (99) 608 (97) <0.001 
Operation time, mina 160 (13) 231 (11) <0.001 

Figures in parentheses indicate percentages. 
a Mann Whitney U test.  
b Pearson’s χ² test (or Fisher exact test where appropriate). 

 
There was significantly less blood loss in the laparoscopic group compared to the 
open group (p<0.001; table 3). When corrected for preoperative haemoglobin lev-
el, multivariable analysis showed that open resection was significantly related with 
a decrease in postoperative haemoglobin levels compared to the laparoscopic 
group (OR=-0.520, CI -1.022 to -0.18, p=0.043). None of the patients in the laparo-
scopic group needed a blood transfusion postoperatively in contrast to 22 blood 
transfusions in the open group. However, this difference was not significant. The 
mean duration of operation in the laparoscopic group was significantly shorter than 
in the open group (p<0.001; table 3). 

Univariable regression analyses showed that several variables were related 
with differences in length of hospital stay (table 4). However, after multivariable 
regression analysis only ASA classification (OR=1.598, CI 0.738 to 2.458, p<0.001), 
complication grade (OR=1.680, CI 1.124 to 2.235, p<0.001) and ERAS (OR=-2.502, CI 
-4.032 to -0.972, p=0.002) were independently and significantly related with length 
of hospital stay. 
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Table 4. Univariable linear regression analysis of length of hospital stay  

Variable Odds ratio 95% confidence interval P-value 

Age (years) 0.040 0.001 to 0.079 0.047 
Sex (male/female) 1.374 0.022 to 2.276 0.046 
Group (open/laparoscopic) 2.012 0.571 to 3.452 0.007 
Indication (malignant/benign) 1.419 0.154 to 2.684 0.028 
Pathology (malignant/benign) 1.762 0.501 to 3.023 0.007 
Tumour diameter (cm) 0.091 -0.129 to 0.311 0.413 
Complicationa 1.559 1.025 to 2.093 <0.001 
Duration (minutes) 0.008 0.001 to 0.015 0.020 
ERAS (yes/no) -1.392 -3.136 to 0.352 0.117 
Reoperation 0.961 -4.092 to 6.014 0.707 
ASAb 1.840 0.849 to 2.830 <0.001 
Stapler (yes/no) -1.637 -3.014 to -0.261 0.020 
Pringle (yes/no) 
 

-0.762 -2.130 to 0.606 0.272 

Transection 
CUSA 
Ultracision 
Ligasure 
Hydrojet 
CUSA and ligasure 
Other 
Kelly 
Endogia 
 

 
1.523 
0.120 
0.309 
1.400 
1.525 

-0.350 
1.400 
0.567 

 
-1.803 to 4.848 
-3.373 to 3.613 
-3.536 to 4.155 
-4.565 to 7.365 
-2.540 to 5.590 
-5.133 to 4.433 
-6.410 to 9.210 
-3.751 to 4.884 

 
0.366 
0.946 
0.874 
0.643 
0.459 
0.885 
0.723 
0.795 

Haemorrhage control 
Diathermia 
Clips 
Prolene 
Other 
 

 
-1.992 
-0.942 
1.197 

-1.276 

 
-4.545 to 0.560 
-3.320 to 1.435 
-0.606 to 3.000 
-3.653 to 1.102 

 
0.125 
0.433 
0.191 
0.289 

Haemostatic agents 
Tachosyl 
Tissuecol 
Surgicell 
None 

 
-0.024 
0.121 
3.000 

-0.114 

 
-5.387 to 5.340 
-5.178 to 5.419 
-4.248 to 10.248 
-5.328 to 5.100 

 
0.993 
0.964 
0.414 
0.965 

a Complication according to Dindo et al.18; increase per unit increase severity.  
b Increase per unit increase severity.  

Current status of laparoscopic liver surgery – Future Developments 

The response rate to the nationwide survey was 81%; 30 out of 37 approached 
hospitals responded. The seven non-responding centres were all district general 
hospitals centres, except one university medical centre. In total 21 centres per-
formed formal liver resections in 2010, the remaining 9 centres only performed 
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deroofing procedures. The total number of hepatic resections performed in 2010 
by the responding centres in the Netherlands was 966. This total number of resec-
tions consisted of 444 major and 522 minor hepatectomies (Fig. 2). During 2010 all 
Dutch hospitals together performed only 49 laparoscopic liver resections; 5 % of all 
resections (Fig. 3). All these minimally invasive surgical procedures were reported 
to be minor hepatic resections.  
 

Open major resections 

 (46%, n = 444) 
 

Open minor resections 
  (49%, n = 473) 

 

Major laparoscopic resections 
 (0%, n = 0) 

Minor laparoscopic resections
(5%, n = 49)

 
Figure 2. Results of a nation wide survey with actual numbers of laparoscopic and open liver resections
performed during 2010 in the Netherlands. 

 

Figure 3. Results of a nationwide survey of total laparoscopic (minor) liver resections performed during
2010 in the Netherlands per centre. 

 

9 9 

8 

7 

5

3 3

2

1 1 1

0 

1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

Centre

N
u

m
b

er
 o

f 
re

se
ct

io
n

s 

MUMC
Erasmus MC 
AMC
OMC
UMCG
OLVG
VUMC
MMC
Amphia Hospital 
MCH
UMCU

 



Chapter 11 

 182 

DISCUSSION 

This study provides a historical overview and reports on the initial experience and 
the current status of laparoscopic liver surgery in the Netherlands. A systematic 
review of the literature showed that the laparoscopic approach for hepatic resec-
tion was introduced in the Netherlands during the 1990s and that some, but limited 
experience has been gained. It is clear from the data and from additional informa-
tion obtained by interviewing key leaders that only very few laparoscopic livers 
were performed in the previous millennium.  

Compared to countries that have traditionally always played a pioneering role 
in (laparoscopic) liver surgery, such as France, the Netherlands have fallen behind 
with regard to the implementation of the minimally invasive technique. Many sur-
geons considered an open partial liver resection to be major surgery, associated 
with significant mortality and morbidity. Dutch surgeons remained reluctant to 
perform this type of surgery.24 Illustrating this fact is that only 110 - 130 partial liver 
resections (including benign tumours) were performed between 1984 and 1987. At 
the end of the 1980s and 1990s several series on the experience with open hepatic 
resection were published by different Dutch centres.25, 26  

The laparoscopic technique for liver resections was introduced in the Nether-
lands during the 1990s for diagnostic laparoscopies and liver biopsies. Later the 
indications were extended to fenestration of liver cysts and anatomic liver resec-
tions.27-32 The group of Cuesta et al.19 was in 1995 the first to report two cases of 
limited laparoscopic liver surgery of segment II and IV in the Netherlands. A few 
years later, in 2001, a small retrospective series (n=10) was published that demon-
strated encouraging results concerning operative blood loss, postoperative compli-
cations and hospital length of stay after wedge and left lateral hepatectomy. Fur-
thermore, they concluded that laparoscopic treatment should be considered in 
selected patients with benign and malignant lesions in the left lobe or frontal seg-
ments of the liver.20 

While the first limited laparoscopic liver resection in the Netherlands was per-
formed in 1995, the first laparoscopic liver resection worldwide, a wedge resection, 
had already been performed by Gagner’s group in 1992. Four years thereafter, 
Azagra’s group reported the first anatomic liver resection.3 The following few years 
the minimally invasive technique was further developed and adopted, resulting in 
the first laparoscopic left lateral sectionectomy for living liver donation33 and the 
first reports on robotic liver surgery34, 35 Initially, laparoscopic liver resection was 
challenging because of the difficulties concerning safe mobilization and exposure of 
this fragile and heavy organ.3, 36, 37 Small, superficial and peripheral lesions in anter-
olateral segments were considered most amenable to laparoscopic liver resection. 
Surgeons with extensive experience in laparoscopy and hepatic surgery have per-
formed laparoscopic major hepatic resections with satisfactory outcomes.28, 38, 39 
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Recent large reviews by Reddy et al.15 and Nguyen et al.14 show favourable out-
comes after laparoscopic resection.14,15 Patient benefits included less operative 
blood loss6,7 less postoperative pain5, 9, 10 and narcotic requirement, improved cos-
metic aspects,9, 12 and a shorter length of hospital stay5,7-12 with postoperative mor-
bidity and mortality comparable to open liver resection. In addition, the minimally 
invasive approach seems to be cost-effective.40, 41 Potential limitations and disad-
vantages of laparoscopic liver resection include a significant learning curve, poten-
tial bleeding which may be more difficult to control laparoscopically, inadequate 
assessment of the liver for additional lesions, and increased risk for gas embo-
lism.15, 42 Air embolism may occur when high-pressure pneumoperitoneum is used. 

36, 43 However, gas embolism is rare and usually well tolerated.5 Other concerns 
have been raised about the potential dissemination of malignant cells during lapa-
roscopic resection.44-46 Some authors have suggested that tumour dissemination 
does not increase by laparoscopy,47-49 and recent reports regarding this subject 
show long term survival rates comparable with open surgery.12, 37, 50, 51  

At present, after more than 10 years of experience and following advances in 
laparoscopic technology, the surgical community has accepted that laparoscopic 
liver surgery is feasible and safe.3, 7, 8, 10, 51-53 This is especially true for resection of 
left lateral segments and right anterior segments.4, 9, 11, 54 Some of the advantages 
reported in literature were also found in the present study. The present multicen-
tre case-control study on laparoscopic left lateral sectionectomies in the Nether-
lands between 2000 and 2008 demonstrated that length of hospital stay for the 
laparoscopic approach for left lateral sectionectomies was reduced by 2 days. Fur-
thermore, the laparoscopic approach resulted in faster procedures with reduced 
blood loss, no occurrence of gas embolisms and comparable morbidity. In a multi-
variable analysis, length of hospital stay appeared to be related with ASA classifica-
tion, complications and ERAS. 

Left lateral sectionectomy currently is the most common laparoscopic liver re-
section for solid tumours in the Netherlands. However, only a minority of left lat-
eral sectionectomies were performed laparoscopically between 2000 and 2008. 
The laparoscopic approach has gained gradual acceptance by Dutch surgeons, but 
is still not standard. A structured implementation may allow the Dutch surgical 
community to catch up with international developments. Recently, van Dam and 
Topal performed the first major laparoscopic liver resection in the Netherlands 
(anatomical right hemihepatectomy, Maastricht 2011). 

The question remains why the laparoscopic left sectionectomy in this study 
proved to be faster than the open counterpart. Differences in technique in transec-
tion of the liver parenchyma and the vascular and biliary structures may have add-
ed to a faster transection. Reduced blood loss, either caused by different transec-
tion devices or pneumoperitoneum, may reduce the need for prolene stitches and 
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haemostatic clips, which can be time consuming. Lastly, there is no need to close 
the abdomen after the procedure.  

The survey results demonstrate an increase in both totally laparoscopic and to-
tally open liver resections performed in the Netherlands. Although more centres 
have adopted the laparoscopic approach in recent years, individual centre volumes 
remain low. Only 5% of all liver resections were performed laparoscopically, which 
is significantly less compared to other countries where average percentages of 
laparoscopic hepatic resections range between 20 and 80 %.13 If surgeons in the 
Netherlands aim to increase the portion of laparoscopic liver resections, liver sur-
gery should be further centralized. Furthermore, a central training, proctoring and 
credentialing infrastructure should be developed to improve quality outcome pa-
rameters and to allow units to become (high volume) expert centres.  

The foundation of the Dutch Liver Collaborative Group in 2003 gave a new im-
pulse to minimally invasive liver surgery, and is in concordance with recently made 
recommendations that national and international societies, as well as governing 
boards, should become involved in the goal of establishing training standards and 
credentialing.13 Goals of this workgroup are to facilitate collaboration of medical 
centres in the field of hepatic surgery, initiate and facilitate research in liver surgery 
(especially multicentre trials), facilitate training, education and adoption and to 
establish a quality control and auditing system for Dutch liver surgery centres 

Conclusions 

Minimally invasive liver surgery is gradually being adopted in the Netherlands. The 
laparoscopic (left sided) liver resection is a safe procedure and it probably results in 
a shorter hospital length of stay with comparable morbidity. Laparoscopic liver 
resections appear to be faster. More importantly, ASA classification, complications 
and ERAS proved to be important prognostic variables for reduced length of hospi-
tal stay in Dutch hospitals. In the future, the Dutch Liver Collaborative Group 
should continue to play an important role in the further adoption and centraliza-
tion of minimally invasive liver surgery. Conducting an RCT on laparoscopic liver 
resection may add to the body of evidence supporting broader introduction of 
minimally invasive liver surgery. 
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ABSTRACT 

Background: Both laparoscopic techniques and multimodal enhanced recovery 
programmes have been shown to improve recovery and reduce length of hospital 
stay. Interestingly, evidence-based care programmes are not widely implemented, 
whereas new, minimally invasive surgical procedures are often adopted with very 
little evidence to support their effectiveness. The present survey aimed to shed 
light on experiences of the adoption of both methods of optimizing recovery. 
Methods: An international web-based, 18 question, electronic survey was com-
posed in 2010. The survey was sent out to 673 hepatopancreatobiliary (HPB) cen-
tres worldwide in June 2010 to investigate worldwide experience with laparoscopic 
liver surgery, fast-track recovery programmes, and surgeryrelated equipoise for the 
open and laparoscopic techniques and to assess opinions on strategies for adopting 
laparoscopic liver surgery in HPB surgical practice. 
Results: A total of 507 centres responded (response rate: 75.3%), 161 of which 
finished the survey completely. All units reported performing open liver resections, 
24.2% performed open living donor resections, 39.1% carried out orthotopic liver 
transplantations, 87.6% had experience with laparoscopic resections and 2.5% 
performed laparoscopic living donor resections. A median of 50 (range: 2–560) 
open and 9.5 (range: 1–80) laparoscopic liver resections per surgical unit were 
performed in 2009. Patients stayed in hospital for a median of 7 days (range: 2–15 
days) after uncomplicated open liver resection and a median of 4 days (range: 1–10 
days) after uncomplicated laparoscopic liver resection. Only 28.0% of centres re-
ported having experience with fast-track programmes in liver surgery. The majority 
considered the instigation of a randomized controlled trial or a prospective register 
comparing the outcomes of open and laparoscopic techniques to be necessary. 
Conclusion: Worldwide dissemination of laparoscopic liver resection is substantial, 
although laparoscopic volumes are low in the majority of HPB centres. The adop-
tion of enhanced recovery programmes in liver surgery is limited and should be 
given greater attention. 
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INTRODUCTION 

In recent years laparoscopic liver resection and enhanced recovery programmes 
have been introduced in liver surgery with the aim of accelerating postoperative 
recovery and shortening hospital length of stay (LoS). Like open liver resection, 
laparoscopic resection of liver lesions can be applied safely in both malignant and 
benign lesions.1-7 Large prospective case series suggest that laparoscopic liver sur-
gery might be superior to open liver surgery in terms of perioperative blood loss, 
postoperative pain, time to recovery, LoS, cosmetic appearance and quality of 
life.5,8-10 Survival rates after laparoscopic and open resection of hepatocellular car-
cinoma and hepatic colorectal metastases seem comparable.1,5 

Similarly, fast-track programmes have proven to be useful, feasible and safe in 
liver surgery.11-15 Such programmes can also enhance recovery and reduce LoS. The 
Enhanced Recovery After Surgery (ERAS) programmes rely mainly on optimising 
perioperative care and reducing the stress responses to surgery though the provi-
sion of adequate preoperative patient counselling, optimised anaesthesia and an-
algesia, quick resumption of oral intake and early mobilisation.12,16-18 In liver resec-
tion, earlier resumption of oral intake, faster postoperative recovery and a signifi-
cant reduction in median LoS (from 8 to 6 days) was shown when patients were 
managed within a multimodal ERAS programme.12 

A small pilot study in liver surgery suggested that laparoscopic liver surgery 
within an ERAS setting led to a potentially accelerated recovery and further reduc-
tion in LoS from 7 to 5 days.11 Moreover, combining laparoscopy and an ERAS strat-
egy is most likely to result in a synergetic effect, as recently proven in a randomised 
controlled trial (RCT) in the context of colonic surgery.19  

Despite the fairly robust evidence that many specific elements of fast-track 
programmes can enhance recovery and reduce LoS, little evidence on the use of 
these programmes in liver surgery has been published. This suggests that adoption 
of ERAS programmes in liver surgery worldwide is low. Current surgical practice is 
based on evidence and any change in daily routines should be supported by sound 
data.20 In this respect, the current fairly liberal adoption of laparoscopic liver sur-
gery contrasts with the relative lack of adoption of enhanced recovery pro-
grammes. 

An international web-based survey was composed to evaluate worldwide ex-
perience with laparoscopic liver surgery and fast-track recovery programmes, and 
surgery-related equipoise in open and laparoscopic strategies, and to assess opin-
ions on strategies for the adoption of laparoscopic liver surgery in daily hepatopan-
creatobiliary (HPB) surgical practice. 
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METHODS 

Study design. An online electronic survey, consisting of 18 questions subdivided 
according to five main domains, was developed (Appendix 1). Questions on the 
different topics were initially composed by two research fellows (E.M.W.L.H. and 
T.M.L.) and two liver surgeons (R.M.v.D. and J.H.M.B.S.). The definitive set of ques-
tions was then administered using SurveyMonkey™ (Palo Alto, California, USA). 
Items in the first domain included several questions on experience in open and 
laparoscopic liver surgery and covered types and numbers of liver resections. Items 
in the second domain concerned recovery and LoS after uncomplicated open or 
laparoscopic liver resection. Items in the third domain surveyed experience with 
enhanced recovery or fast-track perioperative care programmes such as ERAS pro-
grammes. The fourth part of the survey was developed to evaluate opinions on the 
necessity of an RCT and on the value of a prospective registry comparing outcomes 
in open and laparoscopic liver surgery. Items in the final domain evaluated current 
opinions on and considerations for participating in such a trial. Incomplete re-
sponses were excluded from analysis. 
 
Study population. An invitation to complete this survey was sent by e-mail to 673 
HPB centres worldwide in June 2010. Subsequent e-mail reminders were sent out 
in August and September 2010. Only one surgeon per HPB unit was asked to par-
ticipate. Figure 1 describes the respondent inclusion and exclusion process. The 
participation period closed and analyses were conducted in November 2010. 
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Figure 1. Flowchart showing the respondent inclusion and exclusion process. A total of 673 hepatopan-
creatobiliary (HPB) centres were approached. Cumulative response numbers after the first invitation
and first and second reminders are displayed. A total of 166 surgeons did not respond to the study 
invitation or reminders, and data from an additional 28 centres were excluded. Only data from the
centres that provided complete responses (n = 161) were analysed 

 
Statistics. Survey data were extracted into an excel database. Statistical analysis 
was performed using the Statistical Package for the Social Sciences (SPSS) version 
18.0 and GraphPad Prism version 5 (GraphPad Software, Inc., La Jolla, CA, USA). 
Basic analyses were performed using descriptive statistics including counts, per-
centages, means with standard deviations and medians with ranges and interquar-
tile ranges. Subgroup analysis was performed to investigate potentially relevant 
differences between regions and centre experience (Mann-Whitney U test or χ2). 
All countries were assigned to one of the following six regions: Europe; North 
America; Middle and South America; Asia; Oceania and Africa. An experienced 
laparoscopic HPB centre was defined as a surgical unit performing 20 or more lapa-
roscopic liver resections annually.21 
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RESULTS  

Participation. A total of 507 centres (one surgeon per centre) responded (response 
rate 75.3%). Incomplete responders were excluded for data analysis, leaving 161 
centres that completed the survey. Worldwide centres from 39 different countries 
participated; these were divided into groups according to the six global regions 
(fig.2). The regions that provided the highest response rates Europe (45%) and 
North-America (26%), with the USA (n=34), Italy (n=16), Canada (n=8) and the 
Netherlands (n=8) representing the top 4 countries providing complete responses. 
 

Figure 2. Centres (n=161) included in the data- analysis by region. 

 
Types of liver resections. Open resection for liver lesions was performed by 100% 
of the units. 87.6% of the responding units reported experience with laparoscopic 
resections of liver lesions, 39.1% with orthotopic liver transplantations, 24.2% with 
open living donor resections and 2.5% with laparoscopic living donor resections. 
Table 1 shows the percentage of HPB-centres performing different types of liver 
surgery and the differences between regions. 
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Table 1. Centres performing types of procedure, by region 

Centres performing surgical procedures, by region n (%)  

Europe North 
America

Central & 
South 
America 

Asia Oceania Africa World-
wide 

Open resection of liver lesions  72/72 
(100.0) 

42/42 
(100.0) 

10/10 
(100.0) 

24/24 
(100.0) 

8/8 
(100.0) 

5/5 
(100.0) 

161/161 
(100.0) 

Lap. resection of liver lesions  61/72 
(84.7) 

41/42 
(97.6) 

10/10 
(100.0) 

19/24 
(79.2) 

7/8 
(87.5) 

3/5 
(60.0) 

141/161 
(87.6) 

Orthotopic liver transplantation  29/72 
(40.2) 

17/42 
(40.5) 

5/10 
(50.0) 

7/24 
(29.2) 

4/8 
(50.0) 

1/6 
(20.0) 

63/161 
(39.1) 

Open living donor resection  15/72 
(20.8) 

10/42 
(23.8) 

4/10 
(40.0) 

7/24 
(29.2) 

2/8 
(25.0) 

1/5 
(20.0) 

39/161 
(24.2) 

Lap. Living donor resection  1/72 
(1.4) 

1/42 
(2.4) 

1/10 
(10.0) 

1/24 
(4.2) 

0/8 
(0.0) 

0/5 
(0.0) 

4/161 
(2.5) 

 
Experience. A total of 42.0% of responding centres indicated that their data repre-
sented precise numbers. The remaining centres provided estimations that were as 
accurate as possible. A wide range in the number of resections performed was 
observed among HPB centres. In 2009, the median number of open resections for 
liver lesions performed was 50 (range: 2–560; IQR = 50) per surgical unit. In the 
same year, the median number of laparoscopic resections of liver lesions per-
formed was 9.5 (range: 1–80; IQR = 15) per centre. Worldwide figures for open and 
laparoscopic liver resections and differences among regions are shown in Table 2. 
Of the participating centres, 26.6% could be classified as experienced laparoscopic 
liver centres based on their completion of at least 20 laparoscopic liver resections 
per year (Table 3). Experienced laparoscopic centres seemed to be more frequently 
located in the Americas than in other continents (44.2% vs. 13.5%; P < 0.001). 
 
Table 2. Number of resections per surgical unit per year (2009) 

 Liver resections performed in 2009, median (range)/IQR 
Region Open liver resections Laparoscopic liver resections 

Europe 55.0 (2-250)/60.0 5.0 (1-61)/9.0 
North America 45.0 (6-200)/42.5 19.0 (2-80)/21.0 
Central & South America 32.5 (12-80)/23.5 10.0 (3-30)/18.0 
Asia 50.0 (5-560)/62.3 6.0 (1-80)/5.0 
Oceania 57.5 (15-150)/110.0 9.0 (1-20)/7.0 
Africa 50.0 (5-120)/115.0 4.5 (3-13)/7.8 
Worldwide 50.0 (2-560)/50.0 9.5 (1-80)/15.0 

IQR, interquartile range. 
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Table3. Numbers of laparoscopic liver surgery centres demonstrating experience defined by a volume of 
>20 laparoscopic resections per year 

Region Experienced laparoscopic liver centres, n/laparoscopic liver centres, 
n(%)  

Europe 10/59 (16.9%) 
North America 20/41 (48.8%) 
Central & south America 3/9 (33.3%) 
Asia 3/19 (15.8%) 
Oceania 1/7 (14.3%) 
Africa 0/4  
Worldwide 37/139 (26.6%) 

 
Hospital length of stay and fast-track perioperative care programmes. The re-
ported median hospital LoS after uncomplicated liver resection was 7 days (range: 
2–15 days) after open surgery and 4 days (range: 1–10 days) after laparoscopic 
surgery. Differences among regions are shown in Table 4. In addition, a subgroup 
analysis showed that experienced centres achieved a significantly shorter median 
LoS after laparoscopic liver resection compared with inexperienced centres [3.4 
days (range: 1–7 days) vs. 4.2 days (range: 1–10 days); P = 0.013]. Half of the HPB 
centres (50.1%) had experience with fast-track perioperative care programmes in 
colonic, hepatic or pancreatic surgery or a combination of these fields. Only 28.0% 
had experience with these programmes in liver surgery. Results per region are 
shown in Table 5.  
 
Necessity for an RCT comparing open and laparoscopic liver surgery 
The majority (59.4%) of HPB centres considered that an RCT comparing outcomes 
in open and laparoscopic liver surgery prior to the further adoption of laparoscopic 
liver surgery was necessary. A total of 49.1% considered that a combination of such 
an RCT and a prospective multicentre registry should be mandatory; 36.4% consid-
ered that a prospective multicentre registry alone would be sufficient and 4.2% 
deemed a prospective hospital registry adequate. Of the surgical units that per-
formed both open and laparoscopic left lateral sectionectomy (LLS) within a fast-
track/ERAS programme, 82.9% indicated that they would consider participating in 
an RCT. Level A evidence to support the superiority of the laparoscopic technique 
was still considered necessary by the majority of respondents. A total of 94.3% of 
participants with experience in both open and laparoscopic LLS, both within and 
outwith fast-track or ERAS programmes, would also consider participating in a 
prospective registry. Overall, 83.3% of liver units without experience in laparo-
scopic liver surgery indicated a desire to participate in hands-on training in laparo-
scopic liver surgery and/or a proctor programme. 
 



A survey to enhance patient recovery 

 197 

Table 4. Length of stay after uncomplicated liver resection 

Region Length of stay, days, median (range)/IQR 
 After open liver resection After laparoscopic liver resection 
Europe 7.0 (4-12)/3.0 5.0 (2-10)/1.0 
North America 5.0 (4-8)/2.0 3.0 (1-5)/1.5 
Central & South America 5.0 (2-7)/1.8 2.5 (1-5)/2.0 
Asia 7.0 (5-15)/2.0 4.0 (3-10)/2.0 
Oceania 5.0 (3-7)/1.8 4.0 (2-5)/1.5 
Africa 8.0 (4-10)/5.5 4.5 (2-7)/4.5 
Worldwide 7.0 (2-15)/3.0 4 .0 (1-10)/2.0 

 
Table5. Centres with experience in fast-track perioperative care programmes 

Region Experience with ERAS programmes in a specific type of surgery, n/total n (%) 
 No experience In colon surgery In liver surgery In pancreatic surgery 
Europe 31/72 (43.1%) 36/72 (50.0%) 22/72 (30.6%) 14/72 (19.4%) 
North America 25/42 (59.5%) 6/42 (14.3%) 9/42 (21.4%) 8/42 (19.0%) 
Central & South America 5/10 (50.0%) 4/10 (40.0%) 3/10 (30.0%) 1/10 (10.0%) 
Asia 15/24 (62.5%) 8/24 (33.3%) 4/24 (16.7%) 3/24 (12.5%) 
Oceania 2/8 (25.0%) 5/8 (62.5%) 6/8 (75.0%) 2/8 (25.0%) 
Africa 4/5 (80.0%) 1/5 (20.0%) 1/5 (20.0%) 0/5  
Worldwide 82/161 (50.9%) 60/161 (37.3%) 45/161 (28.0%) 28/161 (17.4%) 

DISCUSSION 

This study aimed to assess the worldwide experience and dissemination of two 
recently introduced strategies to accelerate recovery after liver surgery. It demon-
strates that the majority of HPB centres perform liver surgery in the absence of an 
enhanced recovery perioperative care programme, and that the majority of HPB 
centres perform laparoscopic liver surgery. This study also shows a substantial 
variance in hospital length of stay among centres and regions. Lastly, this study 
demonstrates clinical equipoise for laparoscopic and open liver resection is present 
in the HPB community.22,23 Clinical equipoise refers to a context in which there is no 
preference or certainty of therapeutic equivalence for either laparoscopic or open 
liver surgery. The majority of liver centres considered that an RCT trial was neces-
sary to prove the laparoscopic technique to be equal or superior to open surgery. 

The results show a high level of dissemination of laparoscopic liver surgery. 
Both low- and high-volume centres, amounting to 87.6% of HPB units, perform liver 
resections laparoscopically. Although the laparoscopic procedure is frequently 
used, many centres in this study have limited experience in laparoscopic liver re-
section. By contrast, responding centres displayed limited adoption of enhanced 
recovery programmes in liver surgery (one in four). The liberal adoption of laparo-
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scopic liver surgery, even in low-volume HPB centres, is seemingly in conflict with 
current standards of evidence-based practice in the medical community. Neither is 
it in keeping with recommendations expressed in an expert consensus (the Louis-
ville Consensus) which concluded that laparoscopic liver surgery was safe and ef-
fective in the hands of experienced and trained surgeons.24 In line with the avail-
able evidence for fast-track principles in liver surgery,11-15 proof of the merits of 
laparoscopic vs. open liver surgery is also limited and no RCTs have been under-
taken. However, a recent literature review and meta-analysis of available prospec-
tive and retrospective studies comparing open with laparoscopic liver resections 
both found both short- and long-term outcome seems favourable for the laparo-
scopic procedure. Not only was LoS markedly shorter, but blood loss and complica-
tions were found to be reduced and oncologic outcomes did not differ between the 
two techniques. 25,26 

Low-volume centres in this study reported a significantly longer hospital LoS 
compared to high-volume centres. In addition, LoS after open and laparoscopic 
liver surgery varied substantially among regions. The surgeons progress along the 
laparoscopic learning curve influence LoS, because laparoscopic liver resection is 
technically demanding and requires expertise in both advanced laparoscopic skills 
and open liver surgery.27 This is in line with the findings of a meta-analysis of stud-
ies reporting on 20 or more laparoscopic procedures, which indicated that a lapa-
roscopic approach led to a significant reduction in morbidity and LoS.21 In addition, 
differences in standard of care and discharge criteria may also contribute to vari-
ance in LoS reported in literature (3–20 days after open and 6–32 days after laparo-
scopic liver resection).26 Substantial distinctions at a cultural level may lie at the 
root of the observed variance in LoS. In some regions patients are discharged to a 
home care institution early in their recovery process (e.g. in North America), 
whereas in other world regions the provision of protocol-based care and the asso-
ciated logistics may be lacking. This may lead to a difference in expectations on 
both the patient’s and surgeon’s part as to when a patient might be ready for dis-
charge. Thus, LoS is a poor outcome parameter that hampers comparison and is 
hard to interpret. The implementation of a structured care programme with well-
defined recovery and discharge criteria, as used within ERAS protocols, might im-
prove the comparability of clinical outcomes in future (multicentre) trials.  
 Laparoscopy and enhanced recovery programmes should not be seen as sepa-
rate methods of improving postoperative recovery and outcomes such as morbidity 
rates and LoS. On the contrary, it is likely that the implementation of both will re-
sult in a synergetic improvement. Enhanced recovery programmes in liver surgery 
have already been shown to reduce hospital LoS.12–15 The additional benefit of an 
ERAS strategy in a laparoscopic setting was recently demonstrated in a trial in colo-
nic surgery and a small pilot study in liver surgery.11,19  
 This worldwide survey unveils experiences in enhanced recovery programmes 
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and laparoscopic liver surgery, and deliberations on the need for RCTs in liver sur-
gery. Although the present study achieved a response rate of >75%, only 23.9% of 
respondents completed the survey in full, which limited the study findings. How-
ever, representatives of 161 liver surgery centres worldwide shared their results 
and opinions. The use of a survey may be seen as limiting the study because results 
are strongly dependent on the type of respondents, questions and response rate. 
In addition, the group profile of responding centres may have been subject to re-
sponse bias. Centres of considerable volume and those performing laparoscopic 
liver surgery may have been more likely to respond.  

The issue of import does not concern a choice between laparoscopic liver re-
section and an ERAS strategy, but, rather, how both paths can be adequately 
adopted. The majority of responders still consider an RCT of laparoscopic surgery to 
be necessary. It could be argued that as more liver centres adopt laparoscopic 
techniques, opportunities to conduct an RCT may be diminished by patient and 
surgeon preferences. According to some surgeons, laparoscopic liver resection is 
without doubt therapeutically superior, whereas for others this remains to be 
proven. In addition, in the Louisville Consensus of 2008, experts concluded that the 
accrual of patients for an RCT would be slow as a result of low overall numbers. The 
ORANGE II Trial, currently enrolling patients, will be the first RCT (combined with a 
prospective registry) to provide evidence on laparoscopic vs. open liver resection.28 
As for enhanced recovery programmes, many centres are likely to have already 
implemented multiple ERAS elements as part of modern care. Further trials are 
needed to assess compliance with recovery protocols,29,30 specific elements of 
enhanced recovery programmes and the possible reduction of medical expenses. 

Conclusions 

The worldwide dissemination of laparoscopic liver resection is substantial, although 
the average volume of laparoscopic resections carried out in the majority of HPB 
centres is low. The adoption of enhanced recovery programmes in liver surgery is 
limited and the issue warrants greater attention. Both strategies are associated 
with faster recovery and may work synergistically. Given the increasing strength of 
the role of evidence-based medicine in current surgical practice, more evidence is 
required. 
 
Acknowledgements. We thank Simon A. Dello and Robert J.S. Coelen for helping 
design the survey. 
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APPENDIX 1. ONLINE SURVEY QUESTIONS 

Online ORANGE-II Trial Survey 
1. Introduction 
 
*1. I perform liver surgery as part of my daily practice? 
 Yes 
 No (this choice will terminate the survey) 
Comment  
_____________________________________________________________________________________ 
 
*2. Personal information: 
Name: 
Preferred e-mail address: 
 
2. Liver resection experience 
 
*3. Does your surgical unit perform liver resections? 
 Yes, my colleague(s) 
 Yes, I perform them myself 
 No 
 
3. Liver resection experience II 
 
*4. What tye of liver resections does your surgical unit perform? (more than one option possible) 
 Open resection for liver lesions 
 Open living donor resections 
 Orthotopic liver transplantations 
 Laparoscopic resection for liver lesions 
 Laparoscopic living donor resections 
 
*5. Does your surgial unit perform open and / or laparoscopic Left Lateral Sectionectomies (LLS)? 
 Yes, open and laparoscopic LLS 
 Yes, but only open LLS 
 Yes, but only laparoscopic LLS 
 No, we do not perform LLS 
 
*6. How many liver resections were performed in your surgical unit during 2009? 
Open resection for liver lesions  ______ 
Open living donor resections  ______ 
Orthotopic liver transplantations ______ 
Laparoscopic resection for liver lesions ______ 
Laparoscopic living donor resections ______ 
 
*7. Are the numbers in the previous question estimates or true numbers from a registry? 
 Estimates 
 True numbers 
Comment 
_____________________________________________________________________________________ 
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4. Recovery and Hospital length of stay 
*8. What is the usual hospital length of stay after an UNCOMPLICATED liver resection in your unit?  
Open resections in days _____________ 
Laparoscopic resections in days _____________ 
 
*9. When patients are recovered they are discharged to (more than one option possible) 
 Home 
 Supported care institution 
 Care hotel 
 
5. Enhanced Recovery 
 
*10. Does your surgical unit have experience with a so called enhanced recovery or fast-track periopera-
tive care programme (ERAS)? (more than one option possible) 
 No 
 Yes, in colon surgery 
 Yes, in liver surgery 
 Yes, in pancreatic surgery 
Comment 
_____________________________________________________________________________________ 
 
6. Enhanced Recovery Experience II 
 
*11. If your surgical unit has NO experience with an enhanced recovery ERAS programme in liver surgery 
would you desire implementation of such a programme? 
 Yes 
 No 
Comment 
_____________________________________________________________________________________ 
 
7. Randomised trial and / or prospective registry 
 
*12. Is in your opinion a randomised controlled trial comparing open and laparoscopic liver surgery 
necessary before laparoscopic liver surgery can be adopted worldwide? 
 Yes, a randomised trial is necessary 
 Yes, a randomised trial and a prospective multicentre registry are necessary 
 No, a prospective hospital registry is sufficient 
Comment 
_____________________________________________________________________________________ 
 
8. Randomised trial and prospective registry 
 
*13. If your surgical unit performs both open as well as laparoscopic LLS WITHIN a Fast Track / ERAS 
programme, would you consider participation in the ORANGE II – Trial? 
 Yes 
 No, because:  
_____________________________________________________________________________________ 
 
*14. If your surgical unit performs both open as well as laparoscopic LLS WITHIN or WITHOUT a Fast 
Track / ERAS programme, would you consider participation in a prospective registry? 
 Yes 
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 No 
Comment 
_____________________________________________________________________________________ 
 
*15. If you are willing to participate in the ORANGE II – Trial, would you consider randomisation be-
tween open and laparoscopic resection? 
 Yes 
 No, because: 
_____________________________________________________________________________________ 
 
*16. If your unit has no experience with laparoscopic liver surgery would you participate in the registra-
tion arm of the ORANGE II – Trial? 
 Yes 
 No 
Comment 
_____________________________________________________________________________________ 
 
*17. If the ORANGE II – Trial would offer you the option of online eCRF completion, would this lower the 
bar for participation? 
 Yes 
 No 
Comment 
_____________________________________________________________________________________ 
 
9. Training and Credentialing 
 
*18. If your unit has no experience with laparoscopic liver surgery would you want to be trained in a 
hands-on and / or proctor programme? 
 Yes 
 No 
Comment 
_____________________________________________________________________________________ 
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INTRODUCTION 

Future studies on improving the outcome of liver surgery are a central theme in 
this part. This will be addressed in three chapters. First, a tool for surgeons to help 
preventing post resectional liver failure by means of liver volumetric assessment 
prior to resection is evaluated in chapter 13.  

Second, the role of reducing the size of liver adenomas to avoid unnecessary 
surgery as explored in the previous study (chapter 4) will be further investigated. 
Having shown shrinkage of liver adenomas not only after stopping OAC but also 
after selective arterial embolisation of the haemorrhaged adenomas, the question 
arose whether this could be a therapy in selected cases of large hepatic adenomas. 
In order to provide the best level of evidence a randomised trial is proposed to 
compare between two invasive techniques: embolisation with radiological follow-
up and liver resection. 

Third, as discussed earlier, a multicentre pilot study in the Netherlands showed 
that laparoscopic liver surgery conducted in a multimodal enhanced recovery pro-
gramme resulted in earlier functional recovery than the same surgical approach in 
traditional care setting. Since more is to be expected from the synergy between the 
minimally invasive approach and ERAS, an outline is proposed for a new interna-
tional multicentre trial: the laparoscopic approach for liver surgery will be com-
pared to open surgery, both within a multimodal perioperative ERAS programme.  
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Chapter 13 
Prospective volumetric assessment of the 
liver on a personal computer by non 
radiologists prior to partial hepatectomy  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
S.A.W.G. Dello, J.H.M.B. Stoot, R.S.A. van Stiphout, J.G. Bloemen, S.J. Wigmore, 
C.H.C. Dejong, R.M. van Dam 
 
Adapted from World J Surg. 2011 Feb;35(2):386-92 
 
Presented to the 9th World Congress of the International Hepato-Pancreato-Biliary 
Association in Buenos Aires, Argentina, April 2010. 
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ABSTRACT 

Background: A small remnant liver volume is an important risk factor for post-
hepatectomy liver failure. ImageJ and OsiriX® are both free, open-source image 
processing software packages. The aim of the present study was to compare Im-
ageJ and OsiriX® in performing prospective CT-volumetric analysis of the liver on a 
Personal Computer in patients undergoing major liver resection.  
Methods: Patients scheduled for a right hemihepatectomy were eligible for inclu-
sion. Two surgeons and one surgical trainee measured volumes of total liver, tu-
mour and future resection specimen prospectively with ImageJ and OsiriX®. A radi-
ologist also measured these volumes with CT scanner-linked Aquarius iNtuition® 

software. Resection volumes were compared with the actual weights of the liver 
specimens removed during surgery and differences between the measured liver 
volumes were analyzed.  
Results: A total of 15 patients (8 men, 7 women) with a median age of 63 years (48-
79 years) were included. There was a significant correlation between measured 
weights of resection specimens and the volumes calculated prospectively with 
ImageJ and OsiriX® (r= 0.89; r=0.83, respectively). There was also a significant corre-
lation between the volumes measured with radiological software iNtuition® and 
the volumes measured with ImageJ and Osirix® (r=0.93; r=0.95, respectively). There 
were no major differences in total liver volumes, resection volumes, or tumour 
volumes for these three software packages.  
Conclusions: Prospective hepatic CT-volumetry with ImageJ or OsiriX® is reliable 
and can be accurately used on a Personal Computer by non-radiologists. ImageJ 
and OsiriX® yield result comparable to the radiological software iNtuition®. 
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INTRODUCTION 

Hepatectomies are performed increasingly more often, mainly because indications 
for liver resection are continuously being extended. Whereas in the past a number 
of exclusion criteria were applied in the selection of patients for hepatectomy, they 
have now been largely abandoned and postoperative remnant liver volume and 
function have become the main determinants of resectability.1-3 Postoperative liver 
dysfunction may occur when the extent of tumour involvement requires major liver 
resection (3 or more segments), leaving a small postoperative remnant liver.4-6 A 
reliable volumetric assessment of the part of the liver to be resected and the future 
residual liver volume should be a critical part of preoperative evaluation particu-
larly for extended resections, in order to prevent postoperative liver failure after 
liver resection. The safety of liver resection may increase if an estimate of minimal 
remnant liver volume is obtained via computed tomography (CT) volumetry.4,6-9 
This is especially important if the underlying liver parenchyma is abnormal or has 
impaired functional capacity. In this context, repeated liver resections, increasingly 
extensive resections and resections after aggressive chemotherapy are likely to 
lead to more patients with small (functional) remnant livers and hence more risk of 
postoperative liver failure.  

As the authors4,10-12 and others7,13,14 have shown before, liver volumes can be 
calculated accurately from CT or magnetic resonance imaging (MRI) scans. The 
liberal use of existing professional image-processing software is often limited by 
costs, access, flexibility, lack of radiologic staff and specific hardware requirements. 
In addition, the intended operation and the potential different surgical scenarios 
should be known to the investigator to predict the remnant liver volume accu-
rately, which requires the expertise of a liver surgeon. The Digital Imaging and 
Communications in Medicine (DICOM) standard has enabled volumetry on a stand-
alone or network attached Personal Computer (PC) remote from radiological hard-
ware (CT- or MRI-scanner).  

In 2007, our group conducted a retrospective study and proposed a method to 
perform liver volumetry with ImageJ,11 which is a free open-source image analysis 
software package developed at the National Institute of Health (NIH).8 In 2010, our 
group assessed the accuracy of OsiriX® for CT-volumetry of the liver.12 OsiriX® is a 
more user-friendly, freely downloadable open source image analysis software 
package for Apple Mac OS. The accuracy for CT-volumetry of the liver resection 
specimen prospectively prior to surgery has not yet been assessed for either of 
these software packages. Therefore, the objective of the present study was to 
compare ImageJ and OsiriX® when performing prospective CT-volumetric analysis 
of the liver on a PC in patients undergoing major liver resection. The study also 
planned to compare the prospective measurements of ImageJ and Osirix® to those 
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of CT volumetry performed by a radiologist using classic radiology software (iNtui-
tion®) linked to a CT scanner system. 

METHODS  

Patients 
Patients with primary or secondary liver tumours in otherwise normal livers (mostly 
colorectal cancer liver metastases) planned for a right hemihepatectomy at Maas-
tricht University Medical Centre between January 2008 and April 2009 were eligible 
for inclusion in this study. All patients had a contrast enhanced CT scan in their 
routine preoperative assessment either in our hospital or in one of the surrounding 
university-affiliated district general teaching hospitals. Patients were admitted to 
the hospital one day preoperatively, and routine blood tests were performed.  

Surgical procedure 
Liver resection was performed as detailed elsewhere.15 In each patient, laparotomy 
was performed by bilateral subcostal incision, followed by intraoperative ultra-
sonographic (US) assessment of the liver. Once resectability had been confirmed, 
appropriate mobilization of the liver was performed as a prelude to hepatic paren-
chymal transection, which was undertaken using a Cavitron Ultrasonic Surgical 
Aspirator (Force GSU System; Valleylab, Boulder, CO, USA). Argon beam coagula-
tion (Erbe, Tübingen, Germany), clips and sutures were used for haemostasis. Im-
mediately after liver resection, weights of resection specimens were recorded in 
the operating theatre with a Mettler Toledo scale.  

CT volumetry 
For volumetric analysis, four-phase CT scans were used that were provided on CD-
Rom on one of two different viewers: eFilm Lite (eFilm Medical,Toronto, Canada) or 
SIENET MagicView 300 VA42D (Siemens, Erlangen, Germany).  

Calculation of the liver volume using ImageJ 
ImageJ (version 1.33) was downloaded from http://rsb.info.nih.gov/ij/download.-
html (accession date: 01-01-08). The portovenous phase of all contrast enhanced 
CT-scans was used to facilitate optimal identification of liver segments and the 
anatomical resection plane. Details on how volumetry was performed with ImageJ 
have previously been described.11 Briefly, the relevant source images were indi-
vidually copied (Ctrl+V) from the CT viewer on the electronic patient care system 
and opened with ImageJ by dragging them to the ImageJ main window in the ap-
propriate order. In cases of tertiary referred patients relevant CT slices were 
searched in the original CT viewer on the CD-Rom. CT slices on a CD-ROM were 
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usually saved as compressed DICOM-files, which cannot be opened or viewed via 
Windows Explorer. Therefore, the “Tudor DICOM Viewer Plug-in” was downloaded 
(free) from http://imagejdocu.tudor.lu/ and installed in the ImageJ menu. This 
plug-in allowed to preview the relevant CT files and open them directly in ImageJ. 

The total liver, tumour and resected specimen were manually outlined. The re-
spective region of interest (ROI) of each slice was added to the ROI manager. The 
area of each ROI was calculated and then multiplied by the slice thickness. Finally, 
all slice volumes were added up to calculate the volume of each three-dimensional 
structure (i.e., total liver resected specimen, tumour).  

Prospective volumetric analysis: ImageJ 
Volumetric analysis using ImageJ was performed prospectively by two non-
radiologists (S.A.W.G.D., J.H.M.B.S.) during the preoperative evaluation of the pa-
tient and was blinded to the operating surgeon. For definition of the anatomic 
segments, Couinaud’s classification was used. In all right hemihepatectomies, tran-
section followed Cantlie’s line from the top of the gallbladder, paralleling the mid-
dle hepatic vein straight to the supra hepatic inferior caval vein. In all patients the 
middle hepatic vein remained in situ with the liver remnant. Consequently, during 
the venous phase, the middle hepatic vein on CT was used to perform the volumet-
ric measurement.  

To assess the accuracy of volumetric measurements of the liver with ImageJ, 
the volumes of resected specimens were compared with actual weights of the 
specimens. (The weights of the specimens had been recorded in the operating 
theatre immediately after resection.) The actual weights of the resection speci-
mens remained blinded to the investigators conducting CT-volumetry until all pa-
tients had been included and analysed prospectively. The functional remnant liver 
volume (FRLV) percentage was calculated with the following formula:  

 

volumelivertumourvolumelivertotal
volumeresectedlivertotal

FRLV
−

−
×= %100[%]  

Prospective volumetric analysis: OsiriX® 
The 32-bit OsiriX® version 3.3 was downloaded from: http://www.osirix-
viewer.com. A 2.8-Ghz Intel Core 2 Duo 24” iMac (Apple, Cupertino, CA, USA) was 
used. Details on how volumetry was performed with OsiriX® have been described 
previously.12 Volumes calculated with ImageJ were compared to the volumes ob-
tained by CT-volumetry using OsiriX® by one of the liver surgeons (R.M.van D.).  

Comparison of ImageJ and OsiriX® with iNtuition® 

Volumes calculated with ImageJ and OsiriX® were compared to the volumes ob-
tained by CT-volumetry performed by a specialized liver radiologist (R.S.A. van S.) 
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using radiology image analysis software from TeraRecon® linked to an Aquarius 
iNtuition® workstation. Volumetric analysis performed with ImageJ and OsiriX® was 
blinded to the radiologist. The volume of the liver resection specimen measured by 
the radiologist was used as a second standard of reference instead of the actual 
weight of the resection specimen.  

Reliability: ImageJ 
For analysis of interuser variability of ImageJ, volume measurements of total liver 
volume, functional liver volume and tumour volume performed before surgery by 
two investigators (S.A.W.G.D., J.H.M.B.S.) were compared. The first investigator 
had three years experience and the second investigator had no experience with the 
applied software and received instructions and training before starting with the 
measurements. Bland-Altman plots were used (see below, under Statisticical Anal-
ysis) to analyse the reliability of the ImageJ method.  

Time consumption: ImageJ 
The time consumed to perform one volumetric assessment of a liver with ImageJ 
including the total liver, the tumour, and the resected specimen was recorded for 
each of the 15 livers. To assess time consumption, workload and influence of slice 
thickness, the time needed to outline these three ROIs (total liver, tumour, re-
sected specimen) was recorded per slice in five livers.  

As in any volumetric measurement technique based on CT imaging data sets, 
the accuracy of the volume measurements is dependent on the slice thickness used 
for the volume calculation. The slice thickness used for volume measurement is 
also crucial for the time needed to perform the analysis because of manual outlin-
ing. Therefore, the influence of slice thickness on CT- based liver volume measure-
ments using ImageJ was also investigated. Total liver volume (TLV) was analyzed 
based on different slice thicknesses in these patients undergoing a right hemi-
hepatectomy. The relative change in TLV between volumetry performed with the 
standard of reference (0.5 cm) and volumetric measurements using thicker slices 
(1.0, 1.5, and 2.0 cm) was calculated with the following formulas: (TLV1.0 – TLV0.5) / 
TLV0.5 x 100%; (TLV1.5 – TLV0.5) / TLV0.5 x 100%; (TLV2.0 – TLV0.5) / TLV0.5 x 100%. The 
relative gain of time between volumetric measurements using different slice thick-
nesses was recorded and calculated in percentages as well.  

Statistical analysis 

Pearson’s coefficient was used to quantify the association between the volume of 
the resected specimen and the actual weight of the resection specimen. A value of 
P <0.05 was considered to indicate statistical significance. The resulting regression 
line was described as a linear equation, and the correlation coefficient (r) was cal-
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culated. Changes of calculated volumes were tested against zero with the use of a 
Wilcoxon signed rank test with a theoretical mean of zero. Data are presented as 
the mean ± standard error of the mean (SEM). 

The mean and standard deviation (SD) were calculated from the two volumet-
ric results for each user using ImageJ. Next, the limits of agreement as proposed by 
Bland and Altman16 were calculated. This method is based on the mean and SD of 
the difference between two ratings of the same patient. The mean difference be-
tween two users indicates systematic error. The SD of the difference between two 
users indicates random error. The 95% limits of agreement as in Bland and Altman's 
plots result in both quantification of random error and systematic error (1.96 * SD) 
of the measurement method. Statistics were performed using Prism 5.0 for Win-
dows (GraphPad Software, San Diego, CA, USA). 

RESULTS 

Patients 
Fifteen patients scheduled for right hemihepatectomy were included in the study. 
The median age of the patients was 63 years (48-79 years). None of the patients 
had preoperative evidence of underlying liver disease and routine liver tests were 
uniformly normal (table 1).  
 
Table 1. Patient’s characteristics 

Characteristics Median (range) 
Age (years) 63 (48-79) 
Sex (M/F) M 8, F 7 
Height (cm) 170 (155-191) 
Weight (kg) 76 (55-127) 
BMI (kg/ m²) 26 (19-43) 
AST (IU/l) 22 (7-52) 
ALT (IU/l) 30 (8-61) 
LDH (IU/l) 372 (312-469) 
yGGT (IU/l) 37 (29-258) 
ALP (IU/l) 98 (57-168) 
Bilirubin (μM) 12 (7-15) 

BMI body mass index, AST aspartate aminotransferase, ALT alanine aminotrasferase, LDH lactate dehy-
drogenase, γ GGT γ-glutamyltranspeptidase, ALP alkaline phosphatase  

Relation between prospective CT-measured liver volume and resected liver weight 
The mean weight of the resection specimens measured in the operating theatre 
was 788.8 (± 53.7) g. The mean resected liver volumes calculated with ImageJ, 
Osirix®, and iNtuition® were 987.7 ± 64.0, 944.7 ± 64.1, and 905.0 ± 59.9 ml, re-
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spectively. The mean ratios between measured weight and volume measured by 
ImageJ, Osirix® and iNtuition® was 0.78 ± 0.03, 0.81 ± 0.04, and 0.83 ± 0.04, respec-
tively. The mean remnant liver volume percentages measured by ImageJ, Osirix® 
and iNtuition® was 41.4 ± 1.6 %, 36.2 ± 1.5 % and 37.8 ± 1.6 %, respectively (Table 
2). In one patient two surgical procedures were possible, either a right posterior 
sectionectomy or a right hemihepatectomy. Both volumes were calculated pro-
spectively and finally the volume of right posterior sectionectomy was included in 
the analysis. There was a significant correlation between resected liver volumes 
calculated with ImageJ, Osirix® and iNtuition® prospectively and the actual meas-
ured weights of the resection specimens: r=0.89 and P<0.001; r=0.83 and P<0.001; 
r=0.85 and P<0.001; respectively (fig. 1).  
 
Table 2. Results for 15 CT volumetry and intraoperative measurements 

Measurements ImageJ user 1 ImageJ user 2 OsiriX® iNtuition® 

Total liver volume (ml) 1736.0 (±104.0)  1785.0 (±114.9)  1536.0 (±98.6) 1540.0 (±99.9)  

Resected liver volume (ml) 987.7 (±64.0)  1050 (±78.6) 944.7 (±64.1) 905.0 (±59.9)  

Tumour volume (ml) 14.0 (±4.3)  18.9 (±4.4) 12.0 (±3.7) 12.4 (±4.0)  

Remnant liver volume (%) 41.4 (±1.6)  39.0 (±1.4)  36.2 (±1.5) 37.8 (±1.6) 

Resected specimen weight / volume ratio (g/ml) 0.78 (± 0.03) 0.77 (± 0.03) 0.81 (± 0.04) 0.83 (± 0.04)  

Resected specimen weight (g) 788.8 (±53.73)     

CT computed tomography 

Interobserver variability: ImageJ 
Liver volumetry measurements using ImageJ were compared using Bland-Altman 
plots. The mean difference of TLV measurements between both users was 49.4 ml 
± 86.1 ml. The 95% limits of agreement were -218.2 to 119.4 ml (Fig. 2a). The mean 
difference of the liver resection specimen measurements between both users was 
53.0 ml ± 89.8 ml. The 95% limits of agreement were -228.9 to 122.9 ml (Fig. 2b). 
The mean difference of the %FRLV measurements between both users was 2.3% ± 
4.6%. The 95% limits of agreement were -6.7 % to 11.4% (Fig. 2c).  
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Figure 1. Correlation between volume measured prospectively with ImageJ, Osirix®
and iNtuition® and the resected specimen’s weight measured in the operating
theatre.  
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Figure 2a. Bland-Altman analysis for interobserver variability 
of outlining the total liver volume with ImageJ. Horizontal 
solid line indicates the mean average between the 2 users.
Horizontal dashed lines indicate 95% limits of agreement 
(mean ± 1.96 SDs). 
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Figure 2b. Bland-Altman analysis for interobserver variability of
outlining the resectional liver volume with ImageJ. 
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Figure 2c. Bland-Altman analysis for interobserver variability of
the %functional remnant liver volume (%FRLV) with ImageJ.  

Time to perform measurement and effect of slice thickness 
Time required for a single volumetric assessment of the liver with ImageJ (including 
total liver, tumour, resected specimen) was, on average, 20 minutes (range 15-30 
minutes). There was no statistical difference between the TLVs based on 0.5 vs. 1.0 
cm , 0.5 vs. 1.5 cm, and 0.5 vs 2.0 cm. The change in volume (calculated in percent-
ages) was not significantly different for volumetric measurements with different 
slice thicknesses. For a slice thickness of 1.0 or 1.5 cm, 80% of the measurements 
were within the 5 % limit of acceptance for the TLV change. When using the 2.0 cm 
slice thickness, only 60% of the measurements were within this limit. The mean 
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gain of time (calculated in percentages) by increasing slice thickness was 50% (0.5 
vs 1.0 cm), 64% (0.5 vs 1.5 cm) and 72% (0.5 vs 2.0 cm).  

ImageJ versus OsiriX® and iNtuition® 

There was a highly significant correlation between the volumes calculated with 
ImageJ and the volumetric analysis using OsiriX® (r=0.95, P<0.001). There was also 
a strong correlation between the volumes calculated with ImageJ and the volumet-
ric analysis performed by a radiologist using radiology image analysis software 
linked to radiological hardware (r=0.93, P<0.001).  

DISCUSSION  

The present study shows that prospective CT volumetric analysis of the liver in 
patients undergoing right hemihepatectomy with ImageJ and Osirix® on the sur-
geon’s PC is valid and reliable. In this study, we found a strong significant correla-
tion between resection weight and resection volume measured prospectively with 
ImageJ and OsiriX®. Practical advantages of ImageJ and Osirix® were described 
previously by our group.11,12,17 In our centre, the radiologists use the commercial 
image analysis software package iNtuition® for liver CT volumetry. There was a 
significant correlation between the resection weight and the resection volume 
measured prospectively with iNtuition®. There were no significant differences in 
the mean volumes between the three software packages. There was a strong corre-
lation between the volumes measured with radiology software iNtuition® and the 
volumes measured with ImageJ and Osirix®. This indicates that ImageJ and Osirix® 

even if operated by nonradiologists, are at least as appropriate for CT volumetry of 
the liver as professional radiology software. ImageJ and Osirix® bring preoperative 
liver CT volumetry within the surgeon’s reach, independent of the support of a 
radiologist. Hepatopancreatobiliary (HPB) surgeons should routinely perform CT 
volumetry in the preoperative assessment of patients undergoing a major liver 
resection. This is especially true for patients with a compromised liver function due 
to neoadjuvant chemotherapy, cirrhosis or steatosis or patients scheduled for an 
extended liver resection. 

As we11 and others18 concluded before, the time required to perform CT volu-
metry of the liver can be reduced by increasing slice thickness and thereby dimin-
ishing the number of CT slices that have to be outlined. Data from the current study 
show that in order to make a rough estimate of the FRLV (patients with a percent-
age FRLV of ≥30%) a slice thickness of 1.0 cm provides an optimal balance between 
accuracy and time efficiency. However, in patients with a marginally functional liver 
remnant volume (20-30%) a greater accuracy is needed. In these patients it is bet-
ter to use a smaller slice thickness in order to avoid over- or underestimation of the 
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volume. Time required to outline all ROIs is approximately 20 minutes in both Im-
ageJ and OsiriX®. However, OsiriX® has a significant advantage because it has an 
integrated picture archiving and communication system (PACS-system) in which the 
data (CT scans) of all examined patients are automatically stored. Additionally, 
OsiriX® is more user-friendly and ROIs can be selected semi-automatically, which 
saves time and lessens workload.12 

Interobserver variability for ImageJ between the two users for the volumetric 
assessment of the total and the resection liver volumes was low. Bland-Altman 
plots revealed that there was one outperformer in the measurements of the total 
liver volume and the resection specimen volume. This resulted in relatively wide 
confidence intervals. However, it is mainly the %FRLV that is crucial. It has been 
shown elsewhere that to perform liver resection safely %FRLV has to be at least 
26.6 % in patients with normal liver parenchyma.4 In the present study, the mean 
difference of the %FRLV measurements between both ImageJ users of 2.3% ± 4.6% 
was clinically acceptable because ImageJ users 1 and 2 predicted a %FRLVs of 41.4 
±1.6% and 39.0 ±1.4%, respectively. In other words, the resection volume differ-
ences between the two ImageJ users should have had no clinical consequences. In 
patients in whom the preoperative liver volume assessment shows that the re-
ported FRLV% approaches 26.6% , extra care is recommended.  

A possible limitation of estimating the future remnant liver volume with CT vo-
lumetry is the systematic overestimation of the liver volume compared to resection 
specimens’ weight. The physical density <1.0 g/ml and the systematic overestima-
tion of the liver volume in the present study was in accordance with previous stud-
ies.7,10-12, Inaccurate estimation of the resected specimen volume by CT volumetry 
can occur because the liver on a CT scan is in a perfused state and the postopera-
tive resection specimen is in an unperfused state. This applies to every radiologic 
application, and therefore some studies suggested the implementation of conver-
sion factors to improve volumetric accuracy.7,19,20 These factors are mostly based 
on the intraoperative resection volume determined with the use of the Archimedes 
principle. Unfortunately, this approach does not determine the influence of the 
blood content of the resection specimen. It might be that these conversion factors 
can lead to a more precise volumetric analysis of the liver, but their exact role re-
mains to be determined. Patients with steatosis have more fat in the liver, and the 
relative density of fat is 0.9 g/ml. Hence, the volume is larger and the weight less 
than that of a normal liver. Ultimately this changes the volume/weight standard 
and can also contribute to this systemic overestimation.  

In all right hemihepatectomies in the present study, virtual transection fol-
lowed Cantlie’s line and thus the middle hepatic vein (MHV) was used as a guide for 
prospective volume measurements. During surgery the demarcation line after se-
lective inflow occlussion is used for transection and may leave liver parenchyma 
outside (i.e. to the right of) the MHV in some patients. As a consequence, preop-
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erative estimation of the future resected specimen volume may be overestimated 
in some individuals. In line with this, Karlo et al. showed in a retrospective study 
that, despite a highly accurate definition of the transection line on preoperative CT 
or MRI scans using anatomical landmarks on postoperative MRI scans, the resec-
tion specimen volume was still overestimated.7 Systematic overestimation, how-
ever, does not affect the functional remnant liver volume as a percentage of the 
total functional liver volume, which is one of the most important indicators of the 
risk of postoperative liver failure. 

Conclusions 

User-friendly, easily accessible, free, downloadable software packages such as 
ImageJ and OsiriX® can be used reliably for prospective CT volumetry of resected 
liver specimens. The performance of ImageJ and OsiriX® is comparable to that of 
radiology software iNtuition®. OsiriX® is the most efficient and practical software 
package, but it can be used only at a Macintosh PC. For a Windows-based PC, Im-
ageJ is a good alternative.  
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ABSTRACT 

Background: Hepatocellular adenomas (HCAs) are rare benign tumours mostly 
occurring in women taking oral contraceptives. Due to the risk of rupture and ma-
lignant transformation, resection is suggested for HCAs >5 cm. Recent studies 
showed that selective arterial embolisation of haemorrhaging and non-
haemorrhaging HCAs was effective not only as acute treatment but, moreover, also 
decreased the size of the HCAs. Recently, due to genetic screening, it has also be-
come possible to identify adenomas with a very low to negligible risk of malignant 
transformation. A pilot study performed at the MUMC+ demonstrated the feasili-
bity of arterial embolisation to treat HCA. 
The aim of the current study is to test the hypothesis that minimally invasive em-
bolisation of non-ruptured HCAs leads to a reduction of the post-treatment mor-
bidity (i.e. any event with Clavien-Dindo ≥3) and mortality compared with a resec-
tional approach. 
Methods/design: a randomised controlled trial with a two-arm experimental de-
sign. Following a protected fine needle biopsy, patients with a negative β-catenin 
status and non-elevated α-fetoprotein (AFP) levels who are eligible for resection of 
their HCA will be randomised to either resection or selective arterial embolisation. 
The primary endpoint is the proportion of patients with treatment-related morbid-
ity and mortality (within 90 days after randomization). Secondary outcome pa-
rameters are functional recovery, quality of life and post-treatment body-image 
changes as well as direct and indirect medical costs. A blinded adjudication com-
mittee will judge all endpoints. Patients will be followed for 5 years with annual 
serum AFP levels and MRI of the liver follow up to screen for malignant transforma-
tion. 
Discussion: The current trial is a randomised controlled multicentre trial that will 
provide evidence on the merits of selective arterial embolisation of HCA.  
 
Registration: the trial will be registered with ClinicalTrials.gov. 
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INTRODUCTION 

Hepatocellular adenoma (HCA) is the most important, albeit uncommon, benign 
tumour of the liver. Although the reported incidence approximated one per million 
during the 1970s, a rise in incidence is seen over the last few decades.1,2 This is 
believed to be strongly associated to the widespread use of oral contraceptives,3-6 
as the incidence of these HCAs in long-term users of oral contraceptives ap-
proaches 30-40 per million.1,2 Other, less common aetiologies include use of ana-
bolic androgens and history of glycogen storage disease.7-11 
 
HCAs are hypervascular lesions comprised of multiple sinusoids of dilated thin-
walled capillaries with exclusively arterial blood supply, thereby resulting in a high 
blood pressure within these tumours.12 Although the majority of lesions are inci-
dental findings on cross-sectional images of the liver for unrelated reasons, some 
patients present with life-threatening haemorrhage.3,5 It is this risk of spontaneous 
bleeding, ranging from 20-40%,13-15 that may require treatment of HCAs even in 
absence of symptoms. Conflicting data regarding risk factors for severe haemor-
rhage is available, as some authors suggest that volume of the tumour and number 
of lesions pose no threat of bleeding.16,17 Others claim that the risk for spontaneous 
bleeding is related to the size of the HCA, since intratumoural bleeding is more 
frequently observed in large lesions (> 5 cm), and possibly due to the use of hor-
mones.18-23 Furthermore, a considerable body of literature is available to support a 
potential for malignant evolvement of this benign process into hepatocellular car-
cinoma (HCC), with a substantial risk of 4.3%.24 An established risk factor for this 
transformation to a malignant neoplasm is the size of the HCA, as malignant 
evolvement is rare in lesions smaller than 5 cm.12,18,25 As an additional risk factor, it 
has been suggested that a positive β-catenin status is associated with an increased 
chance of malignant alteration, although the majority of HCAs have a negative β-
catenin status.26 The Wnt/β-catenin signaling pathway plays a role within hepatic 
development, growth and regeneration, hence an aberrant, positive status has 
been shown to increase the risk of development of HCC.27,28  
 
Thus far, elective surgical resection has been regarded the gold standard treatment 
for patients with a HCA, as it provides long-term cure of symptoms, eradicates the 
possibility of bleeding and malignant evolvement and eliminates the option of 
leaving a lesion in situ that is misclassified on imaging as being benign.12,16,19,21 Es-
pecially in the group of lesions equal to or larger than 5 cm, resection is advised 
based on the previously mentioned risks of spontaneous bleeding and malignant 
transformation.18,20,21,23 
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In case of a haemorrhaging HCA, acute partial liver resection is associated with high 
perioperative morbidity and perioperative mortality.29,30 However, recent stud-
ies12,31-33 found selective arterial embolisation for ruptured and haemorrhaging HCA 
to be safe and effective in realizing haemodynamic stability. Moreover, a significant 
reduction in size was found on computed tomography (CT scan) or magnetic reso-
nance imaging (MRI scan) after embolisation,32 probably caused by the hypervascu-
lar nature of the HCAs with its exclusive arterial blood supply.12,32,34 It is this tumour 
regression in both haemorrhaging and non-haemorrhaging HCAs,32,34 and its subse-
quent reduction of the risk of severe haemorrhaging and probably also malignant 
transformation, which supports the use of selective arterial embolisation as a 
treatment for unruptured HCAs. Furthermore, even though elective liver resection 
for a non-ruptured benign tumour is associated with a low perioperative morbidity 
and near zero perioperative mortality,13,17,20,35 selective arterial embolisation is 
hypothesized to be a less invasive treatment for patients with a HCA, of whom the 
majority is represented by young, otherwise healthy individuals. Regarding the 
results of previous non-randomised studies and case series, it appears that selec-
tive embolisation for HCAs is an effective treatment for haemorrhaging and non-
haemorrhaging HCAs. We therefore seek to compare the safety and efficacy of 
selective arterial embolisation to surgical resection for non-haemorrhaging HCAs 
larger than 5 cm in diameter, to determine the most favourable treatment for 
these benign liver tumours. 

METHODS 

Study objectives 

The aim of the current study is to determine whether selective arterial embolisa-
tion for non-haemorrhaging HCAs is to be preferred over surgical resection of the 
lesion. Two research questions are employed in order to answer this objective. 
First, how does selective arterial embolisation compare to surgical resection in 
terms of perioperative morbidity and mortality (i.e. any event with a Clavien-Dindo 
classification Grade ≥3) within 90 days of treatment. Secondly, how do these two 
treatments compare with regard to long-term outcome such as quality of life and 
post-treatment body-image changes, functional recovery and direct medical and 
non-medical costs? 

Design of the study 

The current study is a multicentre, parallel-group, randomised trial to determine 
whether selective arterial embolisation is to be preferred over resection in patients 
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with an HCA measuring more than 5 cm in diameter. Data will be analysed accord-
ing to the intention to treat principle. Randomisation is performed by an internet 
randomisation module; block-randomisation per centre is used. Therefore, this 
design results in two treatment groups: patients who are randomised to selective 
arterial embolisation (group I) and patients who are randomised to surgical resec-
tion of the HCA (group II) (the choice of operative approach (i.e. an open versus 
laparoscopic approach) can be made at the discretion of the individual attending 
surgeon). (figure 1).  
 

Check in- and
exclusion criteria

Randomisation

Randomised to
selective arterial embolisation

N=47

Randomised to
surgical resection

N=47

Abbreviations:
FU-visits: follow-up visits
QoL: Quality of Life
ERAS: Enhanced Recovery 
After Surgery

Treatment of the adenoma Treatment of the adenoma

During hospital stay:
Patients managed according 

to ERAS- protocol

During hospital stay:
Patients managed according 

to ERAS- protocol

Following discharge from the hospital:
- After 2 & 6 weeks: FU-visits & QoL-surveys
- After 12 weeks: FU-visit & MRI-scan
- Every 6 months up to 5 years following 

surgery: FU-visits
- Post-embolisation: MRI-scans

Following discharge from the hospital:
- After 2 & 6 weeks: FU-visits & QoL-surveys
- After 12 weeks: FU-visit & MRI-scan
- Every 6 months up to 5 years following 

surgery: FU-visits

In case of insufficient 
response after selective 

arterial embolisation

Cross-over

Surgical 
resection of 

the adenoma

 
 

Figure 1. Flowchart 
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Moreover, it is imperative to be able to follow-up patients who did not meet the 
inclusion criteria of the current trial, as the absence of these patients may restrict 
generalisation of the results thus causing reduced external validity, which might 
compromise the representativeness of the study population. Due to unknown and 
uncontrolled confounders, these patients will be enlisted and subsequently ana-
lysed in a supplementary observational study.  
 
If signs of malignancy are detected on pre-inclusion MRI scan or CT scan or on a 
protected fine needle biopsy, the patient will be excluded from this trial and will 
receive standard treatment for (suspected) HCC. Specifically, all patients will un-
dergo a protected fine needle aspiration in order to determine the β-catenin status 
of their HCA. In addition to the aforementioned pro-malignant properties of β-
catenin, it has been hypothesized that inducing hypoxia in β-catenin positive tu-
mours may be associated with a higher risk of invasive growth and development of 
distant metastases.36 It is therefore of particular importance to determine the β-
catenin status of the HCA before hypoxia is induced by means of selective arterial 
embolisation. Moreover, α-fetoprotein (AFP) has been established as a marker for 
the diagnosis of HCC and therefore the serum levels of AFP will be evaluated prior 
to inclusion in the current trial. Those patients in whom an elevated level of AFP is 
found, will not be considered for participation in the SILVER-trial.  
 
The success of the therapy will also be measured by the degree of cross-over, spe-
cifically the number of patients who eventually underwent resection of the HCA as 
a result of insufficient response after selective arterial embolisation. Insufficient 
response, based on the series of Stoot et al,32 is defined as less than 25% reduction 
in size within 24 months after embolisation, growth of the tumour, persisting or 
emerging symptoms or haemorrhage. Therefore, success of therapy is defined as 
cross-over of less than 20%. 

Primary and secondary endpoints 

The aim of the current study is to test the hypothesis that minimally invasive, i.e. 
transarterial embolisation of non-ruptured HCAs will lead to a reduction of the 
post-treatment morbidity and mortality (i.e. any event that required a therapeutic 
intervention or hospitalisation) compared with a resectional approach. The primary 
endpoint is the proportion of patients with treatment-related morbidity and mor-
tality, with Clavien-Dindo Grade (≥3).37 Therefore, adverse events occurring from 
the time of the intervention until 90 days after discharge from the hospital are 
compared. 
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Morbidity 

Overall, compared with surgical resection, selective arterial embolisation is a safe 
procedure and a minimally invasive alternative. Post-embolisation morbidity is 
mostly self-limiting and may include fever; conversely, complications requiring 
reinterventions have also been reported.32  

Peri and post-operative morbidity could encompass haemorrhagic complica-
tions that occur predominantly during surgery or in the early postoperative phase, 
while biliary complications, intra-abdominal abscess or even liver failure may occur 
at a later phase. Also wound infection and sepsis will be monitored. Morbidity will 
be classified and analysed according to the validated classification for post-
operative morbidity as described by Clavien-Dindo.37 
 
Secondary outcome parameters are functional recovery, quality of life and post-
treatment body-image changes (Short Form 36 (SF-36) and the gastrointestinal 
Quality of Life Index (GIQLI)), and direct and indirect medical costs. Specifically, 
patients will be followed over time, thereby providing data on the overall effec-
tiveness of selective arterial embolisation compared with resection and thus giving 
insight in possible long-term adverse events. 

Post-treatment functional recovery 

Post-operative functional recovery is measured in days and length of post-
treatment hospital stay (measured in days and including re-admittance rate). Func-
tional recovery is based on several criteria.  

Firstly, adequate pain control with oral analgetics needs to be accomplished. 
Post-operative pain will be systematically registered twice daily using the validated 
verbally administered 0-10 NRS-11 (11 points numeric rating scale).38-40 Members 
of a specialised pain team will inquire patients to rate the intensity of their current 
pain on a scale of 0 (“no pain”) to 10 (“worst possible pain”). A score of 1-3 will be 
considered to be mild, 4 to 6 to be moderate and 7 to 10 to be severe.41 

Secondly, mobility at the preoperative level must be achieved. To report the 
differences between pre- and post-operative level of mobility, we developed the 
´ERAS Mobility scale´ (EMS), which is inferred from the ´Groningen activity restric-
tion scale´.42 To compare the level of mobility before and after surgical interven-
tion, the EMS, which contains nine items of basic actions, is used. Patients have to 
report their ability to fully independently perform these actions. This assessment 
will be performed once preoperatively and daily during post-operative admission, 
until mobility at the preoperative level is achieved. [Appendix 1]. 

Furthermore, patients must be able to eat solid foods, must have a normal or 
decreasing serum bilirubin and should no longer be dependent on intravenous 
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fluids. In general, when the criteria for full functional recovery are met, it is medi-
cally justified to discharge a patient. However, despite pre-admission counselling, 
an average delay in discharge of two days is reported, counting from the day full 
functional criteria are reached.43,44 Frequent causes of this delay are social prob-
lems, difficulties concerning homecare support or transportation issues. Therefore 
the data on functional recovery criteria and on the hospital length of stay will be 
independently collected and analysed. 

Quality of life and post-treatment body-image changes  

Differences in quality of life and changes in post-treatment body-image will be 
assessed for patients who underwent selective arterial embolisation compared 
with patients who underwent liver resection. We will use the Dutch language ver-
sion of the “Short Form 36-items” (SF-36) health status test in Dutch centres. The 
standard SF-36 will be used in international centres. The SF-36 is a well-validated, 
short-form health survey comprised of 36 questions.45,46 It yields an 8-scale profile 
of functional health and well-being scores as well as psychometrically-based physi-
cal and mental health summary measures and a preference-based health utility 
index. Assessment of quality of life will be performed at the time of consent, dis-
charge and two and six weeks after discharge [Appendix 2, in Dutch].  

Hospital costs and economic evaluation 

The economic evaluation will include a cost-utility analysis from a societal perspec-
tive. The incremental costs per Quality Adjusted Life Year (QALY) gained will be 
based on utility scores from the SF-36.47,48 All hospital costs (direct and indirect) 
related to both interventions will be assessed. In addition, costs related to activities 
or resources outside health care will be measured using a cost questionnaire. Unit 
prices will be based either on prices from the hospital financial department or the 
Dutch guidelines for cost-calculation.48 Moreover, the impact on productivity will 
be assesed, using the PRODISQ questionnaire (PRODuctivity and DISease Question-
naire [appendix 3, in Dutch]). The time horizon of the economic evaluation will be 
24 months (similar to the clinical study). 

Long-term adverse events 

While embolisation is hypothesized to be a safer procedure on the short-term, the 
current trial will also provide particular insight in the long-term effectiveness of this 
treatment compared with resection. Possible long-term adverse events, especially 
following hepatic resection, include incisional hernia, ileus or pain and occurrence 
of these complications will be recorded. Moreover, particularly in the post-
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embolisation group an important question which will be addressed, is whether 
these patients are still at risk for developing the aforementioned HCA-associated 
complications of hemorrhaging and malignant alteration. Therefore the rate of 
these specific adverse events will be noted and subsequently analysed.  

Participating centres 

All major hepato-pancreato-biliary (HPB) centres in the Netherlands will participate 
in this study. 

Study population 

Inclusion criteria 
- HCA measuring at least 5 centimetres in diameter 
- Patients fit to undergo liver resection 
- Patients understands both the nature and requirements of the study 
- Age at least 18 years 
- BMI between 18-35  
- ASA I-III 
- Oral and written informed consent 

Exclusion criteria 
- Inability to give written informed consent 
- HCA presenting with acute bleeding 
- History of hepatic malignancy 
- Adenomatosis (>10 HCAs) 
- Presence or strong suspicion of HCC, determined on MRI scan or CT scan 
- Positive positive β-catenin status determined after fine needle biopsy 
- Increased level of AFP 
- Pregnancy 
- ASA IV-V 

Ethics 

The current study will be conducted in accordance with the principles of the re-
vised version of the Declaration of Helsinki (October 2008, Seoul). The study proto-
col will be approved by the independent medical ethics committees of the partici-
pating hospitals. Written informed consent will be obtained from all patients prior 
to randomisation. 
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Safety and quality control 

All procedures will be performed by experienced hepatic surgeons and interven-
tional radiologists. Every six months a study group meeting will be organized, which 
is aimed at discussing all newly randomised patients. In particular, an independent 
monitoring-committee, consisting of two hepatic surgeons, an interventional radi-
ologist and an epidemiologist, will discuss all major adverse events (all morbidity 
Clavien-Dindo Grade ≥337 or signs of malignant alteration after treatment). This 
monitoring-committee will subsequently give advice to the trial steering commit-
tee.  

Study outline 

Patients who fulfil the inclusion criteria will be recruited at the outpatient clinic. 
Subsequently, following one week of reflection, written informed consent will be 
obtained.  

The randomisation will be done through the trial website. The experimental 
design produces two treatment groups: patients randomised to selective arterial 
embolisation (I) and patients randomised to surgical resection of their HCA (II). 
(figure 1). Analyses of the unrandomised groups will be treated as observational 
studies.49 
 
Before inclusion in this trial, an MRI scan or CT scan and, as previously explained, a 
protected fine needle biopsy50,51 will be performed. In case of findings suggestive 
for malignancy either on imaging52-55 or on biopsy,26,56,57 and moreover, if the HCA 
is found to have a positive β-catenin status, the patient will be excluded from par-
ticipating in this trial and treated according to the current guidelines for hepatic 
malignancies. Furthermore, if patients are found to have an elevated level of AFP, 
patients will not be eligible for participating in the current trial and will receive 
treatment tailored at their possible malignancy. All patients will have a standard 
pre-assessment by the anaesthesiologist.  

Surgery 

Resection of the HCA is undertaken at the discretion of the attending surgeon, both 
the open and laparoscopic approach are permitted.  

Selective arterial embolisation 

Selective arterial embolisation is performed according to the technique applied by 
the local interventional radiologist.  
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Perioperative care programme: Enhanced Recovery After Surgery (ERAS) 

Preferably, all patients will be managed according to the ERAS-protocol (Enhanced 
Recovery After Surgery).58 Daily guidelines of the pre- and post-operative care of 
patients undergoing a liver resection according to the ERAS programme are de-
picted in appendix 3 in order to establish a standardized pre- and post-operative 
management.  

This multimodal ERAS programme has proven to significantly accelerate recov-
ery and reduce hospital length of stay with 2 days after liver resection, based on a 
standardized pre- and post-operative management. In short, the programme con-
sists of preoperative counselling concerning the nature of the preoperative care 
and the role that the participants play in promoting their own recovery. No pre-
medication will be provided and no preoperative fasting will be instituted while 
carbohydrate containing liquids will be provided to up to 2 hours prior to surgery. 
During surgery patients will receive continuous mid-thoracic epidural anaesthesia 
and short acting anaesthetics, as well as oxygen supplementation. Perioperative 
fluid overload is avoided and non-opioid pain management is installed. Further-
more, nasogastric tubes are not routinely used and early removal of bladder cathe-
ters is standard, as are administration of laxatives and prokinetics, and early and 
enhanced post-operative feeding and mobilisation. 

The ERAS protocol also includes laboratory liver function tests and avoidance 
of excessive fluids (preoperative and per-operative central venous pressure of < 
5mmHg).44,58 

Follow-up 

Patients are observed during hospital admission. Follow-up visits are planned after 
two and six weeks, at which time the surveys pertaining to the quality of life will be 
conducted. All patients, irrespective of the received treatment, will undergo an 
MRI-scan 12 weeks post-procedure. For patients who underwent selective arterial 
embolisation, follow-up visits are planned every six months at which time patients 
also undergo an MRI-scan and annual control of serum AFP levels. For patients who 
underwent resection of their HCA, follow-up visits are also planned every six 
months, but in general no MRI-scans will be performed unless for those patients, in 
whom disease is left in situ, based on the size criterion (size < 5cm).  

For the primary endpoint, follow-up is completed 90 days post-operatively. For 
the secondary endpoint, a 5-year-follow-up after discharge will be viewed as com-
plete. This 5-year-follow-up will grant us the true long-term outcomes following 
resection and selective arterial embolisation for HCAs and will thereby provide us 
with a unique cohort within the Netherlands. 
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Statistical analysis 

Intention-to-treat 
The analysis will be performed in accordance with the intention to treat principle. 
However, data of those patients who failed their assigned treatment will be noted, 
in order to establish the degree of cross-over. Per protocol analysis will be per-
formed but solely for hypothesis generating arguments. 

Sample size calculation and statistical analysis 
Since selective arterial embolisation of non-haemorrhaging HCAs is expected to be 
a less invasive treatment, we hypothesized that the occurrence of post-treatment 
morbidity and mortality will be reduced. Conversely, patients who undergo selec-
tive arterial embolisation as treatment modality will possibly have a longer and 
more costly follow-up. Moreover, in some patients residual disease may remain in 
situ, possibly leaving these patients at risk for complications. Reported morbidity 
and mortality following elective liver resection at MUMC+ are 32% and 3.4% re-
spectively. As very limited data is available on using selective arterial embolisation 
as a treatment for non-ruptured HCAs, assumptions are made based on data from a 
non-published pilot conducted at MUMC+. Taking all these considerations into 
account, we therefore assumed that an expected absolute reduction of morbidity 
and mortality of 25% percent point and 3% percent point respectively can be 
judged as clinically relevant. So, it is expected that intra-arterial emobilisation can 
reduce the incidence of the primary endpoint from 32% to 7%. With 80% power at 
5% alpha (two-sides), sample size calculation requires 46 patients per randomised 
group in order to determine the difference in treatment effect on the primary end-
point. With loss-to-follow up of 1 patient per arm a total of 94 (2x47) patients will 
be randomized. 
 
Summary statistics will be obtained using established methods and presented as 
percentages or median values to assess the quality of the data, comparability of 
treatment groups and endpoints. Significance levels will be set at p< 0.05 and all 
tests will be two-sided. 

Data collection and monitoring 
Data are collected via a secured internet module, specifically designed for this trial. 
Data concerning patient characteristics, post-treatment morbidity, functional re-
covery, surgical/ anesthesiological parameters, length of stay, quality of life, patient 
compliance and costs will be prospectively collected using MACRO®. MACRO® is a 
web-based, real-time electronic data management system provided by CTCM (clini-
cal trial centre Maastricht) in which all data will be collected, through e-CRF´s (elec-
tronic case report forms), validated and stored in compliance with good clinical 
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practice (GCP) guidelines. All patient data will be de-identified. Data are collected 
daily during hospital admission. Preoperatively, and two and six weeks post-
operatively, the surveys to assess quality of life (SF-36 and GIQLI) are filled in by the 
patient. Outpatient department follow-up visits are planned at six months.  
 
Regular contact between the study coordinator and the participating centres will 
take place.  

DISCUSSION 

Although HCAs have a low, albeit rising, incidence, these benign tumours are a 
substantial risk factor for developing life-threatening bleeding3,5,13-15 and also har-
bour a significant risk of malignant evolution of 4.3%.16,24,59-62 Both hazards are 
thought to be associated with the size of the tumour (≥ 5 cm).12,18-22,25 
 
In general, for lesions smaller than 5 cm observation is justified, not only based on 
the smaller risk of complications, but also because of improved radiological reliabil-
ity which diminishes risks of misclassifying lesions on imaging as being benign. 
Moreover, repeat imaging does not pose a threat of bleeding nor of tumour cell 
dissemination and it is non-invasive. However, in case of tumour growth, interven-
tion is advocated.20,21,32  
 
Thus far, the recommended treatment for non-bleeding lesions of at least 5 cm is 
elective resection of the liver segment containing the HCA.12,16,19,21 However, selec-
tive arterial embolisation holds a promise in overtaking this position as it has prov-
en to cause significant tumour regression.12,29,31-34 The aim of selective arterial em-
bolisation is downsizing of the tumour by complete cessation of the arterial blood 
flow, which in turn would eliminate the risk of bleeding and would probably con-
comitantly decrease the hazard of malignant transformation, principally similar to 
resection of the HCA.12,32,34  

Furthermore, selective arterial embolisation is thought to be less invasive than 
hepatic resection, especially within the group of patients for which the incidence of 
HCA is highest: otherwise healthy, mostly young individuals using oral contracep-
tives.32,34,63 
 
In light of the promising preliminary results of selective arterial embolisation as a 
treatment for non-haemorrhaging HCAs larger than 5 cm, the risks that accompany 
resection should play a larger role in determining the optimal treatment strategy. 
However, only limited experience is available regarding this new indication for 
selective arterial embolisation as elective treatment for large non-haemorrhaging 
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HCAs, since only a few studies32,34 on this subject have been published. Therefore, 
there is need for a large randomised trial comparing both invasive techniques. 

Conclusion 

This trial is a randomised controlled multicentre trial set up to compare elective 
selective arterial embolisation to elective surgical resection for non-haemorrhaging 
HCAs measuring more than 5 cm in diameter. Moreover, this trial will provide data 
on the long-term outcomes in a unique cohort throughout the Netherlands. Results 
are expected in 2015. 
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APPENDIX 1.  
THE ERAS MOBILITY SCALE MMS  

Overview: The Maastricht mobility scale (MMS) is an instrument to compare the level of mobility before 
and after surgical intervention. 
 
Statements about Activities of Daily Living (ADL) - Can you fully independently:  
 
(1) dress yourself completely?  Yes / No 
(2) get in and out of bed?  Yes / No  
(3) stand up from sitting in a chair? Yes / No  
(4) wash yourself  Yes / No  
(5) get on and off the toilet?  Yes / No  
(6) feed yourself?  Yes / No  
(7) get around in the house/ward (if necessary with a crane)? Yes / No  
(8) go up and down the stairs?  Yes / No  
(9) prepare breakfast or lunch (light meals)?  Yes / No 
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APPENDIX 2.  
QUALITY OF LIFE QUESTIONAIRE SF-36, VALIDATED DUTCH 
TRANSLATION FOR DUTCH CENTRES 

SF-36 Gezondheidstoestand vragenlijst 
De volgende vragen gaan over uw gezondheidstoestand 
 
INSTRUCTIE: Deze vragenlijst gaat over uw standpunten t.a.v. uw gezondheid. Met behulp van deze 
gegevens kan worden bijgehouden hoe u zich voelt en hoe goed u in staat bent uw gebruikelijke bezig-
heden uit te voeren. 
Beantwoord elke vraag door het antwoord op de aangegeven wijze te markeren. Als u niet zeker weet 
hoe u een vraag moet beantwoorden, geef dan het best mogelijke antwoord. 
 
1. Hoe zou u over het algemeen uw gezondheid noemen? 
     (omcirkel één cijfer) 
Uitstekend    1 
Zeer goed     2 
Goed     3 
Matig     4 
Slecht     5 
 
2. Hoe beoordeelt u nu uw gezondheid over het algemeen, vergeleken met een jaar geleden? 
     (omcirkel één cijfer) 
Veel beter nu dan een jaar geleden  1 
Wat beter nu dan een jaar geleden  2 
Ongeveer hetzelfde nu als een jaar geleden  3 
Wat slechter nu dan een jaar geleden  4 
Veel slechter nu dan een jaar geleden  5 
 
3. De volgende vragen gaan over bezigheden die u misschien doet op een doorsnee dag. Wordt u door 
uw gezondheid op dit moment beperkt bij deze bezigheden? Zo ja, in welke mate? 
 
      (omcirkel één cijfer op elke regel) 
BEZIGHEDEN Ja, ernstig 

beperkt 
Ja, een beetje 

beperkt 
Nee, hele- 

maal niet beperkt 
a. Forse inspanning, zoals hardlopen, tillen van zware 
voorwerpen, een veeleisende sport beoefenen 

1 2 3 

b. Matige inspanning, zoals een tafel verplaatsen, 
stofzuigen, zwemmen of fietsen 

1 2 3 

c. Boodschappen tillen of dragen  1 2 3 
d. Een paar trappen oplopen  1 2 3 
e. Eén trap oplopen  1 2 3 
f. Bukken, knielen of hurken  1 2 3 
g. Meer dan een kilometer lopen  1 2 3 
h. Een paar honderd meter lopen  1 2 3 
i. Ongeveer honderd meter lopen  1 2 3 
j. Uzelf wassen of aankleden  1 2 3 
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4. Heeft u in de afgelopen 4 weken, een van de volgende problemen bij uw werk of andere dagelijkse 
bezigheden gehad, ten gevolge van uw lichamelijke gezondheid? 
 
      (omcirkel één cijfer op elke regel) 
 JA NEE 
a. U besteedde minder tijd aan werk of andere bezigheden 1 2 
b. U heeft minder bereikt dan u zou willen 1 2 
c. U was beperkt in het soort werk of andere bezigheden 1 2 
d. U had moeite om uw werk of andere bezigheden uit te voeren (het kostte u bv. extra 
inspanning) 

1 2 

 
5. Heeft u in de afgelopen 4 weken, een van de volgende problemen ondervonden bij uw werk of 
andere dagelijkse bezigheden ten gevolge van emotionele problemen (zoals depressieve of angstige 
gevoelens)? 
      (omcirkel één cijfer op elke regel) 
 JA NEE 
a. U besteedde minder tijd aan werk of andere bezigheden 1 2 
b. U heeft minder bereikt dan u zou willen 1 2 
c. U deed uw werk of andere bezigheden niet zo zorgvuldig als gewoonlijk 1 2 
 
6. In hoeverre hebben uw lichamelijke gezondheid of emotionele problemen u gedurende de afgelo-
pen 4 weken gehinderd in uw normale omgang met familie, vrienden of buren, of bij activiteiten in 
groepsverband? 
      (omcirkel één cijfer) 
Helemaal niet     1 
Enigszins      2 
Nogal      3 
Veel       4 
Heel erg veel     5 
 
7. Hoeveel lichamelijke pijn heeft u de afgelopen 4 weken gehad? 
      (omcirkel één cijfer) 
Geen      1 
Heel licht      2 
Licht       3 
Nogal      4 
Ernstig      5 
Heel ernstig     6 
 
8. In welke mate bent u de afgelopen 4 weken door pijn gehinderd in uw normale werk (zowel werk 
buitenshuis als huishoudelijk werk)? 
      (omcirkel één cijfer) 
Helemaal niet     1 
Een klein beetje     2 
Nogal      3 
Veel       4 
Heel erg veel     5 
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9. Deze vragen gaan over hoe u zich voelt en hoe het met u ging in de afgelopen 4 weken. Wilt u a.u.b. 
bij elke vraag het antwoord geven dat het best benadert hoe u zich voelde. Hoe vaak gedurende de 
afgelopen 4 weken. 
      (omcirkel één cijfer op elke regel) 
 de hele 

tijd 
meestal vaak soms heel  

soms 
geen 
enkel 
moment 

a. Voelde u zich levenslustig?  1 2 3 4 5 6 
b. Was u erg zenuwachtig?  1 2 3 4 5 6 
c. Zat u zo in de put dat niets u kon opvro-
lijken? 

1 2 3 4 5 6 

d. Voelde u zich rustig en tevreden?  1 2 3 4 5 6 
e. Had u veel energie?  1 2 3 4 5 6 
f. Voelde u zich somber en neerslachtig? 1 2 3 4 5 6 
g. Voelde u zich uitgeput?  1 2 3 4 5 6 
h. Was u een gelukkig mens?  1 2 3 4 5 6 
i. Voelde u zich moe?  1 2 3 4 5 6 
 
10. Hoe vaak hebben uw lichamelijke gezondheid of emotionele problemen u gedurende de afgelopen 
4 weken gehinderd bij uw sociale activiteiten (zoals vrienden of familie bezoeken, etc)? 
      (omcirkel één cijfer) 
Altijd      1 
Meestal      2 
Soms      3 
Zelden      4 
Nooit      5 
 
11. Hoe JUIST of ONJUIST is elk van de volgende uitspraken voor u? 
      (omcirkel één cijfer op elke regel) 
 volkomen 

juist 
grotendeels 
juist 

weet 
ik niet 

grotendeels 
onjuist 

volkomen 
onjuist 

a. Ik lijk wat gemakkelijker 
ziek te worden 

1 2 3 4 5 

b. Ik ben even gezond als 
andere mensen 

1 2 3 4 5 

c. Ik verwacht dat mijn 
gezondheid achteruit zal 
gaan 

1 2 3 4 5 

d. Mijn gezondheid is uit-
stekend 

1 2 3 4 5 
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APPENDIX 3. 
DAILY GUIDELINE OF THE POSTOPERATIVE CARE OF PATIENTS 
UNDERGOING A LIVER RESECTION IN THE ERAS PROGRAMME. 

Day before surgery: 
- Normal oral nutrition until midnight 
- No pre-anaesthetic medication 
- Laboratory tests 
 
Day of surgery 
- Carbohydrate drinks up to 2 hrs prior to surgery  
- Midthoracic epidural analgesia (low local anaesthetic+ low dose opioïd) 
- Short-acting i.v. anaesthetic agent  
- Preferably no nasogastric drainage, but when used remove after surgery 
- Use warm i.v. fluids and upper and lower body air-warming device 
- Avoid excessive i.v. fluids (pre- and per-operative CVP <5 mmHg) 
- No routine drainage of the peritoneal cavity  
- Patient sent to recovery ward  
- Restart oral intake of water / nutrition 
 
Post Operative Day (POD) 1 
- Patient sent to surgical ward 
- Patient mobilizes a minimum of four times a day 
- Discontinuation of i.v.-fluids 
- Patient drinks at least 1.5 litre 
- Normal diet 
- Continue portable epidural analgesia (local anaesthetic-low dose opioïd) 
- Remove urinary catheter 
- 1000 mg Paracetamol 6 hourly 
- 1000 mg Magnesiumoxide twice daily 
- Laboratory tests 
 
POD 2 
- Continue portable epidural analgesia with local anaesthetic- 
- Stop low dose opioïds 
- Continue mobilization a minimum of four times per day 
- 1000 mg Paracetamol 6 hourly  
- Normal diet 
 
POD 3 
- Stop epidural analgesia 
- Start NSAIDs  
- Continue mobilization  
- Normal diet 
- Laboratory tests 
- Check discharge criteria 
- Outpatient appointment made on postoperative day 10,11 or 12 
 
POD 4 
- Check discharge criteria  
- Patient receives cell phone number HPB-surgeon on duty 
- Discharge  
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ABSTRACT 

Background: The use of laparoscopic liver resection in terms of time to functional 
recovery, length of hospital stay (LOS), long-term abdominal wall hernias, costs and 
quality of life (QOL) has never been studied in a randomised controlled trial. There-
fore, this is the subject of the international multicentre randomised controlled 
ORANGE II trial. 
Methods: Patients eligible for left lateral sectionectomy (LLS) of the liver will be 
recruited and randomised at the outpatient clinic. All randomised patients will 
undergo surgery in the setting of an ERAS programme. The experimental design 
produces two randomised arms (open and laparoscopic LLS) and a prospective 
registry. The prospective registry will be based on patients that cannot be random-
ised because of the explicit treatment preference of the patient or surgeon, or 
because of ineligibility (not meeting the in- and exclusion criteria) for randomisa-
tion in this trial. Therefore, all non-randomised patients undergoing LLS will be 
approached to participate in the prospective registry, thereby allowing acquisition 
of an uninterrupted prospective series of patients. The primary endpoint of the 
ORANGE II trial is time to functional recovery. Secondary endpoints are postopera-
tive LOS, percentage readmission, (liver-specific) morbidity, QOL, body image and 
cosmetic result, hospital and societal costs over 1 year, and long-term incidence of 
incisional hernias. It will be assumed that in patients undergoing laparoscopic LLS, 
length of hospital stay can be reduced by two days. A sample size of 55 patients in 
each randomisation arm has been calculated to detect a 2 day reduction in LOS 
(90% power and α=0.05 (two-tailed)). 
The ORANGE II trial is a multicentre randomised controlled trial that will provide 
evidence on the merits of laparoscopic surgery in patients undergoing LLS within an 
enhanced recovery ERAS programme. 
 
Trial registration: ClinicalTrials.gov NCT00874224. 
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BACKGROUND 

Liver resection for colorectal metastases is the only potentially curative therapy, 
and has become the standard of care in appropriately staged patients, offering 5-
year survival rates of approximately 35-40%.1 For symptomatic benign lesions and 
those of uncertain nature or large size, liver resection is also a widely accepted 
treatment. Within the framework of optimising post-operative recovery and/or 
producing a shorter length of stay (LOS) in hospital, laparoscopic surgery and en-
hanced recovery programmes have recently been introduced for liver surgery. 

Laparoscopic liver resection was first described in 1995.2 Over the past decade 
the method has gained wide acceptance for various liver resection procedures.3-9 
Multiple retrospective case series and reviews comparing open with laparoscopic 
liver resection indicate that laparoscopic liver resection can be used safely for both 
malignant and benign liver lesions.10-15 Recent publications from expert centres 
show that a substantial part of the total volume of major and minor liver resections 
is performed laparoscopically, and results are good.16,17 Laparoscopic liver resection 
is associated with shorter LOS, less postoperative pain, earlier recovery, and better 
quality of life (QOL).9,13,18,19 Comparing patients undergoing an open left lateral 
sectionectomy (LLS) of the liver with those undergoing laparoscopic LLS, both Vi-
gano et al. and Carswell et al.20,21 found no significant difference in operating time 
between the two groups. In addition, the median length of postoperative LOS was 
significantly less (6 vs. 9 days, P < 0.01) after laparoscopic resection.3 Furthermore, 
no evidence of a compromised oncologic clearance in laparoscopic liver resection 
has been found.3,13 However, recovery and LOS are not only dependent on the type 
of surgery or procedure, and other variables should also be taken into account. 

The Enhanced Recovery After Surgery (ERAS) programme has been introduced 
to improve postoperative care. This multimodal programme, derived from Kehlet’s 
pioneer work in the 1990s for multimodal surgical care, involves optimisation of 
several aspects of the perioperative management of patients undergoing major 
abdominal surgery. In patients undergoing segmental colectomy, the ERAS pro-
gramme enabled earlier recovery and consequently shorter LOS.22-25 Furthermore, 
a reduction of post-operative morbidity in patients undergoing intestinal resection 
was reported.26-29 These results stimulated liver surgeons of the ERAS® group 
(Maastricht, Edinburgh and Tromsö) to adapt the ERAS programme to patients 
undergoing open liver resection. Van Dam et al.30 found a significantly reduced LOS 
after open liver resection when patients were managed within a multimodal ERAS 
programme. Besides a reduction in median total LOS from 8 to 6 days (25%), the 
data also suggested that a further reduction in stay could be possible as there was 
a delay between the recovery and actual discharge of the patients [30]. Moreover, 
Stoot et al. found retrospectively that there was a further reduction in LOS from 7 
days to 5 days when patients were operated laparoscopically and managed within 
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an ERAS programme.31 In that study there was also a delay between recovery and 
actual discharge of the patients. Previously, Maessen et al. reported a median de-
lay to discharge of 2 days after patients had functionally recovered after colonic 
surgery managed within an ERAS programme.32 This delay is often linked to patient 
age, hospital logistics, and absence of social and/or homecare support. 

In most reported trials aiming at earlier recovery or a reduction in LOS, type of 
surgery and/or perioperative management were not standardised. In addition, the 
added value of laparoscopic LLS compared with open left lateral sectionectomy 
within an ERAS programme in terms of time to functional recovery, LOS in hospital, 
costs, and QOL has never been studied in a randomised controlled trial (RCT). How-
ever, randomisation of patients undergoing open or laparoscopic liver resection is 
hazardous. It is to be expected that experienced centres will be reluctant to ran-
domise patients because of the absence of clinical and patient equipoise for lapa-
roscopic resection. To capitalise on both centres with and without preference for 
laparoscopic liver surgery, and to thereby acquire an uninterrupted prospective 
series of patients, an alternative trial design with two randomisation arms (open 
versus laparoscopic surgery) and a prospective registry has been constructed for 
the ORANGE II trial. The combination of an RCT and a prospective registry will im-
prove overall power and strengthen the external validity and generalisability of 
study results.33-35 

METHODS 

Ethics approval 

The study has been approved by the Medical Ethical Review Board of the Maas-
tricht University Medical Centre, Maastricht, The Netherlands trial number NL 
25591.068.08 / MEC 08-2-110. Ethics consent will also be obtained from the na-
tional or regional ethics boards in each participating country. Patients willing to 
participate in this trial will receive both verbal and written information at the time 
of recruitment in the outpatient clinic. In accordance with the local medical ethics 
committee all participating sites will provide an independent surgeon or physician 
if needed. An independent surgeon (M. Poeze) has been appointed for the Maas-
tricht University Medical Centre to answer questions. Confidentiality is guaranteed 
by assigning the participators an encoded trial number. This indicates that only the 
physician with the decoding ‘key’ will know which code number has been assigned 
to any patient. All trial data will be saved during the trial and stored on a server, 
and patients will be asked to consent to future analysis of these data. Withdrawal 
from the trial at any time or for any reason will not hold any form of consequences 
for the patient, and data from these patients will be deleted. 
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Study design 

The ORANGE II trial is a prospective superiority study with an experimental design, 
using two double-blinded randomised controlled arms and a prospective registry to 
determine whether laparoscopic surgery is to be preferred over open surgery in 
patients undergoing a LLS and participating in an enhanced recovery programme. 
In the participating randomising centres, patients, nurses and the ward physician 
(but not the operating surgeon) will be blinded for the type of intervention up to 
and including postoperative day (POD) 3. They will record the functional recovery 
criteria twice daily. Only the investigator and operating surgeons will know the 
actual procedure. The blinded ward physician(s) will decide on whether a patient 
will be discharged or not. 

However, randomisation of patients undergoing open or laparoscopic liver re-
section is hazardous as previously explained. Moreover, another potential source 
of bias exists when randomising patients with a strong treatment preference. 
When patients cannot be blinded to their treatment allocation (POD 3) they may be 
resentful and demoralised if they do not receive their preferred treatment, and 
consequently they may have poor compliance. By contrast, patients receiving their 
preferred treatment may have above-average compliance. 

Thus to capitalise on centres both with and without preference for laparo-
scopic liver surgery, and thereby to acquire an uninterrupted prospective series of 
patients, all non-randomised patients undergoing a LLS will be approached to par-
ticipate in the prospective registry. Registration of these patients is imperative to 
guarantee a consecutive series of patients and also because the absence of such a 
series may restrict generalisation of the results, as randomised participants may 
not in fact be representative.36 The combination of an RCT and a prospective regis-
try will improve overall power and strengthen the external validity and generalis-
ability of study results.33-35 This non-randomised registry group will be analysed for 
centre and centre by treatment interaction as an observational study. Medical 
centres that wish to participate in this trial, but with liver surgeons early in the 
laparoscopic learning curve, will be accompanied during the procedure by an ex-
perienced proctoring laparoscopic HPB-surgeon. 

Primary and secondary endpoints 

The primary endpoint of the ORANGE II trial is time to functional recovery. A pa-
tient is fully functionally recovered when all of the following five criteria are satis-
fied: 1) adequate pain control with oral analgesia; 2) restoration of mobility to an 
independent level; 3) absence of intravenous fluid administration; 4) ability to eat 
solid foods; and normal or decreasing serum bilirubin level and international nor-
malised ratio. 
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It is medically justified to discharge patients when the criteria for full functional 
recovery are met and if the patient is willing to go home. Secondary endpoints 
include postoperative LOS in hospital, percentage of readmissions, total morbidity 
(both general and procedure related), composite endpoint of liver-surgery-specific 
morbidity, QOL, body image and cosmesis, reasons for delay of discharge after 
functional recovery, hospital and societal costs over 1 year, and long-term inci-
dence of incisional hernias. 

Morbidity 

The preoperative morbidity status of patients will be measured using the American 
Society of Anesthesiologists (ASA) scale. The Portsmouth modification of the Physi-
ological and Operative Severity Score for the Enumeration of Mortality and Morbid-
ity (P-POSSUM) will be used to evaluate the risk of perioperative morbidity and 
mortality. Post-operative morbidity is rationally predictable, with hemorrhagic 
complications occurring predominantly during surgery or in the early postoperative 
phase, and biliary complications, intra-abdominal abscess, or liver failure in the 
later postoperative phase. Wound infection and sepsis will be additional complica-
tions that require monitoring. Morbidity will be classified and analysed according to 
the validated classification for postoperative morbidity as described by Dindo et 
al.37 

Liver resection-specific composite endpoint 

In this trial, we will also use a well-defined liver surgery-specific composite end-
point, as suggested by van den Broek et al.38 This endpoint is a parameter com-
posed of a combination of procedure-specific complications, which is considered as 
a single, dichotomous outcome: operative mortality, intra-abdominal haemor-
rhage, ascites, bile leakage, intra-abdominal abscess, and post-resectional liver 
failure. These components, which are all specific to liver surgery and have substan-
tial clinical relevance, reflect complications rated as Dindo grade 3–5. A composite 
score of 1 (failure) will reflect the occurrence of at least one of the above liver-
specific complications, and a score of 0 (success) will be assigned if none of these 
occur. 

Quality of life 

To assess QOL in patients undergoing laparoscopic versus open LLS, the Dutch ver-
sion of the EuroQol five-dimension (EQ-5D) status test in Dutch centres and the 
translated EQ-5D for international centres will be used. The EQ-5D is a standardised 
instrument for use as a measure of health outcome, which consists of the five di-
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mensions of mobility, self-care, usual activities, pain/discomfort, and anxi-
ety/depression, with three levels each and a rating on the EQ visual analogue scale 
(VAS; 0–100).39-41 Furthermore, the European Organisation for Research and 
Treatment (EORTC) 30-item post-cancer QOL questionnaire (QLQ-C30; with the 
liver metastases (LM21) module will be used for liver-specific treatment measure-
ments.42 Assessment of the patients’ QOL will be performed at the time of consent, 
discharge and 10 days, 3, 6 and 12 months after discharge. 

Body image and cosmesis 

To evaluate differences in postoperative body image and cosmesis, the Body image 
Questionnaire (BIQ) will be used,43,44 which consists of eight questions about body 
image and cosmesis. The body image assessment will be performed preoperatively 
at time of consent. Both the body image and cosmesis assessment will take place at 
discharge, and at 10 days, 3 months, 6 months and 12 months after discharge. 

Hospital and societal costs 

The economic evaluation will include a cost-utility analysis from a Dutch societal 
perspective. The incremental costs per quality adjusted life year (QALY) gained will 
be based on utility scores from the EQ-5D.39-41 All hospital expenses (direct and 
indirect) related to both interventions will be monitored. In addition, a cost ques-
tionnaire offered at the regular follow-up consultation (3, 6 and 12 months) will 
help assess the societal and individual costs outside health care relating to patients’ 
absence, impaired mobility, work, or normal daily activities. Unit prices will be 
based either on prices from the participating hospital financial departments or will 
be extrapolated using Dutch guidelines for cost calculation.45 

Incidence of incisional hernias 

Incisional hernia after open surgery is a well-known complication of surgery, with 
an incidence of up to 20% after a 10-year period.46 In patients undergoing a sigmoid 
resection, Anderson et al. found that laparoscopic resection led to a significantly 
lower incidence of incisional hernia compared with open surgery.47 Furthermore, in 
two retrospectively analysed series of patients who received a partial hepatectomy, 
different types of incisions were compared. D’Angelica et al. reported that the 
common incisions used for partial hepatectomy were the Mercedes incision and 
extended right subcostal (ERSC) incision, and that the ERSC incision provides ade-
quate, safe access and is associated with fewer long-term wound complications 
(9.8% vs 4.8%, P<0.001).48 More recently, Togo et al. reported frequencies of inci-
sional hernia after median, J-shaped, right transverse incision with a vertical exten-
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sion at the midline from the subumbilical region to the xiphoid process (RTVE), and 
reversed T incisions to be 6.3%, 4.7%, 5.4%, and 21.7%, respectively. A diagnosis of 
‘no hernia’ required a minimum follow-up of 12 months.49 

To assess the incidence of incisional hernias in patients undergoing laparo-
scopic and open LLS, they will be contacted at a mean time of 1 year after resection 
to undergo ultrasonography to assess the incidence of incisional hernia. 

Study population 

Every patient requiring a LLS will be identified and informed at the outpatient clinic 
about open and laparoscopic liver resection. Only patients meeting the inclusion 
and exclusion criteria will be approached for randomisation. After reading the OR-
ANGE II trial patient information and being allowed 1 week for consideration, pa-
tients will be asked for their informed consent. All patients ineligible for randomisa-
tion will be approached for participation in the prospective registry. If patients 
express an explicit preference, they will be allocated to the prospective registry and 
interviewed to ascertain the reasons for their preferences. Personal written in-
formed consent will be obtained for all groups. Randomisation will be carried out 
through the ORANGE II trial website using web-based randomisation software 
(TENALEA®; www.tenalea.com). 
 
Patients will be approached for randomised inclusion if they meet each of the fol-
lowing inclusion criteria: require LLS; willingness to participate in the study; able to 
understand the nature of the study and what will be required of them; are men or 
non-pregnant, non-lactating women between the ages of 18 and 80 years of age; 
have a body mass index of between 18 and 35; and have ASA grading of I to III. 

The exclusion criteria are: liver resection other than LLS; underlying liver dis-
ease; unwillingness to participate; inability to give written informed consent; and 
ASA grading of IV to V. 
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Figure 1 Orange II trial flowchart. 

ERAS programme 

All patients will participate in the ERAS liver programme, with a standardised pe-
rioperative management. Daily guideline of post-operative care of patients under-
going a hepatectomy in the Enhanced Recovery After Surgery (ERAS) programme 
(Figure 2). 

Functional recovery criteria 

The evaluation of time to functional recovery will start on POD 0 and will be scored 
twice daily until discharge from the hospital. The discharge process starts at the 
pre-admission counseling session, during which any special needs of the patients 
will be determined (for example, homecare or social support, transport. Before 
admittance, any problem that could delay discharge will be identified and ad-
dressed. Patients will only be discharged when they have met the functional recov-
ery criteria and are willing to go home. Reasons to delay discharge after functional 
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recovery will be monitored and documented. Functional recovery criteria and LOS 
in hospital will be independently monitored and analysed. 
 

Figure 2 Daily guide of postoperative care of patients undergoing a hepatec-
tomy in the ERAS programme. 

Adequate pain control with oral analgesics 

Postoperative pain will be systematically registered twice daily using the validated 
verbally administered 11-point numeric rating scale (NRS-11, 0 to 10).50-53 Members 
of a specialised pain team will ask patients to rate the intensity of their current pain 
on a scale of 0 (no pain) to 10 (worst possible pain), with pain rated as ‘mild’ (1 to 
3) ‘moderate’ (4 to 6) or ‘severe’) 7 to 10.54 The NRS-11 seems to be better ac-
cepted by most patients and to be at least as sensitive and valid as the more tradi-
tional VAS ratings.53 

Tolerance of solid food 

Fluid and solid food intake will be monitored and must return to normal, that is, 
when oral intake of water or normal food is resumed and continued for at least 24 
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hours. Furthermore, the incidence of postoperative nausea and vomiting, which 
obviously influences intake, will be monitored postoperatively until day 6 using a 
scale ranging from 0 (no nausea) to 10 (worst possible nausea), and where neces-
sary, be countered prophylactically by antiemetic treatment,  

Mobility 

To assess the difference between the preoperative and postoperative mobility 
level, the ERAS Mobility Scale (EMS) has been developed from the Groningen Activ-
ity Restriction Scale.55 The EMS assesses 10 basic actions to compare the level of 
mobility before and after surgical intervention. When the patient is able to perform 
8 of the 10 items, they are independently mobile. Patients will be assessed whether 
they are able or not to independently perform these basic actions fully. Daily the 
assessment will be repeated and compared with the preoperative baseline score 
until mobility at an independent or preoperative level is achieved. 

Statistical analysis 

Sample size 
Because laparoscopic liver surgery focuses on accelerated recovery, time to func-
tional recovery is used as the primary outcome parameter. Owing to the lack of 
hard evidence about the reduction in time to functional recovery after liver sur-
gery, we have chosen to use the parameter that most accurately approaches our 
primary endpoint for our power calculation (LOS). Based on a retrospective analysis 
of 31 patients in both ERAS and non-ERAS settings, who have undergone LLS from 
1990 to the present time, the mean ± SD post-operative hospital stay for a LLS in 
the Maastricht University Medical Centre is 6 ± 2.73. It therefore seems that that in 
patients undergoing laparoscopic LLS, time to functional recovery is reduced in 
comparison to patients undergoing the open procedure. We are aiming for a reduc-
tion in time to functional recovery of 2 days. A sample size of 2 × 40 patients in the 
randomisation arms will be sufficient to show a 2-day reduction with a power of 
90% and a level of significance at α = 0.05 (two-tailed, given a within-arm SD of 
2.73 with effect size d = 0.73). Assuming an expected withdrawal rate of ≤ 10% 
during the trial, the participation of at least 10 centres, and the required addition 
of one randomised patient per arm for every additional participating centre (C) to 
compensate for the loss of degrees of freedom incurred in the data analysis, which 
takes centre and treatment × centre effects into account, a total sample size of 110 
(n = 2 × 55) will be required. 
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For all secondary outcome measures, the power will be 75% after correction for 
multiple testing with two-tailed α = 0.01, assuming the same effect size (d=0.73) as 
for the primary outcome. An interim analysis of the primary outcome, using Snap-
inn’s method, will be performed after inclusion of 50% of the sample to avoid un-
necessary inclusion of too many patients in this ORANGE II trial.56 

Descriptive statistics 

The primary outcome parameter of time to functional recovery and the secondary 
parameter of LOS in hospital will be given in days, with a median and range. Mor-
bidity will be classified according to the classification described by Dindo et al. and 
defined as a dichotomous composite endpoint, while readmission will be given as a 
percentage. Scores for quality of life, body image and cosmesis will be given as 
mean and standard deviation per time point per treatment arm. Hospital costs will 
be given as median and range. Long-term incidence of incisional hernia will be 
reported and analysed. 

Univariate analysis 

The primary outcome measure of time to functional recovery will be measured in 
days, and will be analysed with fixed-effect regression that will take centre and 
treatment × centre interaction into account as fixed effects. If the actual number of 
centres and the sample size per centre allow random effects analysis, this will also 
be performed and this analysis will have the same power as the planned fixed ef-
fects analysis if the design effect does not exceed 1.2. With a sample size of 10 
patients per centre, the design effect is 1.2 if the intraclass correlation (ICC) is 0.02, 
where the ICC is based on treatment × centre interaction.57 

All secondary outcomes as measured at discharge will be analysed by fixed-
effect regression using linear regression for quantitative outcomes and logistic 
regression for binary outcomes, and including the baseline measure as a covariate 
to improve power and precision. In addition to P-values, confidence intervals for all 
effects will be reported. Morbidity will be classified as described by Dindo et al., 
but will be presented as raw data only because the required sample size for inter-
vention effects on morbidity is much larger than the calculated sample size for this 
trial.58 

Economic evaluation 

The economic evaluation will include a cost-utility analysis from a societal perspec-
tive. The time horizon of this evaluation will be the same as the duration of the 
trial, that is, 12 months. All costs (direct and indirect) related to both interventions 
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will be calculated. The final cost calculation of unit costs will be based on a com-
bined bottom-up and top-down approach. In accordance with Dutch guidelines for 
cost calculation, indirect healthcare costs will not be taken into account. In addi-
tion, resource use will be measured by use of primary data that is registered in our 
case record forms (CRFs) by use simple checklists. Furthermore, a questionnaire 
will be used to survey the direct non-healthcare costs related to travelling, im-
paired mobility and domiciliary care (for normal daily activities). The incremental, 
indirect non-healthcare costs per QALY gained will be based on the utility scores 
from the EQ-5D.39-41 For all direct healthcare costs, the unit prices will be based 
either on prices from the hospital financial department or the Dutch guidelines for 
cost calculation.45 

Registry 

The prospective registry of patients who cannot be randomised because of ineligi-
bility or because of explicit treatment preference on the part of the patient or sur-
geon will be analyzed as an observational study. In addition, data from the registry 
will be analyzed for interaction between treatment, centre, and study type (ran-
domised or not). On condition that there is no interaction between treatment, 
centre, and study type, and that the observational study does not suffer from se-
vere confounding (because adjusting for that strongly reduces the power of the 
observational study), pooling of both studies should give more power than sepa-
rate analyses of either study. Possible confounders will be registered in the CRFs. 
The inclusion of the prospective registry in the trial design will create an uninter-
rupted case series, which will increase external validity and generalisability. 

Data collection 

Data concerning patient characteristics, functional recovery, surgical and anaesthe-
siologic parameters, morbidity, LOS, QOL, patient compliance, and costs will be 
prospectively collected using both paper CRFs and an open source clinical trial 
software platform (OpenClinica®; Ikaza Research, Cambridge, MA, USA) that uses e-
CRFs for electronic data capture and clinical data management, which are validated 
and stored in compliance with good clinical practice guidelines. The e-CRFs will be 
stored in a secured database (Oracle Cor., Redwood Shores, CA, USA), and as stated 
previously, all patient data will be encoded to ensure privacy. 

Monitoring 

For this trial, a Data and Safety Monitoring Board (DSMB) has been appointed that 
will consist of three members: a chairperson, an independent statistician, and a 
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medical specialist. In a concerted effort a DSMB charter will be developed, and all 
three members will sign a non-competing interest form. The DSMB will be respon-
sible for safeguarding the interests of trial participants, assessing the safety and 
efficacy of the interventions during the trial, and monitoring the overall conduct of 
the clinical trial. 

Intention to treat 

Analysis of all patients will be performed according to the intention-to-treat princi-
ple: patients will be analysed as randomised or as planned in the non-randomised 
prospective registry, and all patients will be included in the data analysis with 
proper methods for handling missing data. 

DISCUSSION 

Several authors have indicated that laparoscopic liver resection has many benefits 
over conventional open liver resection. However, this has never been proven in an 
RCT, and what the primary endpoint should be for an RCT comparing open and 
laparoscopic liver resection is a subject to debate. Using either liver surgery-related 
mortality or liver surgery-specific morbidity as an endpoint is not feasible, because 
patient accrual would take many years and be a logistically major global effort.58 
LOS in hospital, time to recovery, long-term incisional hernias, body image, and 
costs are potential candidates because improvements in these are some of the 
possible benefits. Laparoscopic liver resection is appealing for many surgeons and 
patients, but the learning curve for the surgeon is thought to be long and costly for 
hospital budgets. However, operating times in laparoscopic LLS tend to be shorter, 
and may compensate for expenses in technology and consumables.31,59 Moreover, 
the existing trials in liver surgery have not evaluated time to recovery or LOS in 
hospital after laparoscopic liver resection within an enhanced recovery pro-
gramme. The more rapid recovery reported after enhanced recovery programmes 
may be further accelerated as a consequence of small incisions in laparoscopic 
surgery. In addition, learning curves for laparoscopic left lateral resection or ante-
rior segments seem to be reasonably short for liver surgeons with advanced laparo-
scopic experience.60 The question remains whether an RCT is necessary to prove 
that laparoscopy should be accepted as the preferred a method to perform liver 
resection. In the Louisville consensus meeting on laparoscopic liver surgery, it was 
stated that laparoscopic LLS should be standard practice in experienced hands.61 
However, this may have been a subjective vision of a subset of opinion leaders, 
because long experience with both open and laparoscopic liver surgery was the 
main characteristic of those attending the meeting. Undoubtedly, the dissemina-
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tion phase of laparoscopic liver surgery has started, and it is to be expected that 
many surgeons will adopt this technique in the future. A multinational multicentre 
prospective registry, a well-organised multicentre RCT, training programmes, and 
quality control measures are of great importance during this adoption period.33 
It is well recognised that a well-conducted double-blind RCT provides the highest 
level of evidence to prove the possible benefits of laparoscopic liver resection. 
However, performing an RCT in surgery is not without difficulties, and alternative 
trial designs may be necessary.33,34,62 First, the intervention needs to be tested in a 
standardised environment, and the properties of the intervention should remain 
unchanged during the trial period. This seems impossible for an intervention such 
as laparoscopic liver surgery in a multicentre RCT. Experience varies between par-
ticipating centres, and will vary over time. Moreover, local standards for periopera-
tive care are different. Both LLS and the ERAS® enhanced recovery protocol provide 
the standardisation needed. The learning curve of a LLS is short in centres with 
experience in liver surgery and advanced laparoscopy. The use of proctor surgeons 
in centres with limited experience in laparoscopic liver surgery the operative tech-
niques can be reasonably standardised, and this should eliminate learning curve 
influences on outcome parameters. Quality of the surgery can be assured by digital 
video recording. 

Second, the intervention should be double-blinded. Although double blinding 
in a surgical trial is difficult, using a fixed abdominal dressing for 3 days after sur-
gery is feasible, and should prevent both ward caregivers and patients from know-
ing the type of intervention. 

Third, it is reasonable to query whether this is now the right time to perform an 
RCT and whether the results of the trial will be valid for the more general surgical 
community. A recent review of the results of laparoscopic liver resection in 2,804 
patients showed that laparoscopic liver resection in expert centres is feasible and 
safe for both minor and major liver resections.36 The percentages of liver resections 
performed laparoscopically now ranging from 25% to 65% in high-volume expert 
centres such as University Hospital Southampton NHS (Southampton, UK), Henri 
Mondor (Paris, France), UPMC (Pittsburgh, USA), UZ Leuven (Leuven, Belgium) and 
Rikshospitalet (Oslo, Norway).36,63 Although it is to be expected that many centres 
worldwide will adopt laparoscopic liver resection as a more or less standard proce-
dure in the near future, there are still many patients and surgeons that prefer the 
open procedure long beyond the learning curve. In parallel with the development 
of laparoscopic liver surgery, ‘fast-track’ programmes in various areas of surgery, 
including liver surgery, are gaining popularity. Therefore, this seems to be the right 
time for this RCT to be performed. The multicentre character of the ORANGE II trial 
with randomisation of patients and surgeons with treatment equipoise and a pro-
spective registry to cover both surgeons who believe that based on their laparo-
scopic experience randomisation is not ethically justified and patients with a strong 
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treatment preference will provide external validity. This trial design capitalises on 
rather than ignores the differences between patients, will provide more robust 
outcome data, and should lead to continuous performance monitoring after the 
trial.35,62 

The key question clearly is as to whether this RCT is really necessary. The bene-
fits of laparoscopic liver resection are not beyond reasonable doubt, and although 
data are increasingly becoming available, recent publications do not provide sound 
data on time to recovery. Worldwide, median LOS in hospital for open and laparo-
scopic resections varies from 4 to 8 days.17,30,64-66 Reasons for delay in discharge 
and discharge location are often absent, and a clear definition of recovery has not 
been used to date in any of the publications. Departing from the standpoint that an 
RCT should be conducted, the question is which sample size should be used? In our 
opinion, a reduction of only 1 day in time to recovery or LOS in hospital after lapa-
roscopic resection would be a disappointingly low gain. To prove such a reduction, 
320 patients would be needed (α=0.05 and power of 90%), making the trial unlikely 
to be accomplished. Based on available reports, a 2-day reduction should be possi-
ble,17,31,66 and reduces the sample size to 110 patients undergoing LLS. This number 
is reasonably moderate, and it is to be expected that patient accrual will be accom-
plished within 1–2 years. 

It should be realised that many centres have introduced laparoscopic liver sur-
gery programmes in the absence of a central reporting or certifying agency. In our 
opinion, laparoscopic LLS should function as a model for further dissemination of 
laparoscopic techniques in hepatic surgery. The left lateral segment of the liver has 
been a natural first step for a laparoscopic resection given the peripheral anatomi-
cal location (thin liver segment, minimal requirement for biliary dissection, and 
ease of controlling the left portal pedicles and left hepatic vein), and has been 
proven to be safe and feasible with reproducible results.20,36 The implementation of 
the laparoscopic LLS may not only serve as a guide to develop and master pro-
grammes for major laparoscopic hepatic resections, but may also be used as an 
introduction for centres new to laparoscopic approaches in liver surgery. To adopt 
laparoscopic liver resection safely, certification for centres, surgeons, and units 
should be available through the International Hepatobiliary (HPB) Association, and 
national and international HPB associations should become involved in the goal of 
establishing training standards and credentials to ensure a high and consistent 
outcome. The ORANGE II trial in which techniques are standardised and a training 
and proctor programme is available, combined with the hybrid design of randomi-
sation and registry may help to provide a framework for controlled and safe im-
plementation of laparoscopic liver resection across participating centres. 
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Conclusions 

The international multicentre randomised controlled ORANGE II trial is based on 
the observations of more rapid recovery and discharge after laparoscopic liver 
resection, and more rapid recovery and discharge after open liver resection within 
an enhanced recovery programme. This is the first RCT to provide evidence on the 
merits of laparoscopic surgery in patients undergoing a LLS within an enhanced 
recovery programme. 

Trial status 

Currently there are nine actively participating centres, consisting of the Maastricht 
University Medical Centre (MUMC), Academic Medical Centre (AMC), University 
Medical Centre Utrecht (UMCU), Erasmus Medical Centre (Erasmus MC), University 
Medical Centre Groningen (UMCG), Maxima Medical Centre (MMC), Medical Spec-
trum Twente (MST) in The Netherlands. In addition, the University Hospital Aachen 
(UK Aachen) and San Raffaele Hospital Milan (HSR Milan) are two participating 
centres in Germany and Italy. Additional centres will be invited to participate. 
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The aim of the current thesis was to investigate ways to reduce the insult of surgi-
cal trauma in the treatment of liver tumours. These ways included reducing harm 
to patients by using novel treatment techniques for life threatening haemorrhaging 
of liver lesions, the application of minimally invasive liver surgery and the imple-
mentation of perioperative care protocols. Resection of part of the liver is nowa-
days a commonly performed procedure for a variety of malignant and benign he-
patic tumours.1,2 Previous to the 1980’s, this type of surgery was still associated 
with a high morbidity and mortality.1,3,4 The perioperative outcome after hepatic 
resection has improved over time, due to increased knowledge of liver anatomy 
and function, improvement of operating techniques and advances in anaesthesia 
and post-operative care.2-4 In the first chapter a historical overview of the quest to 
improvement in liver surgery is described.  

The first aim of this thesis was to analyse current treatments for echinococco-
sis of the liver and this is discussed in part 2.  

The second aim of this thesis investigating improvements in liver surgery was 
to evaluate the management of ruptured adenomas of the liver with selective arte-
rial embolisation. In addition, it was intended to discuss the need for resection of 
adenomas with the focus on the actual risk of malignant degeneration. This is dis-
cussed in part 3. 

The third aim of this thesis on improving outcomes of liver surgery, was to fo-
cus on the two major developments in surgery: the minimal invasive techniques for 
resection of liver lesions and the multimodal perioperative care protocols such as 
the Enhanced Recovery After Surgery (ERAS) regimens. These two aspects of liver 
surgery are discussed in part 4. 
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Current treatments for echinococcosis of the liver 

The first aim of this thesis consists of analysing current treatments for Echinococco-
sis of the liver, a benign liver disease. In chapter 2, an unexpected encounter with 
the Echinococcus multilocularis in the liver, mimicking metastases of the liver is 
described. As far as we know, this represents the first patient of Echinococcus mul-
tilocularis acquired in the Netherlands. Having been shown to spread at a rate of 
2.7 kilometres per year in a Northern direction due to a combination of an increase 
in foxes and an increase in their Echinococcus multilocularis load,5 Echinococcus 
multilocularis might become an important pathogen in Western Europe. Clinicians 
should consider this diagnosis when confronted with (asymptomatic) liver lesions.  

In chapter 3, a single centre study is presented, which has been performed to 
evaluate the treatment and outcome of patients treated surgically for hydatid dis-
ease in a non-endemic area such as the Netherlands. In this retrospective study, 
112 consecutive patients were treated surgically with the ‘frozen seal’ method for 
hydatid disease between 1981 and 2007. Recurrence rate was observed in 9 (8%) 
patients and morbidity occurred in twenty patients (17.9%). More importantly, in 
this study no mortality was seen in more than 25 years of surgically treated ‘echi-
nococcosis'. These results compare favourably with the current evidence even 
considering a recent meta-analysis of operative versus non-operative treatment 
(PAIR) of hepatic echinococcosis.6 In this meta-analysis, 14 studies were included 
concerning surgical treatment in endemic areas incorporating more than 950 pa-
tients. It showed an overall minor and major complication rate of 33% and 25% 
respectively. The mortality rate was nearly 1% among the surgically treated pa-
tients. These morbidity and mortality rates are comparable with other single centre 
studies with open surgical treatment.7  

In conclusion, the – frozen seal - method of surgery from the past century is 
still safe and effective in the new millennium. This technique is especially useful in 
centres in non-endemic areas as it provides high efficacy and low morbidity rates. 
Future studies should prove its position in the treatment of hepatic hydatid disease 
as less invasive treatments such as PAIR show promising results. 

In this single centre study, however, we also found a gradual decrease in the 
number of operations performed for echinococcosis. This could be caused by either 
a decrease in incidence of this rare disease or differences in treatment methods 
(for instance less invasive techniques or only medical therapy). In order to elucidate 
this finding, we investigated in chapter 4 the incidence of hepatic echinococcosis in 
the Netherlands and explored the opinions of experts concerning treatment of 
echinococcosis of the liver. Therefore, the national database of pathology (PALGA) 
was investigated and compared with results from serological testing from 1997 
through 2008. In addition, to gain an overview of treatment regimes on hepatic 
echinococcosis, a questionnaire was sent to gastrointestinal surgeons in 20 hepato-
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pancreato-biliary centres in the Netherlands concerning incidence, diagnosis, ther-
apy and follow-up. In this study, we found a decrease in the number of resected 
specimens (PALGA) from 2003 onwards. The incidence of echinococcosis based on 
serology also decreased from 2002 onwards to 33 patients per year. Seventeen 
(85%) of twenty hospitals responded to the questionnaire of which seven (41%) 
centres stated they had treated hydatid disease of the liver. Four (57%) of these 
seven hospitals followed a protocol for the treatment of hydatid liver disease. Be-
tween these treating hospitals, primary treatment strategy varied considerably.  

From this study on incidence, current opinions and treatment of hepatic echi-
nococcosis in a country where this disease is non-endemic, the combined data-
bases of pathology and serology indicate that the incidence of hydatid disease has 
decreased in the last decade. The actual incidence is low and therefore hydatid 
disease remains rare. Remarkably, the primary treatments differ between special-
ised centres, and a guideline might improve the uniformity in treatment strategies. 
In the Netherlands, there are only two large centres dealing with this disease. 
Therefore, regionalization of this rare disease might improve the results as proven 
in other surgical treatments. Only then, can centres increase their expertise and a 
gradual shift to less invasive and safer treatment is to be expected. Management of 
this disease should be multidisciplinary, stage specific and custom made.  

Evaluation of management of ruptured adenomas of the liver with selective 
arterial embolisation 

Management of hepatocellular adenomas is still open to debate. In a highly se-
lected group, namely pregnant patients with pre-eclampsia an increased risk of 
tumour rupture exists. In this chapter we focus on the rupture of adenomas in 
pregnancy describing a patient with a life threatening condition of liver rupture 
after labour. The management is discussed in chapter 5.  

A primi gravida at term was diagnosed as having pre-eclampsia, and she re-
mained hemodynamically unstable after delivery. Further analysis with a contrast 
enhanced CT-scan revealed four lesions in the liver resembling adenomas and free 
peritoneal fluid. Because the patient could not be stabilized with conservative 
treatment, selective embolisation of the right hepatic artery was performed suc-
cessfully. Haemorrhage in pregnancy from ruptured liver adenomas is rare and 
therefore easily misdiagnosed. Presentation may be with severe pain localised to 
the epigastrium or right upper quadrant of the abdomen with radiation to the back 
or right shoulder. These symptoms may be misinterpreted as dyspepsia or chole-
cystitis. Delay in diagnosing rupture of the adenomas will contribute to high mortal-
ity rates. It is essential diagnosis is made at once, preferably using contrast en-
hanced CT-scanning. When a ruptured adenoma is discovered during pregnancy, 
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selective arterial embolisation is a suitable treatment in order to avoid invasive 
surgery.  

In chapter 6 the management of partial hepatectomy after successful initial 
treatment of selective arterial embolisation is described. Since partial hepatectomy 
is generally recommended in patients with lesions ≥ 5 cm, because of increased risk 
of rupture as well as malignant degeneration,8,9 resection was carried out several 
months after successful selective arterial embolisation. Interestingly, the tumour 
consisted of necrotic material and no specific histological tumour classification 
could be made. This might be due to the embolisation, which caused cessation of 
arterial blood flow resulting in necrosis of the tumour. This might correspond with 
the fact that hepatocellular adenomas are vascularised arterially. The necrosis of 
the tumour may point to a potential future role for selective arterial embolisation 
in the elective management of hepatocellular adenomas. This would further limit 
the indications for surgery in a selected group of patients, resulting in reduction of 
patient morbidity and mortality.  

Controversy remains concerning the emergency treatment of patients with a 
ruptured hepatocellular adenoma, as some authors still advise acute surgical resec-
tion as the primary treatment,10,11 despite an associated mortality rate up to 8%.12 
In order to refrain from major liver surgery to avoid this risk, especially in an acute 
setting, selective arterial embolisation is a novel method for the management of 
intra-abdominal haemorrhage from hepatocellular adenomas. In contrast, some 
authors have suggested a more conservative approach with primarily hemody-
namical stabilization, followed by preventive partial liver resection for tumours 
exceeding five cm because of potential malignant degeneration.8,13  

In chapter 7 it is shown that selective arterial embolisation for ruptured and 
haemorrhaged hepatocellular adenomas is a safe and effective method to stabilise 
hemodynamically unstable patients. None of the eleven consecutive patients re-
quired surgery and only one required additional embolisations. There were a few 
minor complications consisting of fever, probably caused by tissue necrosis after 
embolisation. In the follow-up period of 19 months all adenomas including those 
without signs of haemorrhaging in the same liver lobe (n=25) were either smaller or 
not detectable on follow-up CT or MRI scans. This decrease in size of all adenomas 
was statistically significant.  

In conclusion, selective artery embolisation is a valuable tool in the acute man-
agement of haemorrhaging hepatic adenomas and should be considered as the first 
choice in treatment. In this way, emergency resection can be avoided and a reduc-
tion in morbidity and mortality is to be expected. If no secondary partial hepatec-
tomy is planned, long-term follow-up of these patients is needed. Therefore, pref-
erably MRI scanning should be used to discriminate between residual haematoma, 
cyst formation, and residual liver tumour. Increase in tumour size might necessitate 
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the need for a more aggressive approach including biopsy, ablation or surgical 
resection.  

In chapter 8 a systematic review of the literature is presented with a focus on 
the risk of malignant transformation of hepatocellular adenomas(HCA) into hepa-
tocellular carcinomas(HCC). The study shows that malignant alteration is a rare 
complication of these uncommon benign tumours. By means of a systematic search 
of studies reporting cases of this benign liver disease over the past 40 years and 
combining the data on these HCAs, a total of 1568 reported HCAs were found. The 
overall frequency of malignant transformation reported was 4.2% among all ade-
noma cases and 4.5% among all resected HCAs.  

These results identify a small but serious risk of malignant transformation of 
hepatocellular adenomas. It is important to recognize factors that increase the risk 
of malignant transformation, or even better, identify factors that can more easily 
discriminate between these two entities as both have similar imaging characteris-
tics and histopathological features. Tumour size greater than 5cm is currently re-
garded as a risk factor. The recommendation however, to only resect HCAs larger 
than 5 cm in diameter in order to prevent malignant transformation is open for 
discussion since three cases have been reported in which malignant transformation 
occurred in a tumour measuring less than 5 cm in diameter.14-16  

Another proposed risk factor for malignant alteration is the presence of dyspla-
sia in HCAs. This characteristic harbours a risk of progression to HCC.17-21 The Bor-
deaux group22,23 has performed genotype-phenotype analyses in HCAs and found 
markers that are a promising method of identifying these high-risk adenomas. They 
identified four different tumour subtypes with specific characteristics: (1) hepato-
cyte nuclear factor 1α (HNF1α) mutated (30%-50%), (2) β-catenin-activated (10-
15%), (3) inflammatory (35%) and (4) unclassified tumours (5%-10%)22-24 Hepatocel-
lular carcinoma associated with adenoma was found in 46% of β-catenin-mutated 
tumours, whereas this has never been observed in inflammatory lesions and rarely 
found in HNF1α-mutated tumours. It was concluded that HCA’s with β-catenin 
activation have a higher risk of malignant transformation.  

For all patients presenting one or more HCA’s larger than 5 cm, resection is the 
preferred treatment in accordance with the current literature. If however, only 
4.2% of HCA’s have actual foci of HCC, many resections will be performed while 
there is no risk of malignant degeneration. It is concluded that more research is 
needed to investigate the mechanism of malignant degeneration. Only then can 
this group of predominantly young patients be withheld a potentially unnecessary 
liver resection as this surgical treatment still has a morbidity and mortality rate of 
up to 27% and 3% respectively.2,3,25,26 Promising methods to identify these high-risk 
adenomas are the Bordeaux HCA markers.  

In conclusion, the current systematic review (chapter 8) shows that malignant 
transformation of hepatocellular adenomas into hepatocellular carcinomas is a rare 
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complication of these uncommon benign tumours. By careful selection for surgical 
treatment of only those patients with hepatocellular adenomas harbouring an 
increased risk of malignant alteration, fewer patients will be subjected to unneces-
sary surgery. This would reduce the risks associated with surgery in these predomi-
nantly young patients. 

The effect of the minimal invasive techniques for resection of liver lesions and 
ERAS on the outcome of liver surgery 

In part 4, the first focus was on the introduction of a new surgical approach for liver 
resections: the minimally invasive or laparoscopic technique. Furthermore, the 
effect of implementation of a multimodal perioperative programme and laparo-
scopic liver surgery was also investigated. The initial results of this new approach of 
resectional liver surgery were evaluated in the Netherlands.  

Although many expert centres perform laparoscopic liver surgery, conventional 
liver surgeons need to clear some hurdles before they feel comfortable operating 
on the liver from a certain distance using a laparoscope. Another drawback of this 
technique might be the high costs. Managers and Operation Room (OR) personnel 
are not aware of the beneficial effects for patients and might just look at their own 
budget and time.  

The introduction of this new technique in Maastricht University Medical Centre 
(MUMC) showed that the costs of laparoscopic liver resections were to equivalent 
to those of open surgery (chapter 9). Furthermore, implementation of a laparo-
scopic liver resection programme seems feasible and safe with reduced blood loss 
and operation time but comparable morbidity and length of stay. It is interesting to 
observe that there were no significant differences in the length of hospital stay 
between the open and laparoscopic approach. Striking is the relatively long stay in 
hospital for the laparoscopic procedures. We found no valid explanation for this. 
When introducing such new techniques, they are predominantly started in young 
and healthy patients with benign lesions. One might postulate that it is surgery that 
makes these young healthy women into patients, as they had hardly any com-
plaints before surgery. Open surgery is performed in patients with malignancies 
who feel cured after surgery. The relatively long hospital stay was previously also 
observed for colonic resections before and after the start of a perioperative multi-
modal fast track setting (Enhanced Recovery After Surgery; ERAS®).27 Although in 
this recent study predefined discharge criteria were assessed, almost 90% of the 
ERAS patients did not return home on the day the discharge criteria were actually 
met. After careful investigation of valid reasons for prolonged stay, 69% of ex-
tended hospital stays were labelled as inappropriate. Only a minority was rated as 
medically necessary. It is remarkable that even with preoperative counselling in the 
ERAS programme, a difference between functional recovery and actual day of dis-
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charge is observed. This implies that the difference in length of stay may be even 
more pronounced if all patients were to return home once they are functionally 
recovered according to predefined criteria.27,28 

In order to improve the care of the surgical patient with liver lesions, it is clear 
we must to implement the evidence available. It takes many presentations, publi-
cations and programmes to change daily practice. In many ways, the ERAS principle 
may serve as an example for this, the subject of which is described in part 4. ERAS, 
the multimodal enhanced recovery programme, has already been adopted by many 
centres throughout the world and is currently becoming standard care. The benefi-
cial effects have been proven by many publications in colorectal and liver surgery 
and include less pain, earlier functional recovery and shorter hospital length of 
stay. This multimodal recovery programme is evidence based and combines several 
interventions in perioperative care to reduce the stress response and organ dys-
function with a focus on enhancing recovery. However, even in a small country 
such as the Netherlands not all hospitals adhere to this protocol.  

This therefore provided the ideal situation to evaluate the additional value of 
an ERAS programme for laparoscopic liver resections for solid tumours, as de-
scribed in chapter 10. A group of patients undergoing laparoscopic liver resections 
in an ERAS setting in the Maastricht was compared with historical data from con-
secutive laparoscopic liver resections performed either in that same centre before 
the introduction of the ERAS programme or in other major liver centres in the 
Netherlands performing laparoscopic liver surgery in a traditional perioperative 
care programme. 

In chapter 10, the data suggests that a multimodal enhanced recovery pro-
gramme for laparoscopic liver surgery is feasible and safe. A significant difference 
in the median time to full functional recovery of two days was observed between 
the ERAS treated group and the traditional care group. The difference in median 
LOS of two days between these two groups did not attain significance, likely due to 
the small number of patients in this study. Apart from quick functional recovery in 
patients in the enhanced recovery group, this study also showed reduced blood 
loss in this group. As the ERAS protocol prescribes a low CVP and the avoidance of 
excessive perioperative fluids, it may be caused by the implementation of this pro-
tocol. However, this difference in blood loss might also be clouded by the learning 
curve effect, since all patients operated in the traditional care were the first pa-
tients to be treated laparoscopically in the participating centres.  

In conclusion, this exploratory multicentre fast track laparoscopic liver resec-
tion study is the first such study conducted. Although small, the study suggests that 
a multimodal enhanced recovery programme for laparoscopic liver surgery is feasi-
ble, safe and may lead to accelerated functional recovery and a reduction in the 
length of hospital stay. With these findings it may be concluded that the additional 
effect of ERAS leads to an improvement of liver surgery and outcome. However, 
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functional recovery may be a better instrument to investigate differences in out-
come of surgical treatments in future studies. It will be a challenge to investigate 
the effect of ERAS programmes on laparoscopic liver surgery in a randomised con-
trolled setting as proposed in chapter 15.  

In chapter 11, we aimed to investigate the initial experience with laparoscopic 
liver resections in the Netherlands with a focus on factors influencing hospital 
length of stay. For this purpose, all thirty patients undergoing laparoscopic left 
lateral sectionectomy (Couinaud segments 2 and 3) in the Netherlands in the years 
2000 to 2008 were included and compared with a group of ninety patients under-
going the same type of liver resection as an open procedure in the same era. This 
multicentre study demonstrated that length of hospital stay for the laparoscopic 
approach for left lateral sectionectomies was reduced by two days compared to the 
open procedure. Furthermore, it was found that the laparoscopic approach re-
sulted in faster procedures with reduced blood loss and comparable morbidity. In a 
multivariable regression model, ASA classification, complications and ERAS proved 
to be important prognostic variables for reduced length of hospital stay. 

As stipulated earlier in this thesis, HPB surgeons will have to decide with the 
lack of clear evidence: either to adopt this new technique with evidence available 
from expert centres or, as suggested by others,29,30 to perform multicentre ran-
domised trials to obtain the highest level of evidence. Currently, new initiatives 
(ORANGE II – Trial) have been launched by the Maastricht University Medical Cen-
tre HPB surgical unit in collaboration with the Dutch Working group for Liver Sur-
gery.  

Laparoscopic surgery and enhanced recovery programmes have been shown to 
improve outcome by enhancing recovery and reducing hospital length of stay. Lap-
aroscopic surgery is a challenging surgical technique and is often introduced with-
out clear evidence to support its superiority compared to open surgery. This is in 
contrast with the adoption of perioperative care protocols, which are not imple-
mented easily worldwide, but are indeed evidence based. A survey among the 
international HPB community was undertaken to clarify the difference in adoption 
of these two surgical developments. This survey showed that the majority of HPB 
centres performed liver surgery in the absence of an enhanced recovery periopera-
tive care programme, and performed laparoscopic liver surgery, although the lapa-
roscopic volumes were low. As both were associated with faster recovery, it was 
concluded that fast-track programmes should receive more attention. Further-
more, the need for a randomised trial was confirmed by this recent survey among 
the international liver surgical community (chapter 12) 



Chapter 16 

 278 

FUTURE PERSPECTIVES 

As more major liver resections are performed, our aim in chapter 13 was to com-
pare two open source image processing software packages to measure prospec-
tively the remnant liver volume in order to reduce the risk of post-resectional liver 
failure. Of the 15 patients included, volumes of total liver, tumour and future resec-
tion specimen were measured preoperatively with ImageJ and OsiriX by two sur-
geons and a surgical trainee. Results were compared with the actual weights of 
resected specimens and the measurements of the radiologist using professional CT 
scanner-linked Aquarius iNtuition® software. We found that the prospective he-
patic CT-volumetry with ImageJ or OsiriX® was reliable and can be accurately used 
on a Personal Computer by non-radiologists. ImageJ and OsiriX® yielded results 
comparable to professional radiological software iNtuition®. 

In chapter 7 we showed that embolising ruptured adenomas prevented growth 
of these lesions. Subsequently, selective arterial embolisation was utilised in a 
number of non-haemorrhaging adenomas.31 During follow-up, none of these ade-
nomas grew and the majority even regressed in size. Upon separate examination of 
the haemorrhaging and non-haemorrhaging adenomas, a statistically significant 
decrease in size was noted in both groups. It is this tumour regression and its prob-
able subsequent reduction of the risk of severe haemorrhaging and malignant 
transformation that might support selective arterial embolisation as a novel treat-
ment for large unruptured HCAs. As no significant complications from this treat-
ment were reported arterial embolisation of HCAs might be the direction for fur-
ther future research.31,32  

In chapter 14 a randomised controlled trial with a two-arm experimental de-
sign is proposed to investigate this new approach in the treatment paradigm of 
hepatocellular adenomas.  

The aim is to test the hypothesis that minimally invasive embolisation of non-
ruptured HCAs leads to a reduction of the post-treatment morbidity and mortality 
(i.e. any event) compared with a resectional approach. Following a protected fine 
needle biopsy, patients with a negative β-catenin status who are eligible for resec-
tion of their HCA will be randomised to either resection or selective arterial emboli-
sation. The primary endpoint is the proportion of patients with treatment-related 
morbidity and mortality (within 90 days after treatment). Secondary outcome pa-
rameters include functional recovery, quality of life and post-treatment body-
image changes as well as direct and indirect medical costs. It is expected that this 
trial will provide evidence on the merits of selective arterial embolization of HCA.  

Lastly, in chapter 15 an international multicentre randomized controlled trial is 
proposed which is expected to provide level 1 scientific evidence on the effects of 
ERAS protocols and laparoscopic versus open liver surgery. It is an international 
multicentre randomized controlled trial based on the observations of a faster re-
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covery and discharge after laparoscopic liver resection as well as a faster recovery 
and discharge after open liver resection within an enhanced recovery programme. 
We expect that this trial will provide evidence on the merits of laparoscopic surgery 
in patients undergoing a left lateral hepatic sectionectomy within an enhanced 
recovery programme.  
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INLEIDING 

In dit proefschrift wordt de verbetering van chirurgische zorg bij patiënten met een 
leverafwijking behandeld. De doelstellingen waren de huidige behandelingen van 
zeldzame afwijkingen van de lever te evalueren, nieuwe technieken te onderzoe-
ken voor de behandeling van levensbedreigende bloedingen van leverafwijkingen 
en minimaal invasieve ofwel laparoscopische chirurgie te onderzoeken in combina-
tie met peri-operatieve zorgprotocollen. Dit proefschrift kent drie thema’s: Chirur-
gische behandeling van echinokokkose (infectie van de lever), embolisatie van 
leveradenomen (goedaardige levertumoren) en laparoscopische leverchirurgie. Het 
huidige hoofdstuk is een samenvatting van elk van de voorafgaande hoofdstukken. 

HISTORISCH OVERZICHT 

Het eerste hoofdstuk beschrijft een historisch overzicht van de zoektocht naar 
verbetering van leveroperaties. De behandeling van levertumoren heeft de laatste 
decennia een enorme vlucht genomen. Het operatief verwijderen ofwel reseceren 
van een deel van de lever is tegenwoordig een gebruikelijke procedure voor ver-
schillende goedaardige (benigne) en kwaadaardige (maligne) levertumoren. In de 
tachtiger jaren van de vorige eeuw ging deze ingreep nog gepaard met een hoog 
ziekte- en sterftecijfer (morbiditeit en mortaliteit). Inmiddels is het resultaat na een 
leverresectie verbeterd dankzij de toegenomen kennis van de leveranatomie en -
functie, de verbetering van operatietechnieken en de verbeteringen in de anesthe-
sie en post-operatieve zorg.  

CHIRURGISCHE BEHANDELING VAN ECHINOKOKKOSE 

Echinokokkose van de lever 

In hoofdstuk 2 wordt de behandeling beschreven van een goedaardige leverziekte 
‘Echinococcus multilocularis’ (echinokokkose van de lever), die gelijkenis vertoont 
met uitzaaiingen in de lever. Voor zover wij weten werd in deze studie de eerste 
patiënt onderzocht die Echinococcus multilocularis heeft opgelopen in Nederland. 
Artsen dienen deze diagnose te overwegen indien ze geconfronteerd worden met 
(asymptomatische) leverafwijkingen. 
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Chirurgische behandeling van de echinokokkose in de lever  

In hoofdstuk 3 wordt een studie gepresenteerd van de chirurgische behandeling 
van echinokokkose van de lever in een niet-endemisch1 gebied als Nederland. In 
deze retrospectieve studie2 werden 112 opeenvolgende patiënten onderzocht die 
chirurgisch werden behandeld tussen 1981 en 2007 met de ‘frozen seal'-methode3 
(zie figuur 3, hoofdstuk 1). De ziekte keerde terug ofwel recidiveerde bij 9 patiën-
ten (8%) en 20 patiënten (18%) werden complicaties (morbiditeit) vastgesteld, 
zonder dat er sterfte was ten gevolge van deze behandeling. Dit toont aan dat de 
‘frozen seal’-methode nog steeds veilig en effectief is in het nieuwe millennium. 
Echter, toekomstige studies zullen deze chirurgische techniek van echinokokkose 
van de lever verder moeten beoordelen, nu minder invasieve technieken veelbelo-
vende resultaten laten zien. 

Nederlandse studie naar behandeling van echinokokkose. 

In de studie beschreven in hoofdstuk 3 vonden wij ook een geleidelijke afname van 
het aantal operaties voor echinokokkose. Dit kan worden veroorzaakt door een 
daling van de incidentie van deze zeldzame ziekte of door verschillen in behande-
lingsmethoden (bijvoorbeeld minder invasieve technieken of andere medicinale 
therapie). Om deze bevinding nader te bestuderen, onderzochten we in hoofdstuk 
4 de incidentie van echinokokkose in Nederland en enquêteerden wij deskundigen 
over de behandeling hiervan. Daarvoor werden alle rapporten onderzocht van 
aangeprikte en chirurgisch verwijderde weefsels met echinokokkose vanuit de 
nationale database van pathologie (PALGA). De uitkomsten werden vergeleken met 
de resultaten van serologisch onderzoek van 1997 tot 2008. Tot slot, om een 
overzicht van de behandelingen van echinokokkose te krijgen, werd een vragenlijst 
gestuurd naar chirurgen in 20 levercentra in Nederland met betrekking tot inciden-
tie, diagnose, therapie en follow-up. Deze gegevens uit de gecombineerde databa-
ses van pathologie en serologie tonen aan dat de incidentie van echinokokkose is 
afgenomen in Nederland in de laatste 10 jaar. Opmerkelijk is dat de initiële behan-
delingen in de gespecialiseerde centra verschillen. De werkelijke incidentie is laag 
en daarom blijft deze ziekte nog steeds zeldzaam.  

                                                                 
1 niet inheems 
2 met reeds verzamelde gegevens 
3 Soort open kegel die wordt vastgevroren aan het leveroppervlak tijdens de chirurgische ingreep.  
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EMBOLISATIE VAN LEVERADENOMEN 

Evaluatie van de behandeling van leveradenomen  

Het beleid bij goedaardige levertumoren (leveradenomen) staat nog steeds ter 
discussie. In een zeer selecte groep, namelijk zwangere vrouwen met pre-eclampsie 
(zwangerschapsvergiftiging), is er een verhoogd risico op scheuren (ruptureren) van 
deze levertumoren. In hoofdstuk 5 beschrijven wij een patiënte met een levensbe-
dreigende leverruptuur na de bevalling. Bloeding van gescheurde leveradenomen 
in de zwangerschap is zeldzaam, hetgeen de kans op een verkeerde diagnose ver-
groot. Ernstige pijn gelokaliseerd boven in de buik of in het rechter bovenkwadrant 
met uitstraling naar de rug of rechterschouder kan verkeerd worden geïnterpre-
teerd als dyspepsie (spijsverteringklachten) of cholecystitis (galblaasontsteking). 
Vertraging bij het stellen van de diagnose van gescheurde leveradenomen zal bij-
dragen tot hoge mortaliteit. Het is daarom essentieel om de diagnose direct in het 
kraambed te stellen, bij voorkeur door middel van een CT-scan. Wanneer de dia-
gnose van een gescheurde leveradenoom bij een zwangere is gesteld, is selectieve 
embolisatie (bloedvatafsluiting) een geschikte behandeling.  

Chirurgie na selectieve arteriële embolisatie 

In hoofdstuk 6 wordt een leverresectie (verwijdering van een deel van de lever) 
beschreven na een succesvolle eerste behandeling met selectieve arteriële emboli-
satie4 van een bloedend adenoom. Met deze techniek wordt via een catheter in de 
lies, de slagader naar de tumor afgesloten. Over het algemeen wordt aanbevolen 
om bij patiënten met afwijkingen ≥ 5 cm deze tumor te verwijderen vanwege een 
verhoogd risico op scheuren en/of maligne (kwaadaardige) ontaarding. Enkele 
maanden na een succesvolle selectieve arteriële embolisatie, is een resectie uitge-
voerd. Het bleek dat de tumor bestond uit necrotisch (dood) weefsel bij de be-
schreven patiënte en er geen specifieke histologische diagnose5 kon worden ge-
steld. Dit zou passen bij het feit dat deze adenomen via de arterie (slagader) van 
bloed worden voorzien. De necrose van de tumor maakt een toekomstige rol voor 
selectieve arteriële embolisatie in de behandeling van leveradenomen mogelijk. Dit 
zou in een geselecteerde groep patiënten verdere inperking van de indicatie voor 
chirurgie betekenen, hetgeen leidt tot vermindering van morbiditeit en mortaliteit. 
Er is nog steeds controverse over de acute behandeling van patiënten met ge-
scheurde leveradenomen. Sommige auteurs adviseren acuut chirurgisch ingrijpen 
met resectie als primaire behandeling, ondanks een bijbehorend sterftecijfer tot 

                                                                 
4 afsluiting van de slagader 
5 van het weefsel 
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8%. Om dit sterfterisico te verlagen, in het bijzonder in een acute setting, is selec-
tieve arteriële embolisatie een nieuwe methode voor de behandeling van intra-
abdominale6 bloedingen van leveradenomen. Andere auteurs echter, stellen een 
meer conservatieve aanpak voor met in de eerste plaats bloeddruk (hemodynami-
sche) stabilisatie, later gevolgd door preventieve partiële leverresectie voor tumo-
ren van meer dan 5 cm vanwege mogelijk risico op maligne ontaarding. 

De acute behandeling met selectieve arteriële embolisatie 

In hoofdstuk 7 wordt aangetoond dat selectieve arteriële embolisatie voor ge-
scheurde en bloedende leveradenomen een veilige en effectieve methode is om 
hemodynamisch onstabiele patiënten te stabiliseren. Bij geen van de 11 opeenvol-
gende patiënten was chirurgisch ingrijpen noodzakelijk en slechts een enkele pati-
ent moest een extra embolisatie-behandeling ondergaan. In de controleperiode na 
de behandeling waren alle adenomen kleiner geworden, ook degene die geen te-
kenen van bloedingen hadden vertoond. Sommige waren zelfs niet meer aantoon-
baar op de CT-of MRI-scans. Geconcludeerd wordt dat selectieve arteriële emboli-
satie een waardevolle behandeling is bij acute bloedingen van leveradenomen en 
dat deze techniek als de eerste keuze beschouwd moet worden. Hierdoor kan een 
acute operatie worden vermeden en is een vermindering in de morbiditeit en mor-
taliteit te verwachten. Wanneer er geen secundaire leveroperatie volgt, is lange 
termijn controle van deze patiënten nodig.  

Onderzoek van alle gerapporteerde leveradenomen in de literatuur 

In hoofdstuk 8 wordt een systematische review van de literatuur gepresenteerd 
met een focus op het risico van maligne ontaarding van goedaardige leveradeno-
men in kwaadaardige levertumoren (carcinomen). Op basis van systematisch stu-
dieonderzoek naar deze goedaardige leverziekte in de afgelopen 40 jaar zijn 1.568 
gemelde leveradenomen gevonden. De totale frequentie van maligne ontaarding 
was 4,2% onder alle leveradenomen en 4,5% onder alle geopereerde leveradeno-
men. Uit dit onderzoek blijkt dat de kwaadaardige verandering een zeldzame com-
plicatie is van deze goedaardige tumoren. In de literatuur blijft de aanbeveling om 
leveradenomen groter dan 5cm te opereren. Echter, indien slechts bij 4,2% van alle 
leveradenomen kwaadaardigheid wordt gevonden, zullen vele operaties onnodig 
worden verricht. Er zal meer onderzoek nodig zijn om het mechanisme van maligne 
ontaarding te onderzoeken. Alleen dan kan deze groep van voornamelijk jonge 
patiënten een mogelijk onnodige leverresectie worden bespaard. Deze chirurgische 
behandeling heeft immers nog steeds een morbiditeit van 27% en mortaliteit van 

                                                                 
6 in de buikholte 
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3%. Veelbelovende methoden om de hoog-risico adenomen te identificeren, zijn de 
Bordeaux leveradenomen markers, waarvan β-catenine de belangrijkste is. Door 
een zorgvuldige selectie voor chirurgische behandeling van alleen die patiënten 
met leveradenomen met een verhoogd risico voor maligne ontaarding, zullen min-
der patiënten onnodige leveroperaties ondergaan.  

LAPAROSCOPISCHE LEVERCHIRURGIE 

Evaluatie invoering laparoscopische leverchirurgie  

In deel 4 van dit proefschrift, beginnend met hoofdstuk 9, ligt de nadruk op de 
invoering van een nieuwe chirurgische aanpak voor leverresecties: de minimaal 
invasieve ofwel laparoscopische techniek. Ook is het effect onderzocht van laparo-
scopische leverchirurgie en van een multimodaal peri-operatief programma7 dat is 
uitgevoerd. De eerste resultaten van deze nieuwe techniek voor leveroperaties in 
Nederland zijn geëvalueerd. Hoewel veel expertcentra laparoscopische leverchirur-
gie uitvoeren, moeten conventionele leverchirurgen een aantal hindernissen ne-
men voordat ze deze nieuwe operatietechniek beheersen. Met de laparoscoop 
wordt vanaf grotere afstand, met minder weefselgevoel en twee dimensionaal 
geopereerd. Een ander nadeel van deze techniek zouden de hoge kosten kunnen 
zijn. Echter, de introductie van deze nieuwe techniek in Maastricht Universitair 
Medisch Centrum (MUMC) liet zien dat de kosten van laparoscopische leverresec-
ties gelijk waren aan open operaties. Daarnaast bleek dat de implementatie van 
een laparoscopisch leverresectie-programma goed uitvoerbaar en veilig was, met 
beperkt bloedverlies en operatietijd. De morbiditeit en duur van het verblijf in het 
ziekenhuis verschilden niet.  

Enhanced Recovery after Surgery (ERAS) ofwel versneld herstelprogramma 

ERAS, een multimodaal herstelprogramma ter bespoediging van het patiëntherstel 
na chirurgie, is reeds goedgekeurd door vele centra over de hele wereld en is mo-
menteel steeds meer de standaardzorg. De gunstige effecten ervan zijn bewezen in 
vele publicaties over darm- en leverchirurgie: er is eerder functioneel herstel en 
een kortere ziekenhuisopname. Dit multimodale herstelprogramma is evidence 
based8 en combineert een aantal interventies in de peri-operatieve zorg om de 
stressrespons en orgaanfalen te verminderen met het doel het herstel te verbete-
ren. Desondanks is zelfs in een klein land als Nederland dit protocol niet in alle 

                                                                 
7 programma voor, tijdens en na de operatie bestaande uit meerdere aspecten die herstel bevorderen 
8 gebaseerd op onderzoek / wetenschappelijk bewijs 
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ziekenhuizen ingevoerd. Hierdoor kon de toegevoegde waarde van een ERAS-
programma voor laparoscopische leverresecties bij solide tumoren in Nederland 
worden geëvalueerd. In hoofdstuk 10 zijn twee groepen patiënten vergeleken: een 
groep patiënten dat laparoscopische leveroperaties onderging in ERAS-setting en 
een groep patiënten dat een laparoscopische leveroperatie onderging zonder 
ERAS-programma maar met traditionele nazorg. Dit multicentre, laparoscopische 
leverresectie-onderzoek naar versneld herstel is de eerste studie van dergelijke 
opzet.  

De resultaten tonen aan dat een multimodaal herstelprogramma voor laparo-
scopische leverchirurgie goed werkt en een gelijk aantal complicaties heeft. Tussen 
de ERAS behandelde groep en de traditioneel behandelde groep werd een verschil 
van twee dagen waargenomen in functioneel herstel. Het verschil van twee dagen 
in hospitalisatieduur tussen deze twee groepen was echter niet statistisch signifi-
cant. Dit is waarschijnlijk te wijten aan het kleine aantal patiënten in deze studie. 
Desondanks suggereert deze studie dat een multimodaal versneld herstelpro-
gramma (ERAS) voor laparoscopische leverchirurgie haalbaar en veilig is en kan 
leiden tot versneld functioneel herstel en vermindering van de duur van verblijf in 
het ziekenhuis. Met deze resultaten kan worden geconcludeerd dat het aanvullen-
de ERAS-effect bij de laparoscopische operatietechniek kan leiden tot een verbete-
ring van het resultaat van leverchirurgie. Het is een uitdaging om het effect van 
ERAS-programma's op laparoscopische leveroperaties te onderzoeken in een ge-
randomiseerde gecontroleerde studieopzet, zoals voorgesteld in hoofdstuk 15. 

Laparoscopische leverresecties in Nederland 

In hoofdstuk 11 worden de eerste ervaringen met laparoscopische leverresecties in 
Nederland beschreven met de nadruk op factoren die van invloed zijn op de duur 
van het ziekenhuisverblijf. Voor dit doel werden alle 30 patiënten die laparoscopi-
sche linker laterale segment resectie9 ondergingen in Nederland in de jaren 2000 
tot en met 2008 vergeleken met een groep van 90 patiënten in dezelfde periode 
die een open procedure ondergingen voor hetzelfde type leverresectie. Deze multi-
centre studie toont aan dat de verblijfsduur in het ziekenhuis voor de laparoscopi-
sche benadering voor de linker laterale leveroperatie werd verlaagd met twee 
dagen in vergelijking tot de open procedure. Bovendien werd vastgesteld dat de 
laparoscopische benadering resulteerde in snellere operaties met minder bloedver-
lies en vergelijkbare morbiditeit. In een multivariaat regressiemodel10 bleken ASA 

                                                                 
9 verwijdering van de linker (laterale) leverkwab 
10 een statistische berekenmethode 
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classificatie11, complicaties en ERAS belangrijke prognostische variabelen voor een 
kortere verblijfduur in het ziekenhuis. 

Internationale enquête  

Met laparoscopische chirurgie en verbeterde herstelprogramma's is aangetoond 
dat het herstel versneld en het ziekenhuisverblijf verkort kan worden. Hoofdstuk 
12 omschrijft laparoscopische chirurgie als een uitdagende chirurgische techniek, 
die vaak wordt ingevoerd zonder duidelijk bewijs ter ondersteuning van haar supe-
rioriteit in vergelijking met een open operatie. Dit in tegenstelling tot de peri-
operatieve zorgprotocollen, die niet gemakkelijk over de hele wereld zijn toegepast 
maar wel evidence based zijn. In het kader van dit proefschrift werd een enquête 
uitgevoerd onder de internationale leverchirurgen om het verschil van deze twee 
chirurgische ontwikkelingen te verduidelijken. De meerderheid van de levercentra 
werkte zonder een verbeterd peri-operatief zorgprogramma maar voerde wel lapa-
roscopische leveroperaties uit, hoewel de aantallen per centrum laag waren. Aan-
gezien beide werden geassocieerd met een sneller herstel, werd geconcludeerd dat 
versneld herstelprogramma’s meer aandacht moeten krijgen. Bovendien werd de 
noodzaak van een gerandomiseerde studie bevestigd door deze recente enquête 
onder de internationale leverchirurgische gemeenschap. 

TOEKOMSTPERSPECTIEVEN 

Levervolumetrie 

Een ernstig risico van leveroperaties is leverfalen na de operatie. Dit kan voorko-
men als een te groot gedeelte van de lever wordt weggehaald tijdens een operatie. 
Naarmate er meer grote leverresecties worden uitgevoerd, is het van belang om 
voor de operatie het te verwachten restant levervolume te meten om dit risico van 
leverfalen te verminderen. In hoofdstuk 13 wordt de vergelijking beschreven van 
twee ‘open source software pakketten’12 die zijn gebruikt om prospectief13 het te 
verwachten restvolume van de lever te meten. Van 15 opgenomen patiënten wer-
den volumes van de totale lever, de tumor en het toekomst resectiepreparaat pre-
operatief gemeten met ImageJ en OsiriX® door twee chirurgen en een onderzoe-
ker. De resultaten werden vergeleken met het werkelijke gewicht van de verwij-
derde weefsels en de afmetingen van de radioloog met de professionele CT-
                                                                 
11 de ASA (American Society of Anesthesiologists): klassering van te opereren patiënten volgens ernst 
van voorafbestaande ziekte/orgaanlijden.  
12 beschikbare software, in dit geval ImageJ en OsiriX®. 
13 Voor de operatie 
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scanner en de hieraan gekoppelde software iNtuition®. Wij vonden dat de lever-CT-
volumetrie met ImageJ of OsiriX® betrouwbaar was en nauwkeurig kon worden 
gebruikt op een Personal Computer door niet-radiologen. Het ImageJ en OsiriX® 
resultaat is vergelijkbaar met de professionele radiologische software iNtuition®. 

‘SILVER’trial: Selectieve arterIële emboLisatie VErsus Resectie van leveradenomen 

In hoofdstuk 7 hebben wij laten zien dat embolisatie van geruptureerde adenomen 
latere groei van deze afwijkingen kan voorkomen. Ook werd selectieve arteriële 
embolisatie gebruikt in een aantal niet-bloedende adenomen. Gedurende de con-
troleperiode hierna groeide geen van deze adenomen en toonde het merendeel 
zelfs regressie. Bij het afzonderlijk onderzoeken van grootte van bloedende en niet-
bloedende leveradenomen, werd een statistisch significante verkleining vastgesteld 
in beide groepen. Het is vanwege deze tumorregressie en de te verwachten verde-
re verlaging van het risico op ernstige bloedingen en kwaadaardige ontaarding, dat 
selectieve arteriële embolisatie als een nieuwe behandeling voor grote niet gerup-
tureerde leveradenomen aantrekkelijk is. Aangezien er geen statistisch significante 
complicaties van deze behandeling werden gemeld, kan arteriële embolisatie van 
leveradenomen de richting zijn voor verder toekomstig onderzoek. In hoofdstuk 14 
wordt een gerandomiseerde gecontroleerde trial voorgesteld met een twee-armig 
experimenteel ontwerp om deze nieuwe aanpak te onderzoeken bij de behande-
ling van leveradenomen. Het doel is nagaan in hoeverre minimaal invasieve embo-
lisatie bij niet-geruptureerde leveradenomen leidt tot een vermindering van de 
morbiditeit en mortaliteit vergeleken met een operatieve benadering. Na een be-
schermde, fijne naald biopsie, zullen patiënten met een negatieve β-catenine-
status (‘laag risico adenomen’), die in aanmerking komen voor resectie van hun 
leveradenoom, worden gerandomiseerd voor ofwel resectie of selectieve arteriële 
embolisatie. Het primaire eindpunt is de met behandeling gerelateerde morbiditeit 
en mortaliteit (binnen 90 dagen na de behandeling). Secundaire uitkomsten zijn: 
functioneel herstel, kwaliteit van leven en, na de behandeling, veranderingen in 
lichaamsbeeldperceptie, naast directe en indirecte medische kosten. De verwach-
ting is dat deze studie gegevens zal opleveren over de voordelen van selectieve 
arteriële embolisatie van leveradenomen. 

ORANGE II trial: Laparoscopische versus open leverresecties met ERAS 
programma 

Ten slotte wordt in hoofdstuk 15 een tweede trial voorgesteld om de effecten van 
ERAS-protocollen bij laparoscopische en open leveroperaties te evalueren. Het is 
een internationale, multicentrisch, gerandomiseerde studie gebaseerd op de waar-
nemingen van een sneller herstel en ontslag na laparoscopische leverresectie, 
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evenals een sneller herstel en ontslag na een open leverresectie met een ERAS-
herstelprogramma. Ook hier verwachten wij dat deze studie gegevens zal opleve-
ren over de voordelen van laparoscopische chirurgie bij patiënten die een lever-
operatie ondergaan binnen een versneld herstelprogramma. 
 
De hoofdstukken 16 en 17 behoeven geen nadere toelichting, daar het de general 
discussion is in het Engels (hoofdstuk 16) en bovenstaande Nederlandse samenvat-
ting daarvan (hoofdstuk 17).  
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