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ABSTRACT 
 

Liver cirrhosis – Epidemiological and Clinical Aspects 
Steingerður Anna Gunnarsdóttir 
Department of Internal Medicine 

Sahlgrenska University Hospital, Göteborg University, Sweden 
 

Liver cirrhosis is the end-stage of many different chronic liver diseases.  Limited data exists on 
the epidemiology, natural history and complications of liver cirrhosis such as esophageal varices and 
malignancies in the Nordic countries after the discovery of hepatitis C (HCV). Most hepatocellular 
carcinomas (HCC) develop in patients with liver cirrhosis but data on the occurrence of other 
malignancies than HCCs in these patients are scarce. Gastrointestinal (GI) symptoms such as nausea, 
vomiting, abdominal pain, and diarrhea are common in patients with advanced liver disease but the 
importance of portal hypertension for these symptoms is unexplored. 

The aims of the present study were to evaluate the incidence, outcome and complications of 
liver cirrhosis in a Swedish population and in Iceland and the effects of portal hypertension on small 
bowel motility and small intestinal bacterial overgrowth (SIBO) in patients with liver cirrhosis.   

The annual incidence of liver cirrhosis in Gothenburg was 15.3 ±2.4/100.000 compared to 3.3 
±1.2/100.000 in Iceland, p<0.0001. In Gothenburg 50% of the patients had alcoholic cirrhosis 
compared to 29% in Iceland (p<0.0001).  

Only 9% of patients died in their first variceal bleeding, that is within one week of their first 
bleeding episode. Of the patients diagnosed with esophageal varices after a bleeding episode, 55% 
had a bleeding episode during follow-up compared to only 13% of the patients diagnosed without a 
bleeding episode. Variables predicting mortality in a multivariate analysis were: Child-Pugh class, 
bleeding before diagnosis, age and bilirubin levels. Causes of death were in 26% of cases liver 
failure, 19% variceal bleeding and the rest other causes. 

Patients with liver cirrhosis had 267 times increased risk of hepatocellular cancer. Among 
patients with HCV cirrhosis, 19% developed HCC and 20% of those with HCV and alcoholic liver 
disease (ALD). We observed 13 times increased risk of cholangiocarcinoma and also increased risk 
for esophageal, pancreatic, pulmonary and colorectal cancer than in the general population. 

Patients with liver cirrhosis and portal hypertension had more motility disturbances in the small 
intestine compared to those without portal hypertension and seemed to have a higher risk of small 
intestinal bacterial overgrowth.   

Conclusions: The incidence of liver cirrhosis is low in Iceland, 24% of the incidence in 
Gothenburg. The difference is due to lower incidence of alcoholic liver disease and HCV cirrhosis in 
Iceland. In patients with liver cirrhosis and esophageal varices a bleeding is still a strong risk factor 
for recurrent bleeding. The mortality is high but mainly from other causes than variceal bleeding and 
few die in the first bleeding. The risk of HCC in cirrhosis is mostly associated with HCV and is the 
same in HCV patients with and without alcohol overconsumption. Other malignancies than HCC are 
more common in patients with cirrhosis than in the general population. Abnormal small bowel 
motility and SIBO is common in patients with liver cirrhosis with concomitant portal hypertension. 
Portal hypertension per se might be significantly related to small bowel abnormalities observed in 
patients with liver cirrhosis. 
 
Keywords: Liver cirrhosis, etiology, alcoholic liver disease, mortality, portal hypertension, esophageal varices, variceal 
bleeding, hepatitis C, hepatocellular cancer, malignancies, small intestinal motility, small intestinal bacterial overgrowth. 
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The Basics of Life  
        
Eldur er bestur     A man needs warmth, 
með ýta sonum     the warmth of fire 
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Heilindi sitt      A healthy man 
ef maður hafa náir     is a happy man 
án við löst að lifa.     who´s neither ill nor injured. 
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1. INTRODUCION 
 
1.1 BACKGROUND 
 
The word cirrhosis comes from the Greek word kirrhos, which means orange 
yellow (1).  Laennec gave cirrhosis its name kirrhos in 1819 in a brief 
footnote to his treatise De l’auscultation mediate (2).  The definition of 
cirrhosis remains morphological, described by a working party for the World 
Health Organization (WHO) in 1978 as: “a diffuse process characterized by 
fibrosis and the conversion of normal liver architectures into structurally 
abnormal nodules” (3).   

 
Cirrhosis is a chronic disease of the liver in which diffuse destruction and 
regeneration of hepatic parenchymal cells has occurred, in which diffuse 
increase in connective tissue has resulted in disorganization of the lobular 
architecture.  The triad of parenchymal necrosis, regeneration and scarring is 
always present regardless of individual clinical manifestations (4).  In the 
evolution of many chronic liver diseases cirrhosis is a stage that is 
considered to be irreversible.  Cirrhosis can be stabilized by controlling the 
primary disease but its presence implies consequences such as portal 
hypertension, intrahepatic shunting of blood, impaired parenchymal function 
affecting protein synthesis, hormone metabolism and excretion of bile and 
bile salts.  The most common complications are: gastrointestinal 
hemorrhage, ascites, encephalopathy, bacterial infections, renal failure, 
hepatocellular carcinoma and hepatic failure (5).  Certain reversible 
components of cirrhosis have been indicated where significant histological 
improvement have occurred with regression of cirrhosis but complete 
resolution with a return to normal architecture seems unlikely (6). The 
underlying immunological response has usually been acting for months or 
years where inflammation and tissue repairing are in progress 
simultaneously which leads in the end to fibrosis and cirrhosis (7).  

 
The main causes of cirrhosis are: alcoholic liver disease (ALD), hepatitis B 
(HBV), hepatitis C (HCV), non-alcoholic steatohepatitis (NASH), 
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haemochromatosis, auto-immune hepatitis (AIH), primary biliary cirrhosis 
(PBC) and primary sclerosing cholangitis (PSC) (8). The natural history of 
cirrhosis can be divided into a preclinical and a subsequent clinical phase.  
The preclinical phase is usually prolonged over several years; once clinical 
events occur, such as, ascites, encephalopathy, variceal bleeding or the 
development of hepatocellular carcinoma the remaining course of the 
disease is much shorter and usually fatal (9).  For liver cirrhosis there still is 
no curable treatment available except for liver transplantation. 
 
1.2 EPIDEMIOLOGY 
 
In developing countries viral hepatitis is the leading cause of cirrhosis and in 
the developed countries ALD, HCV and NASH are the most significant 
causes of cirrhosis (7).  In many developed countries the death rates from 
liver cirrhosis have been declining in the recent years with some exceptions 
(10).  World wide death rates from alcohol related liver cirrhosis has been 
decreasing but an increase has been observed in a few Eastern European 
countries and England (11).  In the United States (USA) there has been an 
increase in the proportion of patients with HCV compared to ALD in the 
recent years (12).  Studies on patients characteristics at diagnosis show that 
the mean age is around 60 years and majority of the patients are males with 
the male/female ratio ranging from 1.3-4 (13-17).  The highest mortality 
from liver cirrhosis is in the age group 60-70 years (14). 
 
There has been a reduction in hospitalization and mortality from liver 
diseases in Sweden from 1969-2001, which has been shown to be associated 
with reduced sales of spirits (18). Figures on the incidence of liver cirrhosis 
have been largely lacking in many countries such as Sweden, as well as 
Finland among the Nordic countries.  The mortality and incidence of liver 
cirrhosis per 100.000 inhabitants in the Nordic countries are shown in Table 
1. 
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Country Incidence Mortality Years Method/source  
     Sweden (19)  6.7 1995 Official mortality from LC 
     Finland (19)  10.6 1995 Official mortality from LC 
     Denmark (19)  16.7 1995 Official mortality from LC 
     Denmark 
           Men (20) 
           Women (20)

 
26.5 
11.8 

 2001-2005 National wide hospital registry 

      Norway (21) 13.4  1999-2004 Retrospective confirmation of 
diagnosis from hospital registry 

     Iceland (22) 4.8  
2.8 

1950-1990 
1970-1990 

Retrospective confirmation of 
diagnosis. Death certificates data. 

Table 1. Previously published studies on the incidence and mortality of liver cirrhosis per 
100.000 inhabitants in the Nordic countries. 
 
There are some difficulties in comparing the numbers in the different 
countries because in many of these studies the mortality from liver cirrhosis 
is presented from national wide databases without evaluation of the grounds 
of the diagnosis and risk of underreporting, which has been estimated in 
Norway to be 30% to the Norwegian Death Registry (21).  There have been 
changes in alcohol consumption in many of these countries in the last 
decades and it is therefore important to estimate the influence of these 
changes on the epidemiology of liver cirrhosis. 
 
1.3 ALCOHOLIC LIVER DISEASE 
  
ALD is one of the leading causes of liver cirrhosis in the Western World. 
The risk of acquiring alcohol cirrhosis has been suggested to increase when 
alcohol ingestion increases (23) and in a meta-analysis it has been 
demonstrated that even a low consumption increases the risk, for 25g/day 
the estimated relative risk was 1.5-3.6 (24). Epidemiological studies from 
around the world have documented a direct correlation between per capita 
ethanol consumption and liver related mortality rates (25-27). 

 
Mortality from alcoholic and even non-alcoholic liver cirrhosis has been 
shown to follow trends in total alcohol consumption per inhabitant showing 
that alcohol related deaths were underreported (28). 
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Whether there is a threshold of consumption where alcoholic liver disease 
develops has been studied and it has been estimated that the risk of liver 
injuries increases when the consumption exceeds 40 g/day (29), 20-40 g/day 
(30), 30 g/day (26), 12-24 g/day for women and 24-36 g/day for men (31), 
40-60 g/day for women (32) and 40-80 g/day (33).  According to these 
studies the threshold is near 40 g/day, which is 1.1 L of bear, 0.44 L of wine 
or 0.11 L of spirits (33).  Another interesting issue is for how long time the 
high alcohol intake has to exist to develop alcoholic liver disease and it has 
been estimated to take 16-20 years for men and 10-17 for women (34). 

 
Even though investigators have tried to find a threshold for alcohol 
consumption and liver injury, only a small proportion of people who have a 
high alcohol intake will develop liver cirrhosis.  In a study from Italy where 
the average consumption was 60 g/day or more, only 4.2 % had alcoholic 
liver disease (26).  In another cohort of individuals drinking 5 drinks a day 
the risk of liver cirrhosis was 5.9 % (35).  The total mortality from liver 
cirrhosis is often used to estimate changes in the prevalence of alcoholic 
liver diseases over time and comparing different nations.  In the last decades 
there has been a decrease in the mortality from liver cirrhosis in most 
European countries and in the United States (27, 36).  The average death 
rates from chronic liver diseases have been declining in the European Union 
but an increase has been observed in England (10, 37, 38). 

 
1.4 NATURAL HISTORY AND COMPLICATIONS OF LIVER 

CIRRHOSIS 
 
Clinical features of cirrhosis derive from morphological alterations and 
usually reflect severity of hepatic damage rather then the etiology of the 
underlying liver disease. The loss of hepatocellular mass may lead to 
jaundice, edema, coagulopathy, and a variety of metabolic abnormalities. 
Fibrosis and distorted vasculature lead to portal hypertension and its 
sequelae, including gastroesophageal varices and splenomegaly. Ascites and 
hepatic encephalopathy result from both portal hypertension and 
hepatocellular insufficiency. Other major complications of liver cirrhosis 
and portal hypertension are spontaneous bacterial peritonitis, hepatorenal 
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syndrome and heptocellular carcinoma. The sequelae are also 
thrombocytopenia as a result of hypersplenism and in the alcoholic patients a 
direct bone marrow suppression by ethanol. Diminished protein synthesis 
can lead to reduced production of factors I, II, V, VII, IX and X. This may 
also be worsened by concomitant malabsorption of the fat-soluble vitamin K 
due to cholestasis (39). 

 
It has been observed that liver cirrhosis also affects other organs and organ-
systems such as the gastrointestinal tract (40) and nutrition (41, 42) as well 
as the kidneys (43, 44) cardiovascular (45), respiratory (46-48) and the 
skeletal system (49-51). 

 
The prognosis of liver cirrhosis ranges according to the severity of the liver 
disease and is significantly reduced after the development of 
decompensation (52-54).  

 
A new scheme for the analysis of the natural history of cirrhosis and the 
identification of prognostic factors was proposed and agreed upon at the 
International Consensus Workshop of Baveno IV (55, 56).  The scheme 
identifies four clinical stages of cirrhosis: stage 1 which is characterized by 
the absence of esophageal varices and of ascites; stage 2 which is 
characterized by the presence of esophageal varices without ascites and 
without bleeding.  The development of ascites, with or without varices, in a 
patient who has never bled is the hallmark of stage 3. Gastrointestinal 
bleeding with or without ascites characterizes stage 4. Cirrhosis is defined as 
compensated when the patient is in stages 1 and 2, decompensated in stages 
3 and 4 (55, 56). Dividing the patients in to these 2 groups of compensated 
and decompensated cirrhosis is very useful in terms of prognosis as these are 
two distinct stages of cirrhosis with different predictors of survival (55, 56).  
The yearly mortality rates have been calculated based on a large natural 
history study and the yearly risk of death according to the clinical stage is: in 
stage 1: 1.0%, in stage 2: 3.4%, in stage 3: 20% and in stage 4: 57% (57).  
Even among patients with cirrhosis and mild portal hypertension the survival 
rate is significantly decreased compared to the general population (58). 
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To assess the severity of the liver disease, scoring models have been used. 
The oldest model is the Child-Pugh (CP) classification (59). The CP 
classification is based on bilirubin level, prothrombin time, albumin and the 
presence and/or severity of ascites and encephalopathy (Table 2). 
 
Table 2. The Child-Pugh classification 

        Points 
          1      2      3 
Encephalopathy (grade)  none  1 and 2 3 and 4 
Ascites      absent  slight   moderate 
S-bilirubin (mmol/L)   <35  35-50  >50 
S-albumin (g/L)    >35  28-35  <28 
INR      <1.3  1.3-1.8 >1.8  
The points for all five parameters involved are summed up and patients classified into 
one of the three classes A, B or C. Class A: 5-6 points, Class B: 7-9 points and Class C: 
>10 points. 
 
As liver transplantation is the only curable treatment for end-stage liver 
diseases it has become even more important to predict patients survival for 
prioritization on waiting lists for liver transplantations. One of the 
drawbacks of the CP classification is subjective assessment (encephalopathy 
and ascites) and another model has been developed for the assessment of 
prognosis which is the Model of End-stage Liver Disease (MELD) (60).  In 
this model there are only objective parameters, bilirubin, prothrombin time 
and creatinine. It has been shown to be reliable to estimate mortality risk for 
patients with end-stage liver disease of various etiologies (61, 62). 
 
1.5 PORTAL HYPERTENSION 
 
Portal hypertension is the most common and lethal complication of chronic 
liver disease and its consequences are: gastroesophageal varices, variceal 
hemorrhage, ascites, renal dysfunction, encephalopathy, hypersplenism and 
hepatopulmonary syndrome.  Portal hypertension is defined as an increase in 
portal pressure in which the pressure gradient between the portal vein and 
inferior vena cava (the portal pressure gradient) is increased above the upper 
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normal limit of 5 mmHg.  The clinical significance increases above 10 
mmHg (formations of varices) and above 12 mmHg (variceal bleedings and 
ascites) (63-66).  This value of 10-12 therefore represents the threshold for 
defining portal hypertension as clinically significant. The portal pressure 
gradient depends on the blood flow and vascular resistance in the portal 
venous system. It begins with increased resistance to portal blood flow and 
is aggravated by an increase in portal venous inflow. The increased 
resistance can be prehepatic (as in portal vein thrombosis), intrahepatic (as in 
cirrhosis) or posthepatic (as in hepatic vein thrombosis or heart disease). 
Increased hepatic vascular tone is the basis for the use of vasodilators to treat 
portal hypertension in cirrhosis. Portal inflow is increased by splanchnic 
vasodilatation which can be counteracted with vasoconstrictors and 
betablockers which is the prerequisite for use of these drugs in portal 
hypertension. Clinically portal pressure is assessed by measuring the hepatic 
venous pressure gradient (HVPG), which is the difference between the 
wedged hepatic venous pressure (WHVP) and free hepatic venous pressure 
(FHVP), at hepatic vein catheterization (67). 

 
The complications of portal hypertension are: upper gastrointestinal bleeding 
from ruptured gastroesophageal varices and portal hypertensive gastropathy 
(PHG), ascites, renal dysfunction hepatic encephalopathy, arterial 
hypoxemia, disorder in the metabolism of drugs or endogenous substances 
that are normally eliminated by the liver, bacteremia, and hypersplenism 
(68).  These complications are major causes of death and the main 
indications for liver transplantation in patients with liver cirrhosis. 

 
Factors contributing to the increase in hepatic vascular resistance in cirrhosis 
are: reduction in the release of endogenous vasodilators (such as nitric 
oxide) (69, 70) and an increase in endogenous vasoconstrictor activity (such 
as angiotensin, norepinephrine and vasopressin) (68).   

 
Splanchnic vasodilatation is usually associated with peripheral 
vasodilatation and a systemic hyperkinetic syndrome, characterized by 
reduced arterial pressure and peripheral resistance and increased plasma 
volume and cardiac output (68). Peripheral vasodilatation plays a major role 
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in the activation of endogenous neurohumoral systems that cause sodium 
retention and expansion of the plasma volume, followed by an increase in 
the cardiac index (71). 
 
The pressure in esophageal varices can be measured at endoscopy by direct 
puncture of the varices (72) or with an endoscopic pressure-sensitive gauge 
attached to the tip of the endoscope (72, 73, 74). This is non-invasive 
technique, Varipress®. It is based on the assumption that because of their 
thin walls and lack of external tissue support, varices behave as elastic 
structures, thus, the pressure needed to compress a varix (which can be 
sensed by a pressure gauge) equals the pressure inside the varix. High 
sensitivity pressure transducer is used to record the measurements (75). The 
variceal pressure is calculated as the difference in pressure when the capsule 
is free in the esophageal lumen and when it is applied over a varix. Several 
recordings are usually obtained for each patient and the result given is the 
mean of at least three satisfactory tracings.  Several studies have shown a 
good correlation between this technique and the more invasive variceal 
puncture technique (72, 73). 
  
1.6 VARICEAL BLEEDING 
 
The most important clinical consequences of portal hypertension are related 
to the formation of portal-systemic collaterals, including gastroesophageal 
varices, which are responsible for one of the main complications of portal 
hypertension, upper gastrointestinal bleeding (67). 

 
The main cause of variceal bleeding is thought to be excessive hydrostatic 
pressure inside the varices, which is a consequence of increased portal 
pressure. Many studies have shown that variceal bleeding does not occur 
before the HVPG reaches a threshold value of 12 mmHg (63, 65, 66).  
Variceal bleeding occurs when the tension exerted by the thin wall of a varix 
is beyond a critical value, determined by the elastic limit of the vessel, then 
the variceal wall cannot resist further dilation and variceal rupture occurs.  
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According to Frank’s modification of Laplace’s law, variceal wall tension 
(WT) can be defined by the following equation: WT = (Pi – Pe) x r/w.  In 
which Pi is the intravariceal pressure, Pe the pressure in the esophageal 
lumen, r the radius of the varix and w the thickness of its wall (68, 76, 77). 
This equation explains the prognostic value of the red color signs indicating 
areas where the wall of a varix is especially thin (77, 78).  
 
At the diagnosis of cirrhosis, varices are present in about 40% of 
compensated patients and in 60% of those who present with ascites (79).  
The HPVG usually increases with worsening liver function and continued 
alcohol abuse and may decrease when liver function improves and alcohol is 
discontinued (80). Prospective studies have demonstrated that variceal 
hemorrhage does not occur if the HVPG is reduced, spontaneously or 
pharmacologically to levels below 12 mmHg (66, 80, 81), or more then 20% 
from baseline (82). 
  
The incidence of esophageal varices in patients with cirrhosis increases 
about 5%-8% per year (67, 83). In a meta-analytic review it is recommended 
that patients with liver cirrhosis should undergo endoscopic screening 
regularly. Those without varices every other year and those with small 
varices every year (84). Patients with medium-sized to large varices are 
considered to be at considerable risk for bleeding, and they should receive 
therapy to prevent variceal bleeding (85, 86).  The risk for both rebleeding 
and mortality peaks during the first days after bleeding, it declines slowly 
thereafter and after 6 weeks becomes constant and virtually equal to that 
before bleeding (87). It has been demonstrated that changes in management 
and therapy of variceal bleeding has led to improvement in survival over the 
past decades (88, 89), but information on the prognosis of patients with 
esophageal varices in Sweden is limited. 
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1.7 GASTROINTESTINAL MOTILITY DISORDERS AND SMALL 
INTESTINAL BACTERIAL OVERGROWTH IN LIVER 
CIRRHOSIS 

 
The liver and the biliary tree arise from the foregut during fetal 
development. This common embryologic origin causes the close relation 
between the liver and the gastrointestinal tract (40).  The venous blood from 
the gastrointestinal tract passes the liver through the portal venous system 
before it joins the systemic circulation.   
 
Gastrointestinal symptoms and disturbances in gastrointestinal secretory, 
digestive, and motor functions appear to be common among patients with 
liver disease (90).  Small intestinal dysmotility, bacterial overgrowth, 
changes in mucosal permeability can enhance bacterial translocation and 
therefore increase the risk of systemic infections and sepsis in patients with 
liver cirrhosis (91). 
  
Patients with liver disease have high prevalence of gastrointestinal 
symptoms such as nausea, vomiting, abdominal pain and diarrhea (90-92).  
 
It has been demonstrated that portal hypertension can cause morphological 
alterations in the intestinal mucosa (93).  A protein loosing enteropathy has 
been described in cirrhosis (94, 95), and the severity correlates with clinical 
stage and the presence of portal hypertension and hypoalbuminemia (96).  
Studies of small-intestinal motility, in both an animal model of portal 
hypertension and in patients with chronic liver disease and portal 
hypertension have shown delayed transit through the small intestine (97-99).   
 
Studies have also shown small-intestinal dysmotility and in particular 
abnormalities in the frequency and propagation of phase III of the migrating 
motor complex (98-102).  Several studies have shown a high prevalence of 
small-intestinal bacterial overgrowth (SIBO) in patients with chronic liver 
disease (100,101,105-107). 
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The pathophysiology of intestinal dysfunction is not fully understood.  One 
of the many hypotheses is autonomic dysfunction which has been detected in 
high proportion of patients with cirrhosis and also in patients with 
extrahepatic portal hypertension, indicating that the portal hypertension per 
se plays an important role in the pathogenesis of autonomic dysfunction 
(108). Gastric and autonomic motor dysfunctions have been shown to 
correlate in patients with cirrhosis (109). 
  
The clinical significance of gastrointestinal dysfunction in patients with liver 
cirrhosis for the development of SIBO and risk of spontaneous bacterial 
peritonitis (SBP) is somewhat obscure. Edema of the intestinal wall, a 
consequence of hypoalbuminemia and portal hypertension are factors that 
can contribute to a disruption of mucosal function and facilitate bacterial 
translocation into the portal circulation (110).  It has been shown that 
translocation occurs in experimental models of cirrhosis, portal hypertension 
and ascites (111-115). Conflicting results exist on the permeability of the 
intestinal mucosa in patients with liver cirrhosis with some studies 
demonstrating increased permeability (116-118) whereas others have not 
(119-121). Abnormal intestinal permeability has been postulated to be of 
limited importance in the pathophysiology of bacterial infections in patients 
with liver cirrhosis (122). 

 
Recent gastrointestinal hemorrhage is a known risk factor for SBP and sepsis 
in humans (123,124). It is of interest that in an animal model translocation 
was exacerbated by the induction of hemorrhage (112). The consequences of 
SIBO and bacterial translocation could lead to activation of tumor necrosis 
factor (TNF) and other cytokines that affect homeostatic functions and it has 
been suggested that activation of TNF could potentiate the hyperdynamic 
circulation that is the hallmark of portal hypertension (125). 
 
The effect of portal hypertension per se on small bowel motility and small 
intestinal bacterial overgrowth is not fully understood.  Changes in intestinal 
motility and bacterial overgrowth have not been compared in patients with 
liver cirrhosis with and without portal hypertension although a correlation 
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between changes in small bowel motility, bacterial overgrowth and liver 
cirrhosis have been demonstrated. 
  
1.8 HEPATOCELLULAR CARCINOMA (HCC) AND OTHER 

MALIGNANCIES IN PATIENTS WITH LIVER CIRRHOSIS 
 
Hepatocellular carcinoma (HCC) is the fifth most common malignancy 
globally in men and the eight most common in women (126).  The 
geographic areas with the lowest incidence rates include northern Europe, 
Australia, and North America (126).  In the past decades the number of cases 
of HCC has increased in the United States (127), with a shift in the incidence 
rates in the younger age groups as well as in Australia, Central Europe, the 
United Kingdom and Japan (126). Rates for liver cancers in men are 
typically 2 to 4 times higher than in women (126). It is unclear whether the 
higher risk of HCC in males reflects an increased susceptibility of men to the 
tumor or a greater exposure to such environmental risk factors as hepatitis 
viruses and alcohol. 
  
The majority of patients worldwide with HCC have underlying liver 
cirrhosis, supported by the fact that in 80% of autopsies of patients with 
HCC, cirrhosis is found (128).  The annual incidence of HCC in patients 
with compensated cirrhosis is about 3%, and HCC has been identified as a 
relevant cause of death in these patients (129,130). 
  
Studies have shown a strong correlation between hepatitis C virus (HCV) 
infection and HCC (127,131). A meta-analysis of 32 case-control studies the 
estimated risk for the development of HCC was 17.5 fold greater in HCV 
carriers than in non-carriers (131).  The severity of the hepatitis is the crucial 
factor for increased risk for HCC in carriers of HCV, the strongest predictor 
of HCC was cirrhosis (132-138). The increased risk of hepatocellular 
carcinoma (HCC) in patients with liver cirrhosis is well established and liver 
cirrhosis can therefore be considered a premalignant condition (139). 
   
Among patients with alcoholic liver cirrhosis who died during a 15 years 
follow-up, 20% died from malignancies, 10% from HCC and 10% from 
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other malignancies (140).  Studies both from Denmark and Japan have 
reported an increased risk for the development of cholangiocarcinoma (CC) 
in patients with liver cirrhosis (141,142).  Pulmonary and pancreatic cancers 
were also found to be associated with cirrhosis with 4-5 times increased risk. 
Furthermore a 1.5 times increased risk for colorectal cancer (CRC) was 
observed (141).  In a French study the prevalence of colon adenomatous 
polyps, was over two times higher in patients with cirrhosis than in those 
without cirrhosis after controlling for alcoholism (143).  
 
There are limited data on the occurrence of other malignancies than HCCs in 
patients with liver cirrhosis. Changes in hormonal levels, impaired 
metabolism or alterations in immune function could influence the cancer risk 
in patients with liver cirrhosis. Information of the occurrence of hepatic and 
extrahepatic malignancies in patients with liver cirrhosis in Sweden is scarce 
and it has not been compared previously with that in the general population. 
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2. AIMS OF THE PRESENT STUDIES 
 
 

 
To evaluate the incidence, etiology and prognosis of patients with liver 
cirrhosis both in Sweden and Iceland. To investigate prognosis in relation to 
different etiologies, and the relationship between alcohol consumption in 
these countries and the incidence of alcoholic cirrhosis in the last decades. 
 
 
 
To evaluate the outcome of patients with esophageal varices of cirrhotic and 
non-cirrhotic causes. Also to evaluate relationship with the etiology of 
cirrhosis and treatment used, and to which extent different treatment for 
esophageal varices have been applied in a University Hospital in Sweden in 
recent years. 
 
 
 
To assess the risk of hepatic and extrahepatic malignancies in a Swedish 
cohort of patients with liver cirrhosis compared to that in the general 
Swedish population, and to identify the most important predictors for the 
development of different forms of malignancies in patients with cirrhosis. 
 
 
 
To investigate the effects of portal hypertension on small bowel motility and 
small intestinal bacterial overgrowth in patients with liver cirrhosis, and 
whether portal hypertension could have a pathogenic role in altering small 
bowel motility and small intestinal bacterial contents in cirrhotic patients. 
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3. METHODS 
 
The studies were approved by the Ethics Committee at the University of 
Gothenburg the Sahlgrenska Academy.  In study I all the participants gave 
informed consents.  Studies II, III, and IV are record studies the cohort of 
patients have been studied retrospectively.  Study III was also approved by 
the Ethics Committee at the Icelandic University Hospital, Landspitali. 
 
3.1 Paper I 
 
3.1.1. Subjects 
A retrospective analysis was performed on all patients with liver cirrhosis 
diagnosed for the first time in Gothenburg, Sweden serving a population of 
approximately 600.000 inhabitants during the 10-year period 1994-2003.  In 
comparison we analyzed all patients with the diagnosis liver cirrhosis during 
the same time period in Iceland (approximately 300.000 inhabitants).  Study 
outcomes were overall mortality during follow-up and causes of death.  
Patients were followed until death or, if alive, until data were collected from 
their medical records.  The end-points were death, transplantation or follow-
up if the patient was still alive. 
 
3.1.2. Data collection 
All patients diagnosed with liver cirrhosis during hospitalization or as 
outpatients were retrieved with a search in a computerized diagnoses 
database at the Sahlgrenska University Hospital Gothenburg Sweden and 
also at Landspitali University Hospital and Akureyri District Hospital in 
Iceland, serving the whole population of Iceland.  Medical records were 
reviewed and only patients in whom the cirrhosis was diagnosed for the first 
time during these years were included.  The medical records of eligible 
patients were reviewed to obtain necessary clinical, laboratory, imaging and 
follow-up data.  Diagnosis and etiology of the cirrhosis was based on a liver 
biopsy or on compatible clinical, laboratory and imaging findings, based on 
the presence of at least two of the following: characteristic imaging features, 
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esophageal or gastric varices, ascites, increased INR that could not be 
attributed to any other cause. 
 
3.1.3. Information obtained from medical records  
The following information was obtained from medical records:  gender, age 
at diagnosis, etiology of the liver cirrhosis and the diagnostic work-up of the 
etiology, presence of ascites and esophageal varices, laboratory results at 
diagnosis: hemoglobin, platelets count, prothrombinkomplex (PTK) or 
international normalization ratio (INR), albumin, bilirubin, AST, ALT, ALP, 
time of death and cause of death. If the information on the cause of death if 
this information was lacking in the medical records the causes of death were 
retrieved from the Swedish Epidemiological Center (the Swedish registry of 
Causes of Death from the National board of Health and Welfare), and from 
the Icelandic Registry of Causes of Death. 
 
3.2 Paper II 
 
3.2.1. Subjects 
This study was a retrospective analysis of all patients with esophageal 
varices diagnosed for the first time at Sahlgrenska University Hospital 
(serving a population of approximately 600 000 inhabitants) during the 6-
year period 1994-1999; and thus there was no selection. Patients with liver 
cirrhosis as well as those with non-cirrhotic portal hypertension were 
included. Death in variceal bleeding was defined as death within 1 week 
after a variceal bleeding. Study outcomes were frequency of bleeding during 
follow-up, death in variceal bleeding and overall mortality during follow-up. 
Patients were followed until death or, if alive, until the day data were 
collected from their medical records. The end-points were death, 
transplantation or follow-up if the patient was still alive. 
 
3.2.2. Data collection 
All patients diagnosed with esophageal varices during hospitalization, or as 
outpatients in the endoscopy unit, were retrieved from the hospital diagnoses 
register. A long list of patients with this diagnosis was provided from 
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different departments. All these records were reviewed and only patients in 
whom the varices were diagnosed for the first time during these years were 
included. The medical records of eligible patients were reviewed to obtain 
necessary endoscopic, intensive care unit (ICU), clinical, laboratory, 
imaging and follow-up data. Diagnosis and etiology of the cirrhosis was 
based on a liver biopsy or on compatible clinical, laboratory and imaging 
findings, based on the presence of at least two of the following: 
characteristic imaging features, esophageal or gastric varices, ascites, 
increased INR that could not be attributed to any other cause. 
 
3.2.3. Information obtained from medical records  
The information obtained was apart from gender: age at diagnosis, etiology 
of portal hypertension and cirrhosis, presence of ascites, laboratory results at 
diagnosis: haemoglobin, platelets count, coagulation factors II, VII, X, 
(PTK), albumin, bilirubin, AST, ALT, ALP, hepatitis serological tests, 
recorded bleeding episodes, acute therapy to stop bleeding, indication for 
gastroscopy, primary and secondary prophylactic therapy, time of death and 
diagnosis (those that we could not find in the medical records were retrieved 
from the Causes of Death Register). 
 
3.3 Paper III 
 
3.3.1. Subjects 
The study cohort comprised all liver cirrhosis patients registered over the 12 
year period 1994-2005 during hospitalization or as outpatients at the 
Sahlgrenska University Hospital Gothenburg Sweden serving a population 
of approximately 600.000 inhabitants.  
 
3.3.2. Data collection 
The patients were identified through search of computerized diagnoses 
database at the Sahlgrenska University Hospital.  Medical records were 
reviewed and only patients in whom the cirrhosis was diagnosed for the first 
time during these years were included. Diagnosis of the cirrhosis was based 
on a liver biopsy or on compatible clinical, laboratory and imaging findings, 
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based on the presence of at least two of the following: characteristic imaging 
features, esophageal or gastric varices, ascites, increased INR that could not 
be attributed to any other cause. 
 
All patients’ records were scrutinized to confirm the diagnosis of liver 
cirrhosis and to obtain necessary clinical, laboratory, imaging and follow-up 
data. 
 
3.3.3. Follow-up 
Two strategies were used for follow-up: 1. through the National Swedish 
Cancer Registry which provided follow-up of all patients to 20 November, 
2007 and 2. follow-up to latest clinical visit, at the latest to 27 November, 
2007.  Linkage between registries was possible through the individually 
unique ten-digit national registration number assigned to all Swedish 
residents. The National Cancer Registry was founded in 1985 and the 
reporting is close to 98% complete (144,145).  From the Death Registry we 
ascertained date of death during follow-up and also checked if any death due 
to cancer was reported that was not registered in the National Swedish 
Cancer Registry.  
 
3.3.4. End-points 
Endpoints were overall mortality during follow-up and causes of death, or 
last date of clinical follow-up. Patients were also censored at time for liver 
transplantation. 
 
3.4. Paper IV 
 
3.4.1. Subjects 
Twenty-four patients with liver cirrhosis were included: 12 had esophageal 
varices and thus portal hypertension (PH group), and 12 had no clinical signs 
of portal hypertension, with no esophageal varices on endoscopy and no 
history of ascites (LC group). 
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The manometry results were compared with the findings from 32 healthy 
controls (15 women, 17 men; mean age 35 yr, age range 23–54 yr) (HC 
group). 
 
3.4.2. Manometry 
Antroduodenojejunal pressure was recorded after an overnight fast with an 
eight-channel catheter as previously described (146). The catheter was 
introduced nasally and placed, under fluoroscopic guidance, with three side 
ports in the gastric antrum 1.5 cm apart, three in the proximal descending 
part of the duodenum 2 cm apart (to allow analysis of the propagation of 
individual pressure waves) (147), one in the distal duodenum close to the 
ligament of Treitz, and one in the proximal jejunum. The water-perfused 
pressure catheter had an outer diameter of 4.8 mm, a central lumen of 1.8 
mm for the guidewire, and eight lumens with a diameter of 0.8 mm for 
pressure recording, the placement of the side ports is shown in Fig 1. 

 
 
Figure 1. The placement of the side ports on the catheter used for antroduodenojejunal 
pressure recordings. 
 
The pressure recording side ports were located 2, 17, 30, 32, 34, 45.5, 47, 
and 48.5 cm from the tip of the catheter. The catheter was connected to 
pressure transducers, and recordings were made by a PC polygraph 
(Synectics Medical, Stockholm, Sweden), which converted the pressure data 
into digital information at 4 Hz and transferred it to an IBM-compatible 
computer. The individual recordings were displayed on the computer screen 
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during the recording and were stored for later analysis. The patients were in 
a semireclining position during the registration. Fasting motility was 
recorded for 5 h and another 1 h after a standard meal, which consisted of 
porridge made from about 200 ml of water and 50 g rolled oats, 150 ml milk, 
white bread (50 g), butter (10 g), and about 13 g of cheese (16% fat); total 
energy content of the meal was 500 kcal). A condensed tracing was used for 
conventional evaluation of motility disorders in the small intestine (148). 
 
3.4.3. Analysis of manometric data 
Phase III of the gastric antrum was defined as a sequence of three pressure 
waves per min for at least 1 min in temporal relationship with a duodenal 
phase III and followed by motor quiescence (phase I). In the small intestine 
the phase III was defined as a sequence of regular pressure waves, 10.5–
14/min for at least 2 min, migrating in aboral direction and followed by 
motor quiescence (phase I). Phase II was defined as motor activity below the 
phase III frequency but more than 2 contractions/10 min. Phase I was 
defined as a period with contractions not more than 2/10 min and preceded 
by a phase III. 
 
The duration of MMC was defined as the time passing between two 
consecutive phases III. For calculation of the motility index in the four 
segments studied, the following channels were used: channel 3 in the 
antrum, channel 5 in the proximal duodenum, channel 7 in the distal 
duodenum, and channel 8 in the jejunum. 
 
A long cluster of intestinal activity was defined as a sequence of pressure 
waves at the maximal contractile activity (10–14/min), lasting ≥30 sec and 
preceded and followed by motor quiescence for >30 sec but not followed by 
a motor phase I–like quiescence. The channels used were numbers 4, 5, 6, 7, 
and 8. 
 
Analysis of interdigestive motility and individual pressure waves was 
performed by inspection on the computer screen. Motility variables 
measured were the duration of MMC, the number of phases I, II, and III and 
their duration, phase III motility index (area under the curve mm Hg × sec), 
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and the migration velocity of phase III from the proximal duodenum to the 
distal duodenum and from the distal duodenum to the jejunum. The motility 
index for the last 30 min of phase II (late phase II), the number of 
propagated single contractions during phase II, and the total number of long 
clusters of contractions during phase II were measured. Postprandial 
recordings were analyzed for motility index and propagated single 
contractions. 
 
The MMC cycles were analyzed qualitatively and quantitatively with a 
commercially available program (Polygram, version 5.06 X1, Synectics 
Medical). The basic menu of this program was used for calculations. The 
area under the curve was used as motility index, expressed as mm Hg × sec. 
 
Evaluation with high temporospatial resolution was performed to analyze the 
propagation pattern of individual pressure waves in the proximal duodenum, 
(channels 4–6) in late phase II and postprandially (the first 30 min after the 
test meal). The direction of propagation was determined visually on the 
computer screen. 
 
Conventional evaluation of the condensed manometry data were performed 
by one of the investigators, who was blinded to patient group. Motor 
abnormalities were divided into neuropathic- and myopathic-like patterns. 
Patterns were defined as neuropathic-like if: 1) phase III started earlier in the 
more distal segments of the small bowel studied (retrograde activity front) or 
were interrupted for ≥1 min; or 2) there were bursts of regular pressure 
waves in phase II with higher contraction frequency than normal (i.e., 
≥15/min); or 3) a phase III appeared 30 min after the start of the meal (no 
fed pattern); or 4) a steady elevation above baseline after the meal was 
observed. Recordings with persistently low amplitude of contractions but 
with normal coordination patterns were considered to be myopathic-like. 
 
3.4.4. Diagnosis of bacterial overgrowth 
Aspirate from the jejunum was obtained at the manometry via the central 
lumen of the catheter and collected in a sterile glass tube. Specimens were 
cultured (within 2 h) for aerobic and anaerobic bacteria on blood agar plates 
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with 4% defibrinated horse blood in aerobic and anaerobic atmosphere of 
10% CO2 and N2, and for selective cultivation of gram-negative strains on 
Drigalski agar under aerobic conditions. Yeast fungus was cultured on 
Sabouraud's agar. The incubation time of the plates was at least 48 h. 
 
Identification of the microorganisms was based on colony characteristics, 
Gram staining, and biochemical and gas chromatographic tests. Cultures 
from jejunal aspirate were considered positive if the total count of colonic 
bacteria was >105 colony-forming units/ml (104,149,150), whereas growth 
of upper respiratory tract flora was not regarded as positive. Biopsies were 
taken from the stomach during gastroscopy to verify whether the patients 
had atrophic gastritis or not. 
 
3.4.5. Variceal pressure measurements 
Variceal pressure measurements were performed in all 12 patients with 
esophageal varices with a noninvasive technique that employs a pressure-
sensitive capsule connected to an endoscope (Varipress®, Labotron, 
Barcelona, Spain) (72-74). 
 
The capsule is perfused with a constant flow of nitrogen; when applying it 
over the esophageal varix the pressure needed to perfuse the capsule equals 
the variceal pressure. A high sensitivity pressure transducer was used for 
recording. Variceal pressure was calculated as the difference in pressure 
when the capsule was free in the esophageal lumen and when it was applied 
over a varix. Several recordings were obtained in each patient, and the 
results given represent the mean of at least three satisfactory tracings 
obtained in each patient. A schematic figure of the Varipress method is 
shown in Fig 2 and a typical registration is shown in Fig 3. 
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Figure 2. Schematic figure of the Varipress method for variceal pressure measurements. 
 
 
 
 

 
Figure 3. A Varipress registration from one patient, showing 6 tracings. 
 
 
 
 
3.5. Statistical methods 
 
3.5.1. In papers I and II 
Mean, SD, range, medians and percentages were calculated for descriptive 
purposes.  When comparing two groups, Fisher’s exact test was used for 
dichotomous variables; for non-ordered categorical variables, the chi-square 
test was performed and for ordered categorical variables Mantel-Haenszel’s 
test was used. When comparing three groups, Kruskal-Wallis ANOVA was 
performed for continuous variables.  
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For comparison of the incidence in Gothenburg and Iceland the optimal test 
(151) for comparison of two poisson distributions has been used.   
 
For survival analysis, Kaplan-Meier estimates were calculated and formally 
tested with the log-rank test.  
 
In order to select independent predictors to survival stepwise Cox 
proportional hazard regression analysis were performed.  Only variables that 
affected survival time at univariate test (p<0.1) were included as possible 
predictors in the multivariate analysis.  Hazard ratios with 95% confidence 
intervals were calculated with Cox models for descriptive purpose.  All tests 
were two-tailed and conducted at 5% significance level. 
 
3.5.2. In paper III 
Mean, standard deviation (SD), medians and percentages were calculated for 
descriptive purposes.  When comparing two groups, Fisher’s exact test was 
used for dichotomous variables.  For comparison of continuous variables the 
t-test was used.  All tests were two-tailed and were conducted at a 5% 
significance level. 
 
The expected number of cases used to calculate SIRs was obtained by 
multiplying age- and calendar specific person-years in the cohort with the 
corresponding incidence in the entire Swedish population.  Confidence 
intervals of SIRs were calculated assuming Poisson-distributed number of 
observed cancer cases. 
 
3.5.3. In paper IV 
Results are presented as mean ± SEM. For comparison between two groups, 
Fisher nonparametric permutation test was used. Pitman nonparametric 
permutation test was used for all correlation analyses. In addition, Pearson 
correlation coefficient was calculated for descriptive purposes. All 
significance tests were performed two-sided and conducted at a 5% 
significance level. 
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4. RESULTS 
 
4.1. Liver cirrhosis in Gothenburg and Iceland, epidemiology and 
natural history 
 
4.1.1. Patients characteristics 
A total of 1016 patients were eligible to be included in the study 918 in 
Gothenburg Sweden (SW) and 98 patients in Iceland (IC). A gender 
difference was found between the countries with 69.3% of the patients were 
of male gender but in Iceland 52% were males (p=0.001). Higher age at 
diagnosis was observed in Gothenburg (60.0 ± 12.4) years vs. in Iceland 
(63.7 ± 13.4) years (p=0.0004).  In Gothenburg there was a significant 
difference when comparing the age of the patients with ALD (58.5 ± 10.5 
years) vs. NALD (62.3 ± 14.7 years), (p<0.0001), but no difference in the 
Icelandic group.  
 
Only 9% in GO and 5% in IC had HCV (p=NS).  There were a higher 
proportion of patients with PBC, AIH and heamochromatosis in IC than in 
GO (p<0.001). The etiology was unknown that is cryptogenic cirrhosis in 
GO 16% and IC 20 % (p=NS). Concerning the etiology of the liver cirrhosis, 
alcohol abuse  was much more common in SW than in IC 50% and 29% 
respectively and when those who also were infected with hepatitis C were 
included this difference was, 62% and 32%, respectively (p<0.0001). A 
higher proportion of patients in GO than in IC had ascites, 61% vs 34% 
(p<0.0001). The mean Child-Pugh score was higher in Gothenburg 9.0±2.5 
vs in Iceland 7.3±2.7 (p<0.0001). 
 
4.1.2. Incidence 
The incidence per 100.000 inhabitants for each year as well as proportion of 
alcoholic etiology is shown in figure 6. The mean annual incidence per 
100.000 inhabitants in Gothenburg was 15.3 ± 2.4 compared to Iceland 3.3 ± 
1.2 p<0.00001. In SW the incidence and proportion of alcohol etiology has 
been fairly constant over the study period but in IC the proportion of 
alcoholic etiology varied more between the years (Figure 4). 
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Figure 4. Incidence of liver cirrhosis in Iceland and Gothenburg. 
 
The registered alcohol consumption in Sweden has not changed much in the 
past decades whereas it has increased in Iceland (Figure 5) (152,153). 
 

 
Figure 5. Registered alcohol consumption in Sweden and Iceland over a 30 year period. 
 
4.1.3. Survival analysis 
The Kaplan-Meier curves for transplantation-free survival comparing IC vs 
SW demonstrate a better survival for the cirrhotics in IC (p=0.0137) (Figure 
6). 
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Figure 6. KM-curve comparing survival of patients in Iceland and Gothenburg. 
 
However, for the same Child-Pugh (CP) groups in the different countries 
there was no significant difference in survival (Figure 7a CP-A, 7b CP-B, 7c 
CP-C).   
 

 
Figure 7a     Figure 7b 

 Figure 7c 
 
 
No significant differences were observed in survival for ALD vs NALD in 
neither Gothenburg nor Iceland (p=NS) Figure 8 a and b. 
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Figure 8 a Gothenburg   Figure 8 b Iceland  
 
4.1.4. Variables associated with overall mortality 
 

Table 3. Univariate and multivariate survival analysis for Sweden 
  Univariate analysis  Multivariate analysis 
Variables HR (95% CI)                 p  HR (95% CI)                 p 
  for death    for death 
C-P score 1.220 (1.181-1.260) <0.0001 1.180 (1.135-1.227) <0.0001 
Age (year) 1.016 (1.009-1.022) <0.0001 1.023 (1.016-1.030) <0.0001 
Bilirubin 1.002 (1.002-1.003) <0.0001 1.001 (1.001-1.002)   0.0002 
Gender 
     Woman 1     1 
     Man 1.205 (1.008-1.440) 0.0348  1.295 (1.073-1.563)   0.0071  
AST  1.013 (1.006-1.020) 0.0004  1.011 (1.002-1.019)   0.0153 
HR = Hazard ratios, CI = Confidence interval 
 
 
Table 4. Univariate and multivariate survival analysis for Iceland. 
  Univariate analysis  Multivariate analysis 
________________________________________________________________________ 
Variables HR (CI)             p  HR (CI)          p 
  for death    for death 
Etiology  
unknown 3.091 (1.746-5.471) <0.0001 4.059 (2.097-7.860) <0.0001 
C-P score 1.125 (1.021-1.238) 0.0171  1.209 (1.087-1.344)   0.0005 
Gender 
     Woman 1     1 
     Man 2.005 (1.168-3.441) 0.0090  2.220 (1.252-3.937)   0.0064 
Age (year) 1.029 (1.003-1.055) 0.0257  1.027 (1.005-1.050)   0.0154 
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4.2 Esophageal varices, prognosis and outcome 
 
4.2.1. Patients characteristics 
A total of 312 patients were eligible to be included in this study. Two-
hundred-and-ninety-seven patients had liver cirrhosis, 197 with a diagnosis 
of OV obtained before the first bleeding (P), 92 with OV diagnosed after 
bleeding (B). Eight (3%) of the patients were diagnosed at autopsy (A) and 
were excluded from further analysis. Fifteen (5%) of the patients had portal 
vein thrombosis (T), without liver cirrhosis (7/15, 47% of these were 
diagnosed in association with a bleeding episode). In groups B and P the 
etiology of the cirrhosis was alcohol abuse in 54% of the patients (including 
those who were also infected with the hepatitis C virus. There was no 
significant difference between groups B and P in the frequency of alcohol-
related etiology when combining the etiology groups alcohol abuse and 
alcohol abuse + HCV (58% versus 53%; p=NS). Thirty-eight patients 
(38/289, 13%) had other identified etiology of the cirrhosis than alcohol or 
HCV: primary biliary cirrhosis (PBC) 16; primary sclerosing cholangitis 
(PSC) 5; hepatitis B 4; auto-immune hepatitis (AIH) 4; haemochromatosis 3; 
non-alcoholic steatohepatitis (NASH) 3; congenital fibrosis 3. In 53 patients 
(17%) the etiology was unknown. The incidence as well as the proportion of 
alcoholic etiology was fairly constant over time (Fig.9).  

  
Figure 9. Number of patients diagnosed for each year and the proportion of alcohol 
etiology.  
 
4.2.2. Outcome 
In the B group, 8/92 (9%) died in their first bleeding. In 4/8 the etiology was 
alcoholic liver disease. During follow-up, 46/84 (55%) group B patients 
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experienced at least one bleeding episode as compared to 26/197 (13%) of 
those in group P (p<0.001), in spite of a much higher rate of prophylactic 
treatment in the B patients (96% versus 56%). When comparing patients in 
Child-Pugh class A + B versus C, there was no difference in rebleeding 
frequency (p=NS). The median follow-up was 24 months (range 0-96); 20 
months in group B, 25 in group P and 36 in group T (p=NS). 
Transplantation-free survival for the three groups is shown in fig 10. There 
was a tendency towards a worse prognosis in group B vs. group P 
(p=0.0516). 
 

 
Figure 10. Kaplan-Meier survival curves for the three patient groups B, P and T. 
 
Because of the different etiology of the portal hypertension compared to 
groups B and P, the T group was excluded from the further survival analysis. 
There was a significant difference in survival related to CP classes (p<0.001) 
(Fig.11), and to the presence or absence of ascites (p<0.001) (Fig.12). 
 

   
Figure 11. Kaplan-Meier survival curves for the different Child-Pugh classes A, B and C. 
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Figure 12. Kaplan-Meier survival curves for patients with and without ascites.  
 
 
4.2.3. Variables associated with overall mortality. 
 
The variables associated with overall mortality are shown in Table 5. 
 
 

Univariate analysis  Multivariate analysis 
Risk    Risk 
ratio of    ratio of 

Variables death  p  death  CI95%
*              p 

CP class 1.951  0.00001 1.479  1.199-1.824           <0.0001 
Group P 1    1      
 B 1.339  0.05164 1.441  1.062-1.957  0.0187  
Age (years) 1.010  0.06827 1.017  1.005-1.028  0.0190 
Bilirubin 1.002  0.00006 1.002  1.000-1.003  0.0219 
* 95% Confidence interval 
Table 5. Univariate and multivariate survival analysis 
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4.2.4. Use of prophylactic therapy  
 
In group P, only 128/197 (65%) were treated with primary prophylactic 
therapy.  
 
The majority 41/69 (60%) of the patients who did not receive primary 
prevention had small varices and were therefore judged as having a low risk 
of bleeding, or they were lost during follow-up due to alcohol or drug abuse. 
 
During follow-up, 26/197 (13%) patients in group P had a bleeding episode; 
20/128 (16%) of the patients who received primary preventive therapy 
experienced variceal bleeding during follow-up.  
 
Four patients in group P died in the first bleeding and all had received 
primary preventive therapy, two of them pharmacological and two both 
pharmacological and endoscopic therapies.  
 
In group B, 8 of the 92 patients died in the first bleeding and 81 of the 
surviving 84 (96%) had secondary prophylactic therapy.  
 
Forty-six (55%) of these patients had a bleeding during follow-up.  
 
There was no significant difference in bleeding rate during follow-up when 
comparing different primary or secondary preventive therapies when this 
was grouped into pharmacological, endoscopic and combined therapy, or 
when comparing those with alcoholic liver disease versus other etiologies. 
 
4.3 Hepatocellular carcinoma and other malignancies 
 
4.3.1. Patients characteristics 
 
Clinical characteristics of 1019 patients with liver cirrhosis are shown in 
Table 6. 
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Table 6 
Sex (male/female)       68%/32% (696/323) 
Mean Child-Pugh score (±SD)      9.1 ± 2.5 
Mean age at diagnosis of liver cirrhosis in years (±SD)  59.5 ± 12.4 
Child-Pugh class A      19% (198/1019) 
   B      36% (367/1019) 
   C      45% (454/1019) 
Etiology:  
Alcoholic liver disease (ALD)      48% (492/1019) 
Hepatitis C (HCV)       10% (103/1019) 
ALD +HCV        12% (123/1019) 
Primary Biliary Cirrhosis        5% (45/1019) 
Hepatitis B          3% (28/1019) 
Cryptogenic        15% (157/1019) 
Other           7% (71/1019) 
Mean time of follow (months) up to end point (±SD)   39 ± 37 
Years of follow-up to death, OLT or latest clinical control*  3290 person-years 
Patients treated with liver transplantation    11% (109/1019) 
Rate of death to the latest clinical control    64% (654/1019) 
* Endpoint 27 November, 2007 OLT, orthotopic liver transplantation 

 
4.3.2. Mortality 
The frequency and cause of death, 1019 liver cirrhosis patients are shown in 
Table 7. 
Table 7 
Mortality rate         64% (654/1019) 
Primary cause of death (n = 654)      
 Liver disease (non-malignant)     53% (349/654) 
  Liver failure      37% (242/654 
  Variceal bleeding     8%   (49/654) 
  Infections      8%   (53/654) 

Cancer        22% (141/654) 
  HCC       14% (87/654) 
  Other cancers      8% (54/654)   
 Other        25% (164/654) 
Reasons for death due to causes other than cancer/chronic liver disease (n = 164) 
 GI-bleeding (other than variceal)      11% (17/164) 
 Various others       66% (109/164) 
  Heart disease        9% (14/164) 
  Alcohol dependency        7% (12/164) 
  Other diseases and accidents    50% (83/164) 
 Unknown       23% (38/164) 
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4.3.3. Overall risk of cancer 
One hundred and ninety-three cancers were identified in the cohort of the 
1019 patients. One hundred and eighty-one had one cancer and 6 patients 
had two cancers. 
The frequency of hepatocellular carcinoma was 11.2% (114/1019).   
 
The standard incidence ratio for hepatocellular carcinoma was 267 as shown 
in Table 8.   
 
Table 8.  Standard incidence ratio for first cancer after diagnosis of liver cirrhosis 
Site of cancer  Observed Expected Standard  95%  
       Incidence  Confidence 

Ratio   interval 
All sites  187  30.1  6.2   5.4-7.2 
HCC   114  0.4  267.0   220.2-320.7 
All sites excluding  
HCC   73  31.0  2.4   1.8-3.0  
Cholangiocarcinoma 4  0.3  12.6   3.4-32.3 
Esophagus  3  0.4  8.3   1.7-24.2 
Pancreas  4  0.8  5.1   1.4-13.2 
Colon-rectum  15  4.1  3.6   2.0-6.0  
Pulmonary  10  2.8  3.6   1.7-6.6  
 
Thirty-nine percent (45/114) of patients with HCC had HCV which was 
higher than in the rest of the cohort, 20% (181/905) ( p< 0.0001).   
 
Sixty-two percent (71/114) of all HCC cases were diagnosed within a year 
after the diagnosis of liver cirrhosis.   
 
The incidence rate for hepatocellular carcinoma was 3% per year.  The 
incidence rate was 1.3% per year when patients diagnosed less than one year 
after diagnosis were excluded. 
 
 
The risk for hepatocellular carcinoma is high and most of the patients are 
diagnosed shortly after the cirrhosis diagnosis after one year from diagnosis 
the risk is constant over the years.   
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Patients with hepatocellular carcinoma were significantly older at time of 
liver cirrhosis diagnosis compared with patients without cancer, 63 ± 11 vs 
59 ± 13 years, respectively (p=0.0008).  
 
Frequency of hepatocellular carcinoma was lower for patients with ALD 
compared to the rest of the cohort, 7% (34/492) and 15% (80/527) 
respectively (p<0.0001). 
Hemochromatosis, HCV and HBV had the highest frequencies of HCC 
(Table 9).  There was no difference in the duration from cirrhosis diagnosis 
to HCC diagnosis comparing for different etiologies (data not shown). 
 
Table 9. Liver cirrhosis etiology in patients developing HCC 
Etiology   Total   HCC  no HCC Percent HCC 
 ALD   492  34  458  7% 
 ALD+HCV  123  25  98  20% 

HCV   103  20  83  19% 
 PBC   45  3  42  7% 

HBV   28  7  21  26% 
 AIH   23  1  22  4% 

PSC   17  1  16  6% 
 NASH   16  1  15  6% 

Hemochromatosis 10  3  7  30% 
 Cryptogenic  157  19  138  12% 
 Others   5  0  5  0% 
 Total   1019  114  905  11%  
ALD, alcoholic liver disease; HCV, Hepatitis C virus; HBV, Hepatitis B virus; PBC, 
Primary Biliary Cirrhosis; PSC, Primary Sclerosing Cholangitis; AIH, Autoimmune 
Hepatitis; NASH, Non-Alcoholic Steato Hepatitis. 
 
The overall cancer risk excluding HCC is increased 2 times increased. 
 
The frequency of colorectal cancer was similar in patients with ALD 10 
(1.4%) and NALD 5 (1.2%) ( p=NS). 
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4.4. Small intestinal motility disturbances and bacterial overgrowth 
 
4.4.1. Conventional manometric evaluation  
In the 24 patients 10 (42%) demonstrated motor abnormalities. Four of these 
patients had portal hypertension (one of these four had SIBO), and six 
patients had liver cirrhosis without portal hypertension ( p=NS).). All of 
these alterations were neuropathic-like, and no myopathic-like manometry 
pattern was identified. A registration from one of the patients is shown in 
Fig 13. 
 

 
Figure 13. Condensed manometry recording in a patient with liver cirrhosis and portal 
hypertension, exhibiting a high number of long clusters. 
 
Three of the patients (two PH and one LC) had no phase III during the 5-h 
fasting recording as compared with two HC subjects (NS). In 30% of the PH 
patients, 55% of the LC patients, and 53% of the HC subjects an antral phase 
III was recorded (NS for all comparisons). Both patient groups and the 
control group had 0–4 phases III/5 h (PH 1.8 ± 0.4 vs LC 2.4 ± 0.4 vs HC 
1.9 ± 0.1; NS). 
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Cycle length of the MMC in the proximal duodenum was significantly 
shorter in the LC patients compared with the HC subjects (83 ± 7 vs 125 ± 
11 min; p < 0.05), but there was no significant difference between the patient 
groups (PH 117 ± 22 min vs LC vs HC; NS). Cycle length of the MMC in 
the distal duodenum was similar in all the groups (PH 120 ± 18 vs LC 85 ± 8 
vs HC 110 ± 10 min; NS). There were no significant differences in the 
duration of phase I or phase II in the distal duodenum (channel 7) when 
comparing the three different groups (data not shown). Duration of phase III 
in the proximal duodenum was significantly longer in the PH group 6.00 ± 
0.56 minutes, compared to the LC group 3.64 ± 0.34, p<0.01. In the jejunum 
it was also significantly longer in the PH 8.00 ± 0.80 minutes compared to 
both the LC group 5.27 ± 0.76 and the HC group 6.14 ± 0.32, (p<0.05). The 
duration of phase III did not differ between the patients with and without 
SIBO (data not shown). 
 
The motility index (MI) in phase III in the proximal and distal duodenum 
was higher in the PH group compared with the other groups. The migration 
velocity of phase III was similar in the groups. 
 
The PH group had a higher number of long clusters in phase II, 9.1 ±2.1 
compared with HC subjects 4.9 ± 0.8, (p<0.05). 
 
The MI in late phase II in the antrum and distal duodenum was similar in the 
three groups, but in the proximal duodenum PH patients had a significantly 
higher MI than did LC patients, and in the jejunum, LC patients had a 
significantly higher MI than did HC subjects (Fig. 14). 
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Figure 14. Motility index in late phase II (30 min). The PH group is shown with black 
bars, the LC group with grey bars, and the HC with white bars. *p < 0.05. PD = proximal 
duodenum; DD = distal duodenum; J = jejunum. 
 
Postprandially, there was a significant difference in the MI in the proximal 
and distal duodenum between the PH and HC groups, but no difference 
between the patient subgroups. In the jejunum, the MI was significantly 
higher in the patients groups compared with controls, but no difference was 
observed between the patient subgroups (Fig 15). 
 

 
Figure 15. Motility index postprandially, PH-group in black, LC-group in grey and HC-
group in white. PD is porximal duodenum, DD is distal duodenum and J is jejunum. 
*p<0.05 compared with HC, **p<0.01 compared with HC.  
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4.4.2. Evaluation with high temporospatial resolution 
The direction of propagation of individual pressure waves was analyzed for 
the last 30 min of the phase II in the proximal duodenum, and marked 
changes were observed in patients with portal hypertension compared with 
the other two groups. A significantly higher proportion of individual 
pressure waves were retrograde in the PH group compared with the HC 
group (p < 0.001) and LC group (p < 0.001) (Fig 2). 
Similar propagation patterns were observed postprandially in the proximal 
duodenum, with a higher proportion of retrograde pressure waves in the PH 
compared with the HC group (p < 0.001) and LC group (p = 0.003) (Fig 16). 

 
Figure 16. Percentage of retrograde pressure waves out of all propagated individual 
pressure waves in the duodenal segment, in late phase II and postprandially. The PH 
group is shown with black bars, the LC group with grey bars, and the HC with white bars. 
*p < 0.01 compared with LC and HC. 
 
There was no significant difference between patients with Child-Pugh score 
A or B when comparing any of the motility variables (data not shown). 
 
4.4.3. Small intestinal bacterial overgrowth 
SIBO was observed in 4 of the 12 patients in the PH group (33%) but in 
none of the 12 patients in the LC group (p = 0.09). The following bacteria 
were cultured: Citerobacter, Escherichia coli, Enterobacter, Enterococci, and 
Klebsiella; one patient had two different bacterial strains (both Klebsiella 
and Enterococci). Three of the patients had biopsy-verified atrophic gastritis, 
and one of them had SIBO. Only one patient was treated with acid 
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suppressive therapy (omeprazole), and this patient did not have SIBO. The 
only significant difference in motility parameters between patients with and 
without SIBO was the cycle length of the MMC (SIBO 156.5 ± 63.5 min vs 
without SIBO 87.8 ± 6.2 min; p < 0.05). There was no difference in the 
number of clusters or retrograde pressure waves in patients with and without 
SIBO (data not shown). 
 
4.4.4. Variceal pressure 
There was no significant difference in the variceal pressures in patients with 
different etiologies for liver disease. There was a significantly higher 
variceal pressure in patients with SIBO than without SIBO (25.5 ± 0.5 vs 
18.9 ± 1.5 mm Hg; p = 0.015). There was a negative correlation between 
variceal pressure and motility index in the proximal duodenum 
postprandially (r = −0.84; p < 0.01), but no other correlation between 
variceal pressure and motility variables were found (data not shown). 
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5. DISCUSSION 
 
5.1 Epidemiology of liver cirrhosis in Sweden and Iceland 
 
The results of the current study show a higher incidence of liver cirrhosis in 
Gothenburg, Sweden, 15.3/100.000 inhabitants compared to only 3.3 per 
100.000 inhabitants in Iceland. There was no time trend in the incidence for 
neither of the countries during the study period and the incidence in Iceland 
has decreased by 27% compared to the period 1970-1990 (22). The lower 
incidence in Iceland is predominantly explained by lower prevalence of 
alcohol and hepatitis C cirrhosis than in Sweden.  
 
The mortality from liver cirrhosis is declining in most western countries in 
concert with reduction in alcohol consumption (11). We observed a 
declining incidence of liver cirrhosis in Iceland in spite the fact that alcohol 
consumption has been increasing in the last decades. In the last 28 years the 
alcohol consumption has increased by 51% (from 4.33 L/inhabitant 15 years 
and older in 1980 to 6.52 L in 2003 (153), the increase is 27% from 1991 
5.14 L to 2003 6.52 L in Iceland (153) and the increase has continued from 
2003-2007 when it was 7.53 (15% in 4 year) but in Sweden the increase has 
only been 11% from 1991 6.3 L to 2003 7.0 L and then decreased until 2006 
when it was 6.8 L (3% decrease in 3 years) (152). Estimation of the total 
consumption indicates 17% increase from 8.80 L in 1976 to 10.31 in 2003 
and then a 5% decrease to 2007 when it was 9.83 L in 2007 (154,155). In 
Iceland estimates of the total alcohol consumption in the 70s was 4.15 L 
(156) and in the 80s it was estimated to be 6.22 L (157). Recent estimates of 
the total alcohol consumption that is the unregistered alcohol consumption in 
Iceland are not available.  
 
Comparisons with other epidemiological studies can be difficult because of 
different methods used. A few incidence studies from the Nordic countries 
have been published. A study from Denmark demonstrated an incidence of 
liver cirrhosis over the period 2001-2005 to be 26.5 in men and 11.8 in 
women, a high number compared to our results especially because they 
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included only patients with alcoholic liver cirrhosis. The alcohol 
consumption in Denmark has been stable over the past 30 year around 12 L 
per inhabitant which is also higher than in Sweden and Iceland as mentioned 
above (20). In Norway the incidence was in the period 1999-2004 13.4 per 
100.000 inhabitants and 53% was due to ALD (21). The results from 
Sweden in the current study are very similar to these figures, 50% of the 
Swedish cohort had alcoholic liver disease. The alcohol consumption is also 
similar in these countries, although somewhat lower in Norway, the average 
consumption in Norway was 5.8 L per inhabitant over the period 1999-2004 
(21). 
 
Explanations for the low incidence of liver cirrhosis in Iceland in spite of 
increase in alcohol consumption could be several. One is that the effect of 
overconsumption of alcohol on the liver for the development of cirrhosis 
takes years, it has been estimated to take 16-20 years for men and 10-17 for 
women (34). Because of these large changes in consumption in Iceland in 
the last decades and the fact that it is continuing to increase it would be 
interesting in the future to follow the alcoholic liver cirrhosis incidence in 
correlation to changes in alcohol consumption over a long period of time. A 
long follow-time would be needed taking into account the delay from 
overconsumption to development of cirrhosis. 
 
 Other explanation could be genetic factors.  It has been demonstrated that 
genetic factors can influence the predisposition to alcoholism and alcoholic 
liver fibrosis (158). Genetic studies have indicated that the majority of 
females in the Icelandic founding population had Gaelic ancestry (mostly 
from Ireland) but the majority of males had Scandinavian ancestry (159). 
Linkage studies have not demonstrated that chromosomes related to 
alcoholism in the Irish population are different from Scandinavian or 
Caucasian chromosomes (160). Genes that are related to alcohol liver 
damage and fibrosis can affect the development of liver cirrhosis (158,161), 
no information is available on the prevalence of these genes in the Swedish 
or Icelandic populations. Analysis of cirrhosis mortality in Western Europe 
has revealed that in Ireland the prevalence of liver cirrhosis is lower than 
expected from per capita alcohol consumption (162). 
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Another possible explanation for this low incidence of alcoholic cirrhosis in 
Iceland is an extensive secondary prevention of alcoholism. In 2002 there 
were 204/100.000 inhabitants inpatients beds for detoxication, rehabilitation 
and after-care (163). Alcoholics Anonymous is very strong in Iceland, in the 
1990s the number of AA meetings/week /100.000 inhabitants 15 years and 
older increased from 11 to 14, and it corresponded to the increase in alcohol 
consumption (163). In Sweden the number of AA meetings/week /10.000 
inhabitants 15 years and older is estimated to be 1.5 (164) and another self 
helping organization Länkarna held 0.3 meetings/week/15 years and older 
inhabitant (165). It can not be excluded that the more active AA in Iceland 
compared to AA and Länkarna in Sweden contribute to the difference in 
alcohol cirrhosis incidence in these countries. It has been demonstrated that 
the efficacy of AA membership and meeting attendance for the population 
prevention of consequences of alcoholism is important (166).  
 
Another explanation could be a change in alcohol consumption from heavy 
to moderate drinkers as there were radical changes in Icelandic drinking 
habits after 1989 when beer was available for the first time since 1915. The 
proportion of spirits went down in the decade after this change and has been 
low during the period of our study (167). Mortality form liver diseases has 
decreased in Sweden over the last decades (18, 168). Increased treatment for 
alcoholism may also play role here for the reduction observed in alcohol-
related harm in Sweden in recent years (169). It is interesting that in the 
study of liver cirrhosis mortality in Sweden over the period 1969-2001 the 
decrease in liver-related mortality were associated with reduction in sales of 
spirits, but there were no change in sales of beer or wine in this period (18).  
 
Iceland is a low alcohol consumption country and according to a study on 
the relationship of alcohol restrictive measures and per capita alcohol 
consumption there was a strong inverse correlation between alcohol 
consumption and restrictive measures. Iceland had the second highest 
restrictive indicator and the lowest consumption which probably contributes 
to the low incidence of alcoholic cirrhosis in Iceland in spite of increase in 
consumption in the last decades (168). A study on the drinking habits and 
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beverages consumed in correlation to liver cirrhosis development is difficult 
to do because the lack of objectivity but could give important information 
for public health and health care and restrictive measures planning. 
 
The proportion of alcoholic liver disease of the whole cohort was 50% in 
Sweden and that is similar to what was found in a Swedish study from the 
1960s where 54% of the cirrhosis were probably of alcoholic etiology (171). 
Other studies from western countries have demonstrated much higher 
proportion of alcoholic liver disease. A study from Texas from the 1980s, 
90% had ALD (87) and in a study from Stockholm in the same period, 80% 
were considered to have ALD but this was before the identification of 
hepatitis C (172). In a Spanish study 85% of the patients were thought to be 
of alcoholic etiology (173). In southern Europe the etiology is different, over 
50% of patients with liver cirrhosis the etiology is hepatitis C (174). 
 
5.2. Characteristics, prognosis and outcome of patients with esophageal 
varices. 
 
In the present study we observed that esophageal varices are more common 
in males than females (which is the case in patients with liver cirrhosis in 
general) and that the mean age at diagnosis is around 60 years which is 
slightly older than in other studies but were the males are also in majority 
(88, 175,176).  
 
When combining the etiology groups ALD and those with ALD and 
hepatitis C, 52% of the patients had ALD +/- HCV.  
 
The majority of patients that were diagnosed with varices under the study 
period had not had a bleeding episode at diagnosis and only 13% of them 
had a variceal bleeding during follow-up. It is recommended that patients 
with liver cirrhosis are screened regularly, every or every other year to find 
those in need of primary prophylactic therapy (84). In our study every 
patient underwent an endoscopy but non-invasive methods for the prediction 
of esophageal varices have been under evaluation, one of the parameters that 
have been tested are platelet count and spleen size which were promising for 
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hepatitis C cirrhosis but less useful for ALD cirrhosis (177). In a newly 
published longitudinal study on the predictive value of platelet count on the 
development of gastroesophageal varices the results indicated that platelet 
count was inadequate noninvasive marker for predicting the presence or 
development of varices in cirrhosis, although they found a decreased risk of 
varices in patients with mild portal hypertension (<10 mmHg) it can not be 
used as a surrogate marker for changes in portal pressure (178). In our study 
platelet counts were not a predicting factor for survival but we did not have 
accurate figures about the spleen size and could therefore not evaluate the 
combination of these parameters in the current study. It would be useful in 
the future if there was a reliable and less invasive method than, endoscopy to 
screen for esophageal varices in patients with cirrhosis. 
 
In the present study 65% of the patients received primary prophylactic 
therapy which is the same as observed in a French study were similar 
proportion of patient had a bleeding episode (173). After the first variceal 
bleeding the risk for rebleeding without secondary prophylactic treatment 
has been observed to be up to approximately 70% (179). In the current study 
55% of the patients had a recurrent bleeding although 96% received 
secondary prophylaxis. The results of our study indicate that it is an 
independent negative predictor of overall survival to present with a variceal 
bleeding, and also a strong risk factor for recurrent bleeding  
 
The high rebleeding risk of 55% in the current study during a 20 months of 
follow-up is higher than has been observed in RCT studies of secondary 
prevention of variceal bleeding. It has been reported to be 29% to 45% after 
follow-up of 20-25 months in patients receiving beta-blockers, sclerotherapy 
or ligation  (180-182). However, our figures were similar to those found in a 
meta-analysis of beta-blockers alone as a secondary prophylactic therapy 
where 61% had a rebleeding during a 25 months follow-up (181). In these 
RCT and meta-analysis the proportion of patients with CP-class C was lower 
than in the present study with 40% belonging to CP-class C, and in one of 
the studies the patients were also younger (182). Our results indicate that in 
practical clinical medicine the endoscopic follow-up and treatment is less 
rigorous than in randomized controlled trials. 
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In a prospective study on the prognosis of patients with acute variceal 
bleeding independent predictors of failure to control bleeding were: CP-
class, shock at admission and non-alcoholic cirrhosis (183). In the current 
study patients who presented with their first variceal bleeding, 9% died in 
the first bleeding (defined as death within one week from admission to 
hospital) and 4 of the 8 patients (50%) had ALD. The very limited number 
of patients makes it difficult to draw any firm conclusions about different 
risk in different etiologies for unfavorable outcome. But the proportion of 
9% is lower than was observed in a French study were the mortality from 
variceal bleeding 2000 was 14.5% and interestingly in this study the 
mortality in CP-class A and B was zero for the year 2000 but 32% in CP-
class C patients (89). Again our number of patients is probably too small to 
compare the mortality risk for different CP-classes. 
 
The mortality in patients who were diagnosed with varices during their first 
variceal bleeding was high, 59/92 (64%) died during follow-up and 23/92 
(25%) died from variceal bleeding during the mean follow-up of 20 months. 
Mortality from variceal bleeding has been declining in the last decades, from 
42% mortality in 1981 (87,89) to 15-20% in recent years 
(88,89,176,184,185). 
 
According to our results the mortality from variceal bleeding was low for 
this period 1994-1999 probably due to the improvements in the acute 
therapy over the last decades including endoscopic sclerotherapy, band 
ligation, frequent use of vasoactive drugs such as terlipressin, somatostatin 
and perhaps better treatment in the intensive care units. More frequent use of 
antibiotics in patients with variceal bleeding has also found to be a 
contributing factor of a better outcome (89) but we did not systematically 
study use of antibiotics in the current study. However, the current standard 
of care is use of antibiotic in association with variceal bleeding.   
 
It is interesting that the mortality for patients with liver cirrhosis and 
esophageal varices is still very high. According to the scheme suggested by 
the International Consensus Workshop of Baveno IV the yearly mortality 
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risk for group B would be 57% (stage 4) and for group P 3.4% - 20% (stage 
2 and 3) (55, 56). In the present study the mortality was 64% for group B 
and 49% for group P and the mean follow-up time 20 and 25 months 
respectively. The difference was not as much as would be expected 
according to the Baveno IV scheme although belonging to group B was one 
of the negative predictors for survival in the multivariate analysis. In our 
study the mean CP-score of 8.9 was exactly the same for group B and P and 
therefore the proportion of patients in each CP-class very similar and that 
was observed to be one of the independent predictors of survival in the 
multivariate analysis. 
 
It seems that the risk of death is very high once a patient with liver cirrhosis 
has been diagnosed with esophageal varices. Although the risk of dying 
from variceal bleeding is much higher for those that have survived a 
bleeding episode, the risk of dying from liver failure, infections, 
hepatocellular carcinoma and other malignancies is still very high both for 
group B and P patients.  
 
5.3. Liver cirrhosis and cancer risk 
 
We assessed the risk of HCC and other cancers in patients with liver 
cirrhosis of different etiologies. We used a retrospective/prospective 
approach. The patients were identified retrospectively but then followed 
prospectively. The strength of the study is the quality of the Swedish cancer 
registry to which the patients data were linked to. It has been evaluated that 
the registry is almost complete (144,145). 
 
As expected we observed an increased risk of HCC in patients with liver 
cirrhosis, the frequency was 11% under the mean follow-up of 39 months. It 
is interesting that in a prospective Spanish study on HCC in decompensated 
liver cirrhosis the follow-up was also 39 months and the frequency was also 
11% (186). 
 
Most of the patients (62%) were diagnosed within a year from the cirrhosis 
diagnosis. Probably these patients have had compensated liver cirrhosis for a 
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long time although it is unclear, we only identified patients with the 
diagnosis in the hospital files. The annual incidence was 6% for patients 
with hepatitis C cirrhosis and in the rest of the cohort the incidence was 
2.7% per year. This high incidence in HCV-induced cirrhosis was although 
lower than have been observed in a study where the incidence rate was 9% 
per year for hepatitis C cirrhosis (187). In another study on HCV cirrhosis 
the incidence was only 3.5 per year (188). The cumulative risk of HCC over 
3 years has been reported to be approximately 10.4 for HCV cirrhosis (189).  
 
Hepatocellular cancer was significantly more common in patients with HCV 
compared to other etiologies and that is in agreement with other studies 
(186,190). There was even a lower risk for patients with ALD than the rest 
of the cohort to develop HCC similar to that observed in some other studies 
(186,187,190). Although in a Danish study there was no risk difference for 
HCC development when comparing different etiologies for liver cirrhosis, 
but they lacked information about hepatitis status (140).  
 
Conflicting results exist concerning the influence of the combination of 
alcoholic and hepatitis C liver cirrhosis on the development of HCC (187, 
191-193). We did no observe any difference in the incidence of HCC in 
patients with HCV with or without alcohol overconsumptions (20% and 
19% respectively) and that is in agreement with some other studies 
(186,193). These results suggest a direct role of the virus as a carcinogenic 
agent in HCC development and when a patients already has this very strong 
risk factor the impact of alcohol overconsumption does not seem to increase 
the risk.  
 
In the present study development of HCC in cirrhosis of other etiologies was 
30% for hemochromatosis, 26% in patients with HBV in 20 % with HCV 
and only in 7% of patients with ALD. There are limited data on HCC in 
cirrhosis of other etiologies but a high risk has been observed for 
hemochromatosis and HCV and a lower risk for ALD (186,190).  
 
Patients with HCC were significantly older at the time of diagnosis than the 
rest of the cohort which is in line with previous studies (133, 194, 195). 
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Our results indicate that the overall risk of other malignancies than HCC in 
patients with liver cirrhosis was 2-3 times higher than that in the general 
Swedish population. We observed a 13 times increased risk for 
cholangiocarcinoma and 4-5 times the risk for pancreatic and pulmonary 
cancers and 3.6 times increased risk for colorectal cancer (CRC). This is 
somewhat higher risk than was reported in a Danish study although they 
observed increased risk in patients with cirrhosis for all of the above 
mentioned cancer types (141).  
 
We found no difference in the risk for CRC when comparing patients with 
ALD vs NALD cirrhosis and that is in agreement with a French study where 
colonic adenomas were more prevalent in patients with cirrhosis than in 
those without after controlling for alcoholism (143). Other studies have 
indicated an increased risk of CRC and high intake of alcohol (196,197) but 
other increased risk of rectal cancer but not of colon cancer in association 
with high alcohol intake (198).  
 
Studies on the benefit of preventive care in patients with liver cirrhosis have 
concentrated on liver related complications (199). Our results indicate that it 
is important to think of malignancies in other organs than the liver when a 
patient is newly diagnosed with liver cirrhosis.  
 
The bases for this increased risk of extrahepatic malignancies in patients 
with liver cirrhosis is unclear but hypotheses about the reasons for colorectal 
cancer include differences in the bile acid metabolism, genetic predisposition 
or immunological disturbances (142). It is also possible that a malignancy 
that has not yet been diagnosed could have such an impact on the body 
immunology or homeostasis that it could in some way lead to an earlier 
presentation of the complications of cirrhosis than would be otherwise. 
 
It would be interesting to prospectively study patients with liver cirrhosis 
and collect data about the risk factor for different types of malignancies 
unfortunately we lacked these data in the current study because information 



 58

about these factors such as smoking and other environmental factors were 
often missing in the medical records. 
 
An interesting meta-analysis was published recently and the investigators 
wanted to answer the question whether a lifestyle modification in the form 
of reduction in coffee consumption could change the course of liver cirrhosis 
by influencing the risk of HCC development. According to this meta-
analysis results an increased coffee consumption may reduce the risk of liver 
cancer (200). Further prospective studies to evaluate the optimal dose and 
comparisons of risk reduction for different preparation of the beans and the 
brewing method before any concrete   recommendations can be done, but the 
question has been raised: “Does a latte a day keep the hepatologist away”? 
(201).  
 
5.4 Small intestinal motility disturbances and bacterial overgrowth. 
 
Patients with cirrhosis and portal hypertension were found to have abnormal 
propagation pattern of duodenal individual pressure waves.  They had higher 
frequency of retrograde pressure waves in the proximal duodenum both in 
phase II of the MMC and postprandially both in comparison with patients 
with liver cirrhosis without clinical signs of portal hypertension and with 
healthy subjects.  A higher number of long clusters were observed in patients 
with portal hypertension than in healthy controls. 
 
The increased retroperistalsis both in phase II and postprandially could be a 
restricting factor for the aboral flow of contents in the small intestine as it 
has been shown that the motility and flow of contents are closely related in 
the small intestine (202). These motility abnormalities might influence the 
flow of contents and cause gastrointestinal symptoms.   
 
Patients with liver cirrhosis often suffer from malnutrition and they have 
high frequency of gastrointestinal symptoms and that it is correlated to 
recent weight loss (90). Patients with encephalopathy have prolonged 
orocecal transit in comparison with patients with advanced liver disease 
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without encephalopathy (97), the increased retroperistalsis might therefore 
increase the risk of encephalopathy in these patients.  
 
Studies have shown contradictory results concerning the importance of 
portal hypertension on small intestinal motility disturbances. Portal 
hypertension in animal model has been shown to change intestinal 
myoelectrical activity without influencing intestinal propulsion (203).  Other 
animal models have demonstrated delayed orocecal transit in portal 
hypertension (98) and in human no changes in small intestinal transit in 
patients with portal hypertension (204). Another study showed delayed small 
intestinal transit in males but no changes in females in comparison to healthy 
controls (99). 
 
The higher number of long clusters in the portal hypertension group 
compared to healthy controls is in agreement with results from previous 
studies on patients with cirrhosis (102-104). A correlation between the 
severity of the liver disease and clusters in the small intestine has been 
demonstrated (103) but we found no difference in the number of long 
clusters comparing patients with CP-A and CP-B. Both that and the high 
difference of the retrograde pressure waves comparing patients with liver 
cirrhosis with and without portal hypertension indicates that the portal 
hypertension per se plays an important role in these motility disturbances.  
 
Increased severity of gastrointestinal symptoms in patients with liver 
cirrhosis has been shown to be associated to impaired health related quality 
of live (90) and that cluster activity could be a nonspecific response to stress 
(205). Thus, it could be of interest to investigate further the relationship of 
motility disturbances, gastrointestinal symptoms and quality of live in 
patients with liver cirrhosis and portal hypertension. 
 
There was a higher prevalence of SIBO in the patients with portal 
hypertension, 33% of those patients had SIBO whereas none of the patients 
with liver cirrhosis without portal hypertension.  
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In previous studies on SIBO in patients with liver cirrhosis breath test has 
been used for the diagnosis of SIBO. In some of them SIBO has been 
demonstrated (100,101,105) but another study did not demonstrate SIBO in 
patients with liver cirrhosis and portal hypertension (206).  
 
The sensitivity of glucose hydrogen breath test has been shown to be only 
62% and the specificity 83% (207). Glucose breath hydrogen test was shown 
to correlate poorly with microbiological culture of jejunal secretions in 
patients with liver cirrhosis (208). Thus, the method used in the current 
study to diagnose SIBO was based on cultures which can be considered the 
gold standard in the diagnosis of SIBO.  
 
The patients with SIBO had higher variceal pressure than those without 
SIBO which could indicate that portal hypertension directly and/or by 
causing motility disturbances have a significant role in causing SIBO in 
these patients. The patients with SIBO had increased cycle length of MMC, 
theoretically it could predispose to SIBO. Other motility variables were 
similar in patients with and without SIBO.  
A study with a higher power is needed to evaluate further this relationship of 
liver cirrhosis and portal hypertension and SIBO. Although we observed an 
indication for the increased risk of SIBO in patients with liver cirrhosis and 
portal hypertension (33%) compared to those without portal hypertension 
where none of the patients had SIBO it was not a significant difference. 
Further studies are needed to evaluate the importance of SIBO for the 
prognosis of patients with liver cirrhosis and portal hypertension. The strong 
relationship between retrograde pressure waves and portal hypertension 
should also be investigated further to explore the role of portal hypertension 
per se on the motility disturbances, probably most accurately by studying 
intestinal motility before and after transjugular intrahepatic portosystemic 
shunt. 
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6. CONCLUSIONS 
 
♦ The incidence of liver cirrhosis is still very low in Iceland, and only 

24% of that in Gothenburg. Alcoholic liver cirrhosis is uncommon in 
Iceland. ALD accounts for only 29%-32% of the cases in Iceland but 
50%-62% of those in the Swedish population. No trends for increase 
in the incidence of cirrhosis were observed in neither of these 
countries despite increase in alcohol consumption during the study 
period. 

 
 
♦ ALD accounts for 50% of cases of liver cirrhosis and esophageal 

varices in Gothenburg, Sweden. In these patients the mortality is high 
but etiology does not seem to influence mortality. Majority of patients 
dies of other complications than variceal bleeding. Most of the 
patients received primary and secondary prophylactic therapy of 
proven efficacy. 

 
 
♦ The risk of HCC is 267 times increased in patients with liver cirrhosis 

and the overall risk for other cancers is 2.4 times increased, of those 
the highest for cholangiocarcinoma but also for esophageal, 
pancreatic, pulmonary and colorectal cancer. There is an increased 
risk for HCC in patients with HCV but it is not increased further by 
excessive alcohol consumption. 

 
 
♦ Patients with portal hypertension have abnormal propagation pattern 

of individual pressure waves, with a high proportion of the pressure 
waves propagating in a retrograde direction. This pattern was only 
found in those with portal hypertension but not those with cirrhosis 
without portal hypertension. This might indicate that portal 
hypertension per se is related to small bowel abnormalities observed 
in patients with liver cirrhosis. 
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