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Abstract

Alcohol consumption is a major health problem worldwide, causing approximately 5% of all
deaths per year. High-risk alcohol consumption causes acute and chronic disorders that are often
treated in intensive care units (ICUs). The magnitude of alcohol-related health problems amongst
critically ill patients has not yet been well studied.

The aim of this thesis was to examine the role of high-risk alcohol consumption in critical
illness. It includes four retrospective studies conducted in the Oulu University Hospital district.
The study populations comprised the following: I) 899 non-trauma patients admitted to the ICU
in 2014; II) 8379 subjects born in 1966 participating in the Northern Finland Birth Cohort study;
III) 250 patients with liver cirrhosis or other liver disease admitted to the ICU in 2017; and IV)
290 sudden cardiac death (SCD) victims with alcoholic cardiomyopathy (ACM).

One-third of the ICU-admitted patients had alcohol-related health problems. Alcohol
consumption did not affect the ICU treatment profile, but one-year mortality was lower in patients
with alcohol-related health problems due to less severe admission causes and comorbidities. This
difference subsided when patients with intoxication as the ICU admission cause were excluded.
Alcohol consumption 11 g/day at the age of 31 years was associated with a later need for ICU
admission. The ICU-admitted patients with high alcohol consumption more often had alcohol-
related admission causes (25.0%) compared with those without high alcohol consumption. Nearly
40% of the ICU-admitted patients with liver disease died during the one-year follow-up period.
Alcohol consumption did not affect long-term mortality, but the patients with alcoholic liver
cirrhosis died more often due to liver disease (56.8%), whereas the patients without high-risk
alcohol consumption died more often due to malignancies (55.9%). Amongst the SCD victims
with ACM, only 22.1% of the victims were diagnosed with cardiac disease prior to death, despite
documented high-risk alcohol consumption (98.6%). The rate of clinical diagnosis among SCD
victims was higher in high-income areas compared with low- and middle-income areas, and most
victims were in the working population (57.0%).

In conclusion, high-risk alcohol consumption increases the need for intensive care, and the
prevalence of patients with alcohol-related health problems amongst the ICU population is
substantial. The long-term mortality of patients with alcoholic liver cirrhosis after intensive care
is high, and most patients die due to liver disease. Most ACM remains undiagnosed, demonstrating
the lack of screening for alcohol-related diseases. The health care system’s focus should be aimed
at preventing alcohol-related disorders to decrease alcohol-related morbidity, ICU resource
utilization and mortality in the working-age population.

Keywords: alcohol consumption, alcoholic cardiomyopathy, causes of death, intensive
care, liver disease, mortality, sudden cardiac death





Hietanen, Siiri, Alkoholin väärinkäyttö kriittisesti sairailla potilailla. 
Oulun yliopiston tutkijakoulu; Oulun yliopisto, Lääketieteellinen tiedekunta; Oulun
yliopistollinen sairaala
Acta Univ. Oul. D 1622, 2021
Oulun yliopisto, PL 8000, 90014 Oulun yliopisto

Tiivistelmä

Alkoholin käyttö on merkittävä maailmanlaajuinen terveysongelma aiheuttaen noin 5 % kaikis-
ta kuolemantapauksista vuosittain. Alkoholin käyttö aiheuttaa akuutteja ja kroonisia sairauksia,
joita usein hoidetaan teho-osastoilla. Alkoholiperäisten terveysongelmien laajuutta kriittisesti
sairailla potilailla ei ole tutkittu kattavasti.

Väitöskirjan tarkoitus oli tutkia alkoholin käytön merkitystä kriittisissä sairauksissa. Väitös-
kirja koostuu neljästä osatyöstä, jotka on toteutettu Oulun yliopistollisen sairaalaan alueella. Tut-
kimusjoukkoon kuuluvat; I) 899 teho-osastolla muun syyn kuin vamman vuoksi vuonna 2014
hoidettua potilasta, II) 8379 vuonna 1963 syntynyttä Pohjois-Suomen syntymäkohorttiin osallis-
tunutta tutkittavaa, III) 250 teho-osastolla vuonna 2017 hoidettua potilasta, joilla on todettu
maksakirroosi tai muu maksasairaus, IV) 290 alkoholiperäisen sydänsairauden vuoksi äkkikuol-
lutta potilasta.

Kolmasosalla tehohoitopotilaista todettiin alkoholin riskikulutusta. Alkoholilla ei ollut vaiku-
tusta tehohoidon erityispiirteisiin, mutta vuoden seurannassa alkoholia käyttävien potilaiden
kuolleisuus oli matalampi johtuen lievemmistä tehohoidon syistä ja perussairauksista. Kuollei-
suusero väistyi, kun myrkytyksien vuoksi tehohoitoon joutuneet potilaat poistettiin analyysistä.
31-vuotiaiden alkoholin kulutus 11 g/vrk oli yhteydessä myöhempään tehohoidon tarpeeseen.
Korkean alkoholinkulutuksen potilaat joutuivat tehohoitoon useammin alkoholiperäisistä syistä
(25.0 %) verrattuna vähemmän alkoholia käyttäviin. Lähes 40 % tehohoidetuista maksasairaus-
potilaista menehtyi vuoden seurannassa. Alkoholin kulutus ei vaikuttanut kuolleisuuteen, mutta
alkoholikirroosipotilaat menehtyivät useammin maksasairauteen (56,8 %) ja potilaat ilman alko-
holin riskikulutusta menehtyivät useammin pahanlaatuisiin kasvaimiin (55,9 %). Alkoholiperäi-
sen sydänsairauden vuoksi äkkikuolleista potilaista vain 22,1 %:lla sydänsairaus oli diagnosoitu
elinaikana, huolimatta kirjatusta alkoholin riskikulutuksesta (98,6 %). Tiedossa olleen sydänsai-
rauden osuus äkkikuoleman uhreilla oli suurempi korkeatuloisilla alueilla verrattuna keski- ja
matalatuloisiin, ja näistä potilaista useimmat kuuluivat työssäkäyvään väestöön (57,0 %).

Alkoholin riskikulutus altistaa tehohoidon tarpeelle ja alkoholin riskikuluttajien osuus teho-
hoitoväestössä on merkittävä. Alkoholikirroosipotilailla on korkea kuolleisuus tehohoidon jäl-
keen ja useimmat menehtyvät maksasairauteen. Valtaosa alkoholiperäisestä sydänsairaudesta jää
diagnosoimatta osoittaen puutteet alkoholiperäisten sairauksien seulonnassa. Terveydenhuollon
tulisi panostaa alkoholisairauksien ehkäisyyn, jotta alkoholiperäistä sairastavuutta, tehohoitore-
surssien kulutusta ja työikäisen väestön kuolleisuutta voitaisiin vähentää.

Asiasanat: alkoholikardiomyopatia, alkoholin kulutus, kuolemansyy, kuolleisuus,
maksasairaudet, sydänperäinen äkkikuolema, tehohoito
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1 Introduction 

Alcohol consumption is regarded as one of the major health problems worldwide. 

According to the World Health Organization (WHO), 2.3 billion people consume 

alcohol and 283 million people suffer from alcohol-use disorders (e.g., harmful use 

of alcohol, alcohol dependence, and alcohol-attributable diseases). The average 

alcohol per capita consumption in the worldwide population over 15 years of age 

was 6.4 liters in 2016, and the highest levels of consumption were observed in 

Europe. Furthermore, approximately one-quarter of worldwide alcohol 

consumption is unrecorded. Currently, more than a quarter of adolescents 

worldwide are high-risk consumers of alcohol, which suggests that alcohol 

consumption will continue to be a global problem (World Health Organization 

[WHO], 2018). 

Alcohol consumption has been associated with over 60 different acute and 

chronic diseases (WHO, 2018). In 2016, alcohol consumption caused 3 million 

deaths worldwide, which is over 5% of all deaths per year. High-risk alcohol 

consumption contributes to injuries, digestive diseases, cardiovascular diseases, 

infections, cancers, and mental health problems. Even though the highest average 

alcohol consumption is observed in countries with a high standard of living, the 

highest alcohol-related health burden is found in low-income communities (GBD 

2016 Alcohol Collaborators, 2018; WHO, 2018). Worldwide, high-risk alcohol 

consumption and alcohol-attributable health loss are more frequent among the male 

population compared with females (GBD 2016 Alcohol Collaborators, 2018). 

In 2018, the total alcohol consumption per capita in the population over 15 

years of age was 10.4 liters in Finland. Total alcohol consumption has been 

declining since 2007, but in 2018 consumption increased by 0.4% compared with 

the previous year (Finnish Institute for Health and Welfare [THL], 2020). The 

consumption of strong beverages has been declining since the 1980s being replaced 

by mild beverages and wine (THL, 2019). 

According to estimates, there are 500 000 high-risk consumers of alcohol in 

Finland. In 2016, 28% of the Finnish adult population were high-risk consumers of 

alcohol according to Alcohol Use Disorders Identification Test (AUDIT) scores 

(Lintonen & Mäkelä, 2018). The prevalence of high-risk alcohol consumption in 

the population utilizing health care resources has been estimated to be 10% of 

female patients and 20% of male patients (Halme et al., 2008). Among Finnish 

occupational health care patients, the prevalence of high-risk alcohol consumption 

has been reported to be 9% in female patients and 24% in male patients (Kaarne, 
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Aalto, Kuokkanen, & Seppä, 2010). The highest levels of alcohol consumption in 

the male population were detected in the 30–49-year age group, whereas the lowest 

levels were seen in the 15–19-year-old age group. In the female population, the 

highest consumption has been detected in the age group of 20–29 years and the 

lowest in the age group of 30–49 years (Mäkelä, 2018). The trend of heavy episodic 

drinking has been declining in recent years, especially in the younger population 

under 30 years old. However, drinking habits in the 50–69-year-old population have 

not improved significantly, and most alcohol-related harm is observed in this 

population (Mäkelä, 2018). 

Alcohol has a major role in Finnish culture, and the impact of high-risk alcohol 

consumption is significant in the health care system, in society, and, most 

importantly, at the individual level. High-risk alcohol consumption contributes to 

severe acute and chronic diseases requiring hospitalization and even treatment in 

an intensive care setting. The aim of this thesis was to examine the role of high-risk 

alcohol consumption in acute and critical illnesses in different organs, such as the 

liver and heart. 
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2 Review of the literature 

2.1 Impact of alcohol consumption on the health care system 

In Finland, acute and chronic alcohol-related disorders caused over 22 000 

hospitalizations with a total of 111 514 inpatient care days in 2018. The most 

common hospitalization causes were alcohol intoxication, psycho-organic 

syndromes, alcohol dependence, liver diseases, and pancreatic diseases (THL, 

2020). In addition, there were almost 46 000 visits to specialized outpatient care 

due to alcohol-related disorders in 2018 (THL, 2020). The number of 

hospitalizations has been declining in recent years, whereas the number of 

outpatient visits has increased. The total costs of treatment of alcohol-related 

disorders were 100 million euros in 2016, a decline of 13.4 % compared with 2014 

(THL, 2020). However, alcohol-related disorders cause significant disability and 

impairment of quality of life, especially in the population aged 15–49 years (GBD 

2016 Alcohol Collaborators, 2018). The cost of disability pensions and sickness 

allowances in Finland was 218 million euros in 2016 (THL, 2020). 

Alcohol intoxication contributes challenges for health care professionals, 

especially in emergency care. According to a Finnish study, 43% of patients with 

critical status encountered by physician-staffed mobile intensive care units (ICUs) 

gave positive alcohol breath test results (Kauppila, Virta, Lindgren, Virkkunen, & 

Kamarainen, 2016). Moreover, a recent cohort study demonstrated that 1% of 

emergency department (ED) patients with an initial diagnosis of alcohol 

intoxication alone also had an underlying critical illness requiring treatment in the 

intensive care unit (ICU) (Klein et al., 2018). Alcohol intoxication causes 

difficulties and uncertainties in patients’ clinical assessment and therefore often 

results in large-scale examinations with substantial resource utilization. In head 

trauma patients with a low state of consciousness who therefore require imaging 

studies, the head computed tomography (CT) finding was normal three times more 

often in the intoxicated patients’ group compared with the non-intoxicated group 

(Shahin, Gopinath, & Robertson, 2010). 

2.2 Recognition of high-risk alcohol consumption 

In Finland, high-risk consumption of alcohol is determined as over 12–16 standard 

units per week in females and over 23–24 standard units per week in males (Current 
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Care Guidelines, 2015). One unit is regarded as 12 g of pure alcohol, which 

corresponds, for instance, to 0.33 L of medium-strength beer, 12 cL of wine or 4 cL 

of liquor. The limit value for high-risk alcohol consumption in one go, as in heavy 

episodic drinking or binge drinking, has been regarded as over 60 g of pure alcohol 

on one occasion. Alcohol intake over 6 g/kg in adults is fatal, and a blood alcohol 

concentration (BAC) over 3.5‰ is considered to be severe intoxication or alcohol 

poisoning (WHO, 2018; Vonghia et al., 2008). 

High-risk alcohol consumption is often coupled with the presence of physical, 

mental, or socioeconomic problems (Härkönen, Savonen, Virtala, & Mäkelä, 2017). 

The definition of harmful use of alcohol includes physical or mental problems, such 

as injuries, nausea, withdrawal symptoms, high blood pressure, arrhythmias, 

anxiety, depression, and socioeconomic issues. The definition of alcohol 

dependence includes the overpowering desire to consume alcohol, taking higher 

priority than other behaviors and resulting in physical and psychological 

withdrawal syndromes (Current Care Guidelines, 2015). Alcohol-related or 

alcohol-attributable diseases are generally considered when long-term high-risk 

alcohol consumption has led to organ damage, such as alcoholic liver cirrhosis, 

recurrent or chronic alcoholic pancreatitis, alcoholic cardiomyopathy, or 

neurological deficits. 

Several screening questionnaires have been developed to help quantify alcohol 

consumption and evaluate alcohol-related harm (Allen, Litten, Fertig, & Babor, 

1997; Bush, Shaw, Cleary, Delbanco, & Aronson, 1987; Dhalla & Kopec, 2007; 

McMurran & Hollin, 1989; Reinert & Allen, 2002). However, patients are inclined 

to underestimate their own alcohol consumption, especially when they have not 

developed a clear dependence on alcohol (Buchsbaum, Welsh, Buchanan, & 

Elswick, 1995; Midanik, 1988). Thus, structured screening questionnaires each 

have their own shortcomings, and diagnostics should therefore not rely solely on 

them but be based on a comprehensive interview, a clinical examination, and 

relevant laboratory markers. Some of the most utilized screening methods are 

presented in Table 1. 
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Table 1. Screening methods indicating high-risk alcohol consumption1 

Screening tool Interpretation Sensitivity, specificity 

Alcohol Use Disorder Identification 

Test (AUDIT) 

≥ 6 points in women 

≥ 8 points in men 

Sensitivity 81–90%, specificity 

~80%, lower sensitivity among 

women and elderly 

AUDIT-C (abbreviated version of 

AUDIT) 

≥ 5 points in women 

≥ 6 points in men 

Sensitivity 81–97%, specificity 

~80% 

CAGE questionnaire (Cut–

Annoyed–Guilty–Eye-opener) 

≥ 2 positive answers out of 4 

question 

Sensitivity 53–77%, specificity ≥ 

80% 

   

𝛾 glutamyl transferase (𝛾GT) > 35 U/l Sensitivity and specificity ~60% 

in men, ~50% in women 

Normalizes in 2–3 weeks after 

abstinence 

Carbohydrate-deficient transferrin 

(CDT) 

≥ 20 G/l or > 2.6% Sensitivity 30–75%, specificity 

90% 

Phosphatidylethanol (PEth) > 0.30 𝜇mol indicates high alcohol 

consumption (> 60 g/vrk) 

Sensitivity 94–100%, specificity 

~100% 

Aspartate aminotransferase (AST) 

and alanine aminotransferase (ALT) 

Elevation over reference values 

AST to ALT ratio > 2 suggests 

alcoholic hepatitis 

Sensitivity 25–45%, specificity 

90% 

Mean corpuscular volume (MCV) ≥ 100 f/l Sensitivity 48–90%, specificity 

high especially in men 

Blood alcohol concentration (BAC) ≥ 3.0‰ in any situation 

≥ 1.5‰ without clinical signs of 

intoxication (tolerance) 

 

1Modified according to Current Care Guidelines (2015) and Schuckit (2009). 

2.3 Biochemical background of alcohol-related disorders 

2.3.1 Metabolism of ethanol 

The main organ responsible for the metabolism of ethanol is the liver. In addition, 

approximately 2–10% of ingested ethanol is excreted through the lungs, urine, and 

sweat (Schuckit, 2009). The liver can decrease the ethanol concentration by 4–5 
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mmol/L per hour, which corresponds to approximately one standard unit per hour. 

The main enzyme responsible for the oxidative metabolism of ethanol is alcohol 

dehydrogenase (ADH), mainly located in the hepatocytes, but also found in the 

gastrointestinal tract, the lungs, and the kidneys (Le Daré, Lagente, & Gicquel, 

2019). ADH converts ethanol to acetaldehyde, which causes nausea, headache, 

vasodilatation, and dysphagia. Acetaldehyde is often rapidly metabolized to acetate 

by aldehyde dehydrogenase (ALDH) enzyme-releasing reactive oxygen species 

(ROS) in the process (Le Daré et al., 2019; Schuckit, 2009). Acetate is further 

metabolized to end products, including carbon dioxide, fatty acids, ketones, 

cholesterol, and steroids. 

Another pathway for the metabolism of ethanol is the microsomal cytochrome 

P450 (CYP) pathway, which corresponds to approximately 10% of the total 

metabolism of ethanol (Le Daré et al., 2019). The main factor, CYP2E1, oxidatively 

converts ethanol to acetaldehyde and further to acetate in the endoplasmic 

reticulum of hepatocytes (Le Daré et al., 2019). At the same time, the oxidative 

metabolism releases ROS, which are a key factor in the toxic effects of alcohol. 

Non-oxidative metabolism pathways include catalase enzyme in the liver and the 

brain, producing fatty acid ethanol esters and ethanol glucuronidation to ethyl 

glucuronide or ethanol sulfation to ethyl sulfate (Le Daré et al., 2019). 

Genetic polymorphism of ADH and especially ALDH enzymes may influence 

alcohol intake and susceptibility to alcohol-related diseases, such as alcohol 

dependence and liver cirrhosis. Chronic alcohol consumption increases its own 

metabolism by preserving CYP2E1 and thus leading to the development of 

tolerance. Chronic alcohol consumption also decreases the amount of ALDH in 

hepatocytes, increasing the concentration of acetaldehyde, which is the main factor 

causing cellular injury in various organ systems (Le Daré et al., 2019). 

2.3.2 Acute effects of ethanol 

The main target of the acute effects of ethanol is the central nervous system. Ethanol 

binds to the gamma-aminobutyric acid (GABA)-A receptor, which is a common 

binding site for various drugs (Schuckit, 2009). GABA functions as an inhibitory 

neurotransmitter in the central nervous system, and the agonist binding of ethanol 

to the GABA-A receptor causes central depression. In addition, ethanol acts as an 

antagonist to the N-methyl-D-aspartate (NMDA) receptor, which is one of the 

receptors for the excitatory neurotransmitter glutamate. Binding to the NMDA and 

other glutamate receptors enhances the depressive effects in the central nervous 
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system (Schuckit, 2009). Furthermore, ethanol binds to glycine, nicotinic, and 

serotonin receptors. Ingestion of ethanol also releases dopamine and opioid 

peptides, which contribute to the development of psychological dependence 

(Schuckit, 2009). 

Central nervous depression is observed as muscle relaxation, somnolence, and 

intoxicated behavior with impaired impulse control, attention, and coordination. 

Central nervous depression predisposes to injuries and violent behavior in some 

individuals. The metabolites of ethanol may cause nausea and headache, and the 

imbalance of neurotransmitters may lead to amnesia, anxiety, sleep disorders, and 

withdrawal symptoms (Schuckit, 2009). 

 

Fig. 1. Overview of acute effects of ethanol in various organ systems modified 

according to Schuckit et al. (2009), Le Daré et al. (2019), Rocco, Compare, Angrisani, 

Sanduzzi Zamparelli, and Nardone (2014), and  (Piano, 2017). BP, blood pressure; GABA, 

gamma-aminobutyric acid; GERD, gastroesophageal reflux disease; GI, gastrointestinal; 

ROS, reactive oxygen species. 

2.3.3 Chronic effects of ethanol 

Long-term exposure to high ethanol concentration causes cellular damage by toxic 

mechanisms in several organ systems. Some consequences are reversible if ethanol 

consumption ceases, whereas continuing ethanol intake leads to permanent 
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alterations in cell structure and function. The main mediators of the toxic effects of 

ethanol are acetaldehyde and ROS released in the process of ethanol metabolism. 

Acetaldehyde binds to various proteins, altering their structure and function. 

Disruption of normal function in enzymes responsible for DNA repair leads to 

carcinogenic effects. In addition, acetaldehyde affects lipogenesis and angiogenesis 

and activates a proinflammatory response (Le Daré, 2019). 

ROS cause peroxidation, oxidative stress, and apoptosis in various tissues, for 

instance in myocytes, hepatocytes, pancreatic acinar cells, and neurons (Le Daré et 

al., 2019; Rocco, Compare, Angrisani, Sanduzzi Zamparelli, & Nardone, 2014). 

ROS trigger a proinflammatory response from both the innate and the adaptive 

immune systems resulting in, for instance, myocardial inflammation, hepatitis, and 

pancreatitis. Furthermore, fatty acid ethanol esters directly contribute to lipid 

accumulation in hepatocytes and trigger acinar cell injury in the pancreas (Rocco 

et al., 2014). Ethanol itself damages gastric and intestinal mucosa and inhibits 

thiamin (vitamin B1) absorption (Rocco et al., 2014). 

The main consequences of long-term exposure to ethanol in various organ 

systems are summarized in Figure 2. In addition, high-risk alcohol consumption 

has been associated with osteoporosis, reproductive challenges, and disruption of 

normal hematopoiesis (Le Daré, 2019; Schuckit, 2009). 

2.4 Acute disorders related to high-risk alcohol consumption 

2.4.1 Alcohol poisoning 

Alcohol poisoning is defined as a BAC of over 3.5‰ (WHO, 2018). Alcohol 

poisoning can be fatal, especially without treatment, and deaths related to acute 

alcohol poisoning usually occur at a BAC higher than 5‰ (Vonghia et al., 2008). 

In 2018 in Finland, 255 accidental alcohol poisonings resulted in death (THL, 

2020). Alcohol poisoning rates are especially high in Eastern European countries 

(WHO, 2018). 

Symptoms of alcohol poisoning include disorientation, a lowered state of 

consciousness, slurred speech, lack of coordination, and impaired attention 

(Vonghia et al., 2008). A low state of consciousness or coma is generally associated 

with respiratory depression. Other disturbances in organ functions include 

hypotension, arrhythmias, low blood glucose, electrolyte imbalance (hypokalemia, 

hypomagnesemia, and hypocalcemia), lactic acidosis, and other acid-base balance 
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disturbances (Vonghia et al., 2008). The treatment of severe alcohol intoxication 

constitutes supporting basic organ functions such as hemodynamics and ventilation, 

prevention of aspiration, and correction of electrolyte, glucose, and acid-base 

balance disturbances. Especially low states of consciousness coupled with 

hypoventilation and increased aspiration risk require supportive measures, close 

monitoring, and, in some cases, mechanical ventilation. Alcohol poisoning often 

requires observation in hospital settings and sometimes even in ICUs. However, 

even patients requiring ICU admission have favorable outcomes, with ICU 

mortality of only 1.2% and one-year mortality of 4.4% (Brandenburg, Brinkman, 

de Keizer, Meulenbelt, & de Lange, 2014). 

 

Fig. 2. Overview of chronic effects of ethanol in various organ systems modified 

according to Schuckit et al. (2009), Le Daré et al. (2019), Rocco et al. (2014), and Piano 

(2017). DNA, deoxyribonucleic acid; ECM, extracellular matrix; GERD, 

gastroesophageal reflux disease; GI, gastrointestinal; LPS, lipopolysaccharide; ROS, 

reactive oxygen species. 

2.4.2 Alcohol withdrawal syndrome 

Alcohol withdrawal syndrome is characterized by long-term heavy alcohol 

consumption and sudden cessation of alcohol intake, resulting in an imbalance of 

inhibitory and excitatory neurotransmitters (Awissi, Lebrun, Coursin, Riker, & 
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Skrobik, 2013; Kosten & O'Connor, 2003; Yavarovich, Bintvihok, McCarty, Breeze, 

& LaCamera, 2019). The patient is often agitated and restless with signs of 

autonomic hyperactivity accompanied by tachycardia, sweating, tremor, and 

nausea. If the condition remains untreated, the disturbance in GABA-transmitted 

central nervous excitation leads to epileptic seizures (Kosten & O'Connor, 2003). 

Alcohol withdrawal syndrome is generally treated with GABA agonists, such as 

benzodiazepines and sedatives, including dexmedetomidine and haloperidol 

(Awissi et al., 2013; Kosten & O'Connor, 2003; Mayo-Smith et al., 2004; 

Yavarovich et al., 2019). 

Alcohol withdrawal syndrome is a common phenomenon in patients with high-

risk alcohol consumption. The prevalence of alcohol withdrawal syndrome varies 

between 9% and 60% in critically ill patients (Awissi et al., 2013; Yavarovich et al., 

2019). The most significant risk factor for withdrawal syndrome is a prior episode 

of alcohol withdrawal syndrome and continuing high-risk alcohol consumption 

despite alcohol-related diseases (Kosten & O'Connor, 2003; Yavarovich et al., 

2019). The detection of alcohol withdrawal syndrome may be challenging due to a 

wide variation of symptoms, with differential diagnoses for instance of acute 

psychiatric disorders, postoperative-, general disease-, or pain-related delirium, and 

epilepsy. Several screening tools have been designed to identify alcohol-dependent 

patients at risk for developing withdrawal syndrome, including the CAGE (Cut–

Annoyed–Guilty–Eye-opener) questionnaire (Ewing, 1984) and the Short 

Michigan Alcohol Screening test (Ewing, 1984; Selzer, Vinokur, & van Rooijen, 

1975). The symptoms and severity of alcohol withdrawal syndrome can be assessed 

with the Clinical Institute Withdrawal Assessment for Alcohol Scale (CIWA-Ar) 

(Sullivan, Sykora, Schneiderman, Naranjo, & Sellers, 1989), the Brief Alcohol 

Withdrawal Scale (BAWS) (Rastegar et al., 2017), and the Sedation-Agitation 

Scale (Riker, Picard, & Fraser, 1999). A CIWA-Ar score of over 20 indicates severe 

withdrawal syndrome and the need for sedation. 

Alcohol withdrawal syndrome has been associated with complicated treatment 

periods. The requirement for sedation often results in respiratory depression and 

the need for mechanical ventilation. Patients undergoing prolonged mechanical 

ventilation have a higher risk of developing pneumonia or urinary tract infections 

(Awissi et al., 2013). Critically ill patients with alcohol withdrawal syndrome also 

develop sepsis and septic shock more frequently (Awissi et al., 2013; O'Brien et al., 

2007). Due to invasive treatment and evolving complications, both the hospital and 

the ICU lengths of stay (LOS) have been found to be longer in this patient group, 

representing a substantial burden on critical care resources (Awissi et al., 2013). In 
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addition, patients treated in the ICU due to alcohol withdrawal syndrome are often 

encountered repeatedly in emergency units with alcohol-related complications 

(Awissi et al., 2013). The mortality rate of untreated alcohol withdrawal syndrome 

has been reported to be 15%, compared with 2% in patients receiving optimal 

treatment (Dixit et al., 2016). 

2.4.3 Acute alcoholic hepatitis 

Alcoholic hepatitis often develops in livers with existing steatosis or fibrosis 

(Molina, Gardner, Souza-Smith, & Whitaker, 2014). The pathophysiology is 

characterized by activation of the innate and adaptive immune systems, leading to 

production of proinflammatory cytokines, infiltration of inflammatory cells, and 

hepatic cell injury (Gao & Bataller, 2011). However, the complete mechanism of 

alcoholic hepatitis remains unresolved (Molina et al., 2014). The severity of the 

disease can vary widely, from mild hepatic injury to severe, life-threatening hepatic 

insufficiency. Approximately 10–35% of hospitalized alcoholic patients are 

suspected to suffer from alcoholic hepatitis (O'Shea, Dasarathy, McCullough, 

Practice Guideline Committee of the American Association for the Study of Liver 

Diseases, & Practice Parameters Committee of the American College of 

Gastroenterology, 2010). 

The diagnosis is based on a history of significant alcohol intake, together with 

clinical findings that include symptoms and laboratory abnormalities indicating 

acute liver damage. However, there is no specific laboratory marker indicating 

alcoholic hepatitis, and interpretation of laboratory abnormalities may be 

challenging, especially in patients with existing chronic liver disease (O'Shea et al., 

2010). Imaging studies are used mainly to rule out other causes of liver damage. 

The treatment protocol for alcoholic hepatitis is founded on cessation of alcohol 

intake, nutritional and organ supportive treatment, and use of corticosteroids or 

anti-inflammatory agents (Gao & Bataller, 2011; O'Shea et al., 2010). Nevertheless, 

in severe alcoholic hepatitis, one-month mortality rates rise as high as 30–50%. 

Survivors are at high risk of recidivism, especially if they continue to consume over 

40 g of alcohol per day (O'Shea et al., 2010). Chronic hepatitis, fibrosis, and 

eventually liver cirrhosis develop in 50% of these patients, regardless of the 

severity of the acute hepatitis (O'Shea et al., 2010). 
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2.4.4 Acute alcoholic pancreatitis 

Excessive alcohol intake and gallstones are the two most common causes of acute 

pancreatitis, and they are the most common gastrointestinal cause for 

hospitalization in Western countries (Lankisch, Apte, & Banks, 2015; Roberts et al., 

2017). In Finland, the incidence of acute pancreatitis has doubled in recent decades, 

and the rate of hospitalization seems to vary according to average alcohol 

consumption (Karjula et al., 2019; Sand, Välikoski, & Nordback, 2009). Excessive 

alcohol consumption is the predominant etiology, especially in Eastern Europe but 

also in Finland (Roberts et al., 2017). Alcoholic etiology has been linked with 

severe forms of the disease, such as organ failure and pancreatic necrosis, which 

have prolonged treatment periods and higher mortality (Easler et al., 2016). Alcohol 

and its metabolites cause direct toxic damage to pancreatic cells, alter the content 

of digestive enzymes in acinar cells, and cause blockages in small ducts, leading to 

obstruction of pancreatic secretion. Autodigestive processes injure the pancreatic 

cells further and trigger an inflammatory response (Lankisch et al., 2015). 

The diagnosis of alcoholic pancreatitis is based on the presence of acute onset 

abdominal pain, elevated concentrations of serum lipase or amylase, and 

characteristic findings of pancreatitis with a CT scan or ultrasonography (Lankisch 

et al., 2015). The alcoholic etiology is confirmed based on a history of excessive 

alcohol intake and the exclusion of other etiological factors, such as gallstones and 

other mechanical obstructions. The treatment protocol includes fluid resuscitation, 

analgesia, nutritional support, and management of local complications, such as 

antibiotic therapy or surgical resection of pancreatic necrosis (Lankisch et al., 2015). 

Patients with persistent inflammatory response, multiorgan failure, or severe 

complications should be monitored and treated in the ICU. According to a Finnish 

study, half of the patients with severe pancreatitis required treatment in the ICU, 

and 36.5% suffered from multiple organ failure (Halonen et al., 2003). 

Short-term mortality in uncomplicated cases has been reported to be only 5–

7%, whereas in patients with organ failure or pancreatic necrosis, mortality rises to 

25–30% (Easler et al., 2016; Halonen et al., 2003; Lankisch et al., 2015). In addition, 

approximately half of the patients develop recurrent pancreatitis and have a risk of 

progression to chronic pancreatitis when alcohol consumption continues (Lankisch 

et al., 2015; Nordback et al., 2009; Pelli, Sand, Laippala, & Nordback, 2000). Risk 

factors for recurrent pancreatitis include young age and mild severity of the disease 

in the first episode (Pelli et al., 2000). A recent Finnish study reported long-term 

mortality to be 30.6% in ten-year follow-up after hospitalization due to acute 
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alcoholic pancreatitis, four times higher than in the control population (Karjula et 

al., 2019). However, Halonen et al. reported no significant difference in the quality 

of life compared with the general population after hospitalization due to acute 

pancreatitis, whereas chronic pancreatitis has been associated with impaired quality 

of life (Halonen et al., 2003; Parhiala, Sand, & Laukkarinen, 2020). 

2.4.5 Alcohol intoxication and trauma 

Occasional high-risk alcohol consumption and alcohol intoxication have been 

found to increase the risk of accidents (Corrao, Bagnardi, Zambon, & Arico, 1999; 

Rehm et al., 2009; Rehm et al., 2017). Even a BAC of 0.3–1‰ causes impairment 

of vision, motor skills and control, balance, and reaction time, together with 

increased risk-taking predisposing to falls, traffic accidents, and minor injuries. In 

addition, alcohol intoxication increases aggressive and violent behavior in some 

individuals, leading to physical abuse and suicide (Corrao et al., 1999; Rehm et al., 

2009; Rehm et al., 2017). Alcohol is a major factor in fatal injuries, contributing to 

41% of high-energy trauma, 48% of low-energy trauma, 37% of suicides, and 50% 

of assaults, according to a study conducted in Northern Finland (Raatiniemi et al., 

2016). A national alcohol survey conducted in the USA found that even one hour 

of exposure to elevated BAC over 0.5% or even one drink per month resulted in 

increased rates of trauma. The risk was especially pronounced in males aged 18–

29 years (Cherpitel, Ye, & Kerr, 2018). 

Alcohol intoxication increases the risk of head trauma in particular. Shahin et 

al. (2010) found that alcohol-intoxicated patients with traumatic brain injury had a 

significantly lower prehospital state of consciousness measured with the Glasgow 

Coma Scale (GCS) compared with non-intoxicated patients, and their GCS levels 

improved significantly during the first treatment day, when alcohol concentration 

was declining. The patients with alcohol intoxication and thus a lower GCS score 

required more invasive monitoring with intracranial pressure measurement and 

often mechanical ventilation (Shahin et al., 2010). Moreover, overall outcomes 

were better in the intoxicated patients, highlighting the confounding effect of 

alcohol intoxication on initial diagnostics and treatment. This finding is supported 

by Talving et al. (2010), who reported no difference in traumatic brain injury 

severity, major complications, hospital LOS, or ICU LOS between patients with 

and without high blood alcohol concentrations. In addition, the study in question 

found lower mortality in the high BAC group. 
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2.5 Chronic disorders of high-risk alcohol consumption 

2.5.1 Alcoholic liver cirrhosis 

Liver cirrhosis is the end stage of every chronic liver disease. Cirrhosis is 

characterized by fibrotization of liver tissue, leading to advancing impairment of 

liver function and alterations in hemodynamic circumstances in the hepatic venous 

system. Alcoholic liver cirrhosis constitutes almost half of all cirrhosis globally, 

and long-term high-risk alcohol consumption is the most significant cause of liver 

cirrhosis (Baki & Tapper, 2019; D'Amico, Garcia-Tsao, & Pagliaro, 2006; Rehm & 

Shield, 2019). Other etiologies include viral hepatitis, non-alcoholic fatty liver 

disease, especially in obese people, and, less frequently, autoimmune hepatitis, 

primary biliary cirrhosis, primary sclerosing cholangitis, and hemochromatosis 

(Baki & Tapper, 2019). The true prevalence of alcoholic liver cirrhosis in the 

general population is difficult to define because the disease often remains 

asymptomatic until its advanced stages. Liver cirrhosis causes approximately 170 

000 deaths in Europe annually, and the incidence of deaths is rising by 10% each 

year (Ascione, Fontanella, Imparato, Rinaldi, & De Luca, 2017; Baki & Tapper, 

2019). In 2010, Western Europe’s highest age-standardized death rate from liver 

cirrhosis of 18.2/105 inhabitants/year was recorded in Finland (Ascione et al., 2017). 

Pathophysiological mechanisms 

Alcoholic liver cirrhosis is the end stage of alcoholic liver disease, with a 

continuum from hepatosteatosis to steatohepatitis and further cirrhosis. Most 

individuals with high-risk alcohol consumption develop hepatosteatosis; 10–35% 

advance to steatohepatitis, and < 20% advance to cirrhosis (Molina et al., 2014). 

According to estimates, alcohol intake of over 60–80 g per day in males and over 

20 g per day in females for 10 years leads to a significantly increased risk of 

developing liver cirrhosis (Molina et al., 2014; Tsochatzis, Bosch, & Burroughs, 

2014). Extensive ethanol intake causes alterations in lipid metabolism and 

mitochondrial dysfunction, leading to accumulation of cholesterol, phospholipids, 

triglycerides, and free fatty acids in hepatic cells. When alcohol intake continues, 

lipotoxicity induces an inflammatory response, causing steatohepatitis. In addition, 

acetaldehyde impairs mitochondrial function, inducing oxidative injury in 

hepatocytes. Progression of these modifications and cumulative cell damage 
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eventually lead to accumulation of the extracellular matrix and disruption of hepatic 

tissue structures presenting as cirrhosis (Molina et al., 2014; Tsochatzis et al., 2014). 

It has not been possible to determine from present research data clear 

thresholds for alcohol consumption when the development of liver cirrhosis begins. 

The pathophysiological process is often affected by other factors, including genetic 

factors, dietary factors, and exposure to other toxic substances causing liver injury. 

Known risk factors for developing alcoholic liver cirrhosis include obesity, 

malnutrition, and smoking (Gao & Bataller, 2011). According to Askgaard. 

Gronbaek, Kjaer, Tjonneland, and Tolstrup (2015) daily alcohol consumption was 

associated with a more than threefold risk of liver cirrhosis compared with alcohol 

consumption 2–4 times per week. In addition, the risk for liver cirrhosis was more 

pronounced in females and in individuals over 40 years of age compared with the 

younger population. 

Clinical manifestations 

Liver cirrhosis is often asymptomatic until the first decompensating event occurs 

(Tsochatzis et al., 2014). The development of portal hypertension as a result of 

increased hepatic resistance due to fibrotization is generally considered a triggering 

event for recurrent decompensation (Baki & Tapper, 2019; Tsochatzis et al., 

2014). Patients with isolated portal hypertension have a higher risk of common 

decompensating events, such as ascites, upper gastrointestinal hemorrhage, and 

hepatic encephalopathy (HE) (Baki & Tapper, 2019; de Franchis, 2005). Acute 

decompensation constitutes a major burden for health care due to repeated patient 

visits; 25% of patients are readmitted within 30 days after hospital discharge (Baki 

& Tapper, 2019). In addition, patients’ quality of life is often impaired by fatigue, 

sexual dysfunction, muscle cramps, pruritus, and increased risk of injuries (Baki & 

Tapper, 2019). 

Portal hypertension leads to the development of esophageal varices, which are 

associated with a worse prognosis, a need for liver transplantation, and the 

development of hepatocellular carcinoma, even without bleeding events (Baki & 

Tapper, 2019). Variceal bleeding is one of the most common clinical manifestations 

and can be the first symptom of advanced liver disease. It is managed with 

pharmacological therapy, endoscopic ligation procedures, and control of acute 

bleeding events, often in the ICU (de Franchis, 2005). Acute bleeding events are 

often relatively well manageable, and variceal bleeding has been regarded as 

having a better prognosis compared with other decompensating events (Austin & 
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Shawcross, 2008; Cholongitas et al., 2006; Weil et al., 2017). However, variceal 

bleeding is one of the most common causes of ICU admission and comprises 

approximately 10% of the causes of death of patients with liver cirrhosis 

(Cholongitas et al., 2006; Gildea et al., 2004; Levesque et al., 2012; Majumdar et 

al., 2017). 

The most common decompensating event in liver cirrhosis is the accumulation 

of ascites in the peritoneal cavity (Baki & Tapper, 2019). Portal hypertension is a 

major factor in the development of ascites and decreasing liver function with 

sodium and water retention, and impaired protein synthesis contributes to the 

process. Patients with alcoholic liver cirrhosis are more prone to the accumulation 

of ascites compared with patients with non-alcoholic cirrhosis (Wiegand et al., 

2012). Ascites causes discomfort, impaired physical functioning, and dyspnea for 

the patient and requires fluid drainage procedures often recurrently (Baki & Tapper, 

2019; Tsochatzis et al., 2014). In addition, it is frequently associated with 

spontaneous bacterial peritonitis as a result of impaired bowel motility and 

increased intestinal permeability, as well as hepatorenal syndrome as a result of 

renal vasoconstriction (Tsochatzis et al., 2014). Recurrent ascites is a significant 

burden on health care and is associated with one-year mortality of 20% (Baki & 

Tapper, 2019; Tsochatzis et al., 2014). 

The most difficult decompensating event is HE characterized by cognitive 

impairment, such as confusion, agitation, disorientation, drowsiness, and 

eventually coma. Encephalopathy develops as a result of impaired liver function 

and failure to metabolize toxic agents, mainly ammonia (NH3), which accumulate 

and cross the blood–brain barrier, causing cerebral dysfunction (Elwir & Rahimi, 

2017). Ammonia and its metabolite glutamine cause swelling of astrocytes, 

oxidative damage, and production of neurosteroids. Approximately 30–45% of 

patients with liver cirrhosis develop HE, and the probability increases after one year 

of disease progression (Baki & Tapper, 2019; Elwir & Rahimi, 2017). HE is treated 

mainly by dietary alterations together with lactulose and rifaximin to reduce 

intestinal bacterial colonization and the production of ammonia (Elwir & Rahimi, 

2017; Tsochatzis et al., 2014). In addition, prevention of triggering events, such as 

dehydration, constipation, use of sedatives, infections, and gastrointestinal bleeding, 

is recommended (Tsochatzis et al., 2014). HE is generally transient but can also 

recur, with the associated one-year mortality ranging between 42% and 64% (Baki 

& Tapper, 2019; Tsochatzis et al., 2014). 
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Disease management 

The only curative treatment option for liver cirrhosis is liver transplantation 

(Tsochatzis et al., 2014). However, in several countries, active alcohol consumption 

is a contraindication for liver transplantation in alcoholic liver cirrhosis patients, 

and 6–12 months’ abstinence is usually an essential prerequisite for transplantation. 

Since high-risk alcohol consumption is the most common cause of liver cirrhosis 

in Western countries, a considerable proportion of patients have been considered 

unfit for transplantation (Marroni et al., 2018). 

The cessation of alcohol intake is the cornerstone of treatment and the only 

factor that improves prognosis in alcoholic liver cirrhosis (Tsochatzis et al., 2014). 

Correspondingly, treatment is also focused on the etiological factors in non-

alcoholic liver cirrhosis: antiviral treatment in patients with viral hepatitis, 

immunosuppression in autoimmune diseases, chelators in hemochromatosis, and 

prevention and management of decompensating events (Nadim et al., 2016; 

Tsochatzis et al., 2014). 

The decompensating events of liver cirrhosis often require treatment and organ 

support in ICUs. Previous research has focused on the admission criteria for 

patients with liver cirrhosis, aiming to avoid futile treatment from both an 

individual and a societal perspective. According to the findings, liver function is 

not the only or the foremost determinant of ICU outcome (Cholongitas et al., 2006; 

Das et al., 2010; Kavli, Strom, Carlsson, Dahler-Eriksen, & Toft, 2012; Levesque 

et al., 2012). Considering the admission causes, variceal bleeding has been 

regarded as a relatively easily managed complication with relatively low short-term 

mortality rates and therefore worthwhile to treat (Austin & Shawcross, 2008; Weil 

et al., 2017). Infections and especially septic shock have been associated with poor 

prognosis in this patient group (Levesque et al., 2012; Weil et al., 2017). The 

development of organ failure prior to or during the ICU period predicts mortality 

most of all (Austin & Shawcross, 2008; Cholongitas et al., 2006; Engelmann et al., 

2018; Juneja et al., 2009; Kavli et al., 2012; Mackle, Swann, & Cook, 2006). The 

need for renal replacement therapy (RRT), mechanical ventilation, and vasopressor 

therapy has been linked to higher ICU or short-term mortality rates, and multiorgan 

failure with three or more organ failures has been considered futile to treat (Austin 

& Shawcross, 2008; Cholongitas et al., 2006; Das et al., 2010; Engelmann et al., 

2018; Kavli et al., 2012; Mackle et al., 2006). At the same time, some studies have 

reported no difference in mortality rates compared with other ICU populations and 

have suggested that the admissions criteria for patients with liver cirrhosis should 
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not differ from general criteria (Majumdar et al., 2017; Meersseman et al., 2018). 

Several researchers have struggled to develop scoring systems to help exclude 

patients with liver cirrhosis who do not benefit from ICU treatment, but a universal 

consensus has not yet been reached, and further research is required to allocate ICU 

resources accordingly (Engelmann et al., 2018; Jalan et al., 2014; Lindvig et al., 

2015). 

Prognosis 

In general, liver cirrhosis has been regarded as a terminal disease with short life 

expectancy. The one-year mortality of liver cirrhosis varies from 1% to 67%, 

depending on the stage of disease and the rate of decompensating events (D'Amico 

et al., 2006; Deleuran, Vilstrup, & Jepsen, 2016; Tsochatzis et al., 2014). However, 

some studies have demonstrated an improved prognosis for liver cirrhosis (Ascione 

et al., 2017; Deleuran et al., 2016; Majumdar et al., 2017; O'Brien, A. J., Welch, 

Singer, & Harrison, 2012). For instance, a Danish study reported a declining 

mortality hazard ratio of 0.84 at the beginning of the 2010s compared with the 

1990s (Deleuran et al., 2016). Correspondingly, Majumdar et al. (2017) found that 

hospital mortality decreased from 44% to 29% in the previous two decades among 

critically ill patients with liver cirrhosis. Nevertheless, prognosis is the worst 

among patients requiring ICU admission, with hospital mortality ranging from 44% 

to 71% (Cholongitas et al., 2006; Das et al., 2010; Gildea et al., 2004; Levesque et 

al., 2012; Mackle et al., 2006; Warren et al., 2017; Weil et al., 2017). Even those 

patients who survive to be discharged have a one-year mortality rate of 56–82% 

(Gildea et al., 2004; Kavli et al., 2012; Mackle et al., 2006; Warren et al., 2017). 

The severity of liver cirrhosis can be assessed by Child-Pugh scoring (Table 2) 

to classes A, B, and C with corresponding estimated 1–5-year survival rates of 95%, 

75%, and 50% (Child & Turcotte, 1964). Another method for cirrhosis mortality 

assessment used especially in transplantation patients is the Model for End-Stage 

Liver Disease (MELD) score, which is calculated by a mathematical formula 

including variables of the bilirubin level, INR, and the creatinine level (Kamath et 

al., 2001). The novel MELD-Na score adds sodium level to the equation (Kim et 

al., 2008). 
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Table 2. Child-Pugh score for severity of liver cirrhosis according to Child & Turcotte 

(1964) 

Variables 1 point 2 points 3 points 

Albumin (g/dL) > 3.5  2.8–3.5 < 2.8 

Bilirubin (mg/dL) < 2 2–3 > 3 

INR < 1.7 1.7–2.3 > 2.3 

Ascites None Grades 1–2 Grades 3–4 

Encephalopathy Absent Slight Moderate 

INR, international normalized ratio. 

5–6 points class A, 7–9 points class B, and 10–15 points class C. 

A recent meta-analysis found no difference in prognosis between alcoholic and 

non-alcoholic cirrhosis, and another found no impact of alcohol consumption on 

prognosis (Warren et al., 2017; Weil et al., 2017). Other studies have reported 

conflicting results, suggesting that alcohol consumption might be a significant 

prognostic factor in both cirrhotic and non-cirrhotic liver disease (Lone, Lee, & 

Walsh, 2019; Santos, Mattos, Guimarães, Boger, & Coral, 2018; Younossi et al., 

2019). Thus, the role of alcohol consumption in the prognosis of liver cirrhosis 

remains unclear, and further knowledge on this matter is still needed. 

2.5.2 Alcoholic cardiomyopathy 

Alcoholic cardiomyopathy (ACM) is a form of dilated cardiomyopathy 

characterized by dilation of the left ventricle and loss of cardiac function, leading 

to heart failure (Guzzo-Merello, Cobo-Marcos, Gallego-Delgado, & Garcia-Pavia, 

2014; McKenna, Maron, & Thiene, 2017; Mirijello et al., 2017). In Western 

countries, long-term high-risk alcohol consumption is the leading cause of non-

ischemic dilated cardiomyopathy (Fauchier et al., 2000; Guzzo-Merello et al., 2014; 

Prazak, Pfisterer, Osswald, Buser, & Burkart, 1996). Since other causes of heart 

failure, such as hypertension and ischemic diseases, are less common in the 

younger population, the clinical significance of ACM is more pronounced in this 

population (Guzzo-Merello et al., 2014; McKenna et al., 2017). 

The true prevalence of ACM in the general population is not well established. 

The prevalence has been estimated as ranging from 23% to 47% among dilated 

cardiomyopathy patients and from 21% to 32% among alcohol addiction unit 

patients (Guzzo-Merello et al., 2014; Mirijello et al., 2017). There seems to be no 

significant difference in the prevalence between genders; however, the 

development of ACM in women has been found in lower doses and duration of 
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alcohol consumption compared with men (Fernández-Solà et al., 1997; Kupari & 

Koskinen, 1993; Mirijello et al., 2017). The threshold of alcohol consumption for 

ACM has been debated for years, but most studies hold to the cut-off point of 80 

g/day for a minimum of five years. However, some studies have shown that ACM 

also develops in moderate consumers of alcohol and have suggested regular intake 

limits of 10–20 g/day (Kupari & Koskinen, 1993; Urbano-Marquez et al., 1989). 

In addition, genetic factors and non-genetic factors, such as exposure to other 

cardiotoxic agents and nutrient deficiencies, might have an effect on susceptibility 

to developing ACM. 

Pathophysiological mechanisms 

ACM was first described by Bollinger in the late 19th century in a young sudden 

death population, in which the autopsy results revealed dilatation of the left 

ventricle and cardiac muscle hypertrophy (Bollinger, 1884). The cellular 

mechanisms have been studied since, but consensus on these mechanisms is still 

lacking. However, several studies have found that typical alterations associated 

with high-risk alcohol consumption are dysfunctions in intracellular structures, loss 

of myocytes by apoptosis and necrosis, hypertrophy of the remaining myocytes, 

disturbances in lipid-energy metabolism, and accumulation of lipids and fibrosis 

(Guzzo-Merello et al., 2014; Hintz et al., 2003; Mirijello et al., 2017; Steiner & 

Lang, 2017; Vikhert, Tsiplenkova, & Cherpachenko, 1986). Chronic ethanol 

exposure causes disturbances in calcium homeostasis and protein synthesis, leading 

to the impairment of cardiac cell contractility (Mirijello et al., 2017; Regan et al., 

1969; Steiner & Lang, 2017). In addition, myocardial inflammation and raised 

serum troponin levels can be detected as acute responses to high-level ethanol 

intake (Mirijello et al., 2017; Steiner & Lang, 2017). 

Clinical manifestations 

The diagnosis of ACM is based on clinical findings indicating heart failure, 

exclusion of other etiological causes of heart failure, such as coronary artery disease, 

hypertension, and valve diseases, and a history of high-risk alcohol consumption 

(Elliott et al., 2008; Mirijello et al., 2017). Cellular damage and diastolic 

dysfunction can be detected as left ventricle dilatation and posterior wall thickening 

in echocardiography (Guzzo-Merello et al., 2014; Lazarevic et al., 2000). 

Alterations in intracellular structures, increased fibrosis, and decreased cardiac 
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contractility result in impaired left ventricle relaxation, which has been described 

as the first manifestation of ACM (Lazarevic et al., 2000; Mirijello et al., 2017; 

Regan et al., 1969). Elevated end-diastolic pressure and increased preload coupled 

with impaired left ventricular contractility gradually affect systolic function, and 

diastolic failure is often accompanied by reduced ejection fraction in time (Guzzo-

Merello et al., 2014; Kupari & Koskinen, 1993; Steiner & Lang, 2017; Urbano-

Marquez et al., 1989). The severity and progression of diastolic and systolic 

dysfunction have been suggested as associated with the amount of alcohol intake, 

which is supported by studies finding no systolic impairment in patients with low 

alcohol consumption or significant improvement of cardiac function after cessation 

of excessive alcohol intake (Kupari & Koskinen, 1993; La Vecchia et al., 1996; 

Lazarevic et al., 2000; Mirijello et al., 2017; Regan et al., 1969; Steiner & Lang, 

2017). 

Cardiac fibrosis, among other cellular alterations, constitutes a potential 

substrate for malignant ventricular arrhythmias predisposing to sudden death. 

Vikhert et al. (1986) discovered that 16.9% of sudden death victims had underlying 

ACM with no indications of coronary artery disease, and 93% of these suffered an 

instantaneous death within 30 minutes of symptom onset. According to Guzzo-

Merello, Dominguez et al. (2015), malignant ventricular arrhythmias are more 

frequent in patients with ACM than in patients with idiopathic dilated 

cardiomyopathy. Risk factors for malignant ventricular arrhythmias in patients with 

dilated cardiomyopathy are prolonged QRS duration, left bundle branch block, and 

alcoholic etiology. In addition, alcohol consumption is known to increase the risk 

for atrial tachyarrhythmias, which can trigger ventricular arrhythmias (Jabbari et 

al., 2015). 

A significant proportion of patients with ACM may remain asymptomatic, and 

the first clinical manifestation of the disease may be sudden death (Vikhert et al., 

1986). Symptoms of ACM include the general symptoms of heart failure, such as 

shortness of breath in exercise and at rest, peripheral swelling, fatigue, and impaired 

physical performance (Elliott et al., 2008; McKenna et al., 2017). Arrhythmias 

associated with ACM may be recognized as palpitations or syncope episodes. In 

particular, acute alcohol intoxication or alcohol withdrawal episodes are potent 

arrhythmogenic substrates. According to a prior Finnish study, 38% of sudden 

cardiac death victims had evidence of alcohol intake before the event (Perkiömäki 

et al., 2016) In some patients, ACM may also manifest as angina pectoris-like chest 

pain (Vikhert et al., 1986). 
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Treatment guidelines 

The most effective treatment of ACM is the reduction of alcohol consumption and 

preferably total abstinence (Guillo et al., 1997; Guzzo-Merello, Segovia et al., 2015; 

La Vecchia et al., 1996; Mirijello et al., 2017; Ponikowski et al., 2016). The point 

at which cellular damage and alterations in cardiac function become irreversible is 

not known; however, several studies concur that cessation of alcohol intake 

decelerates the development of heart failure (Guzzo-Merello et al., 2015; La 

Vecchia et al., 1996; Regan et al., 1969). According to some studies, in the earlier 

stage, left ventricular systolic dysfunction might even be reversed by total 

abstinence (Guillo et al., 1997; La Vecchia et al., 1996). 

ACM is treated in accordance with general heart failure guidelines 

(Ponikowski et al., 2016). Medical treatment includes ACE inhibitors or 

angiotensin II receptor blockers, betablockers, and aldosterone inhibitors. Due to 

the increased risk of malignant ventricular arrhythmias in patients with ACM, 

implantation of an implantable cardioverter defibrillator (ICD) pacemaker is 

recommended to be considered in cases with symptomatic heart failure and left 

ventricle ejection fraction  35% (Priori et al., 2015). However, primary prevention 

with ICD has not been proven to be more effective than optimal medical treatment 

in terms of mortality (Mirijello et al., 2017). 

Prognosis 

ACM has been reported to have caused nearly 26 000 deaths globally, constituting 

6.3% of all deaths from cardiomyopathy in 2015 (Manthey, Probst, Rylett, & Rehm, 

2018). The incidence of death due to ACM is reported to be more pronounced in 

men and in Eastern Europe, with the latter comprising 80% of all ACM-related 

deaths globally (Manthey et al., 2018). However, under-reporting or 

misclassification has been detected in nearly every second country with death 

registries, suggesting that ACM is an underdiagnosed condition (Manthey et al., 

2018). 

According to studies focusing on ACM, long-term mortality has been reported 

to vary from 14% to 28% in 4–5-year follow-up (Fang et al., 2018; Fauchier et al., 

2000; Guzzo-Merello et al., 2015; Prazak et al., 1996). Before the advent of current 

treatment practices, Urbano-Márquez et al. (1989) reported a mortality rate as high 

as 50% (Urbano-Marquez et al., 1989). The clinical factors associated with 

increased risk for mortality have been discovered to be long QRS duration 
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predisposing to malignant arrhythmias and desynchronization, presence of atrial 

fibrillation, low systolic blood pressure indicating advanced heart failure, existence 

of symptoms, lack of betablocker therapy, and continuation of alcohol consumption 

(Fang et al., 2018; Fauchier et al., 2000; Guillo et al., 1997; Guzzo-Merello et al., 

2015; Prazak et al., 1996). In addition, Ram et al. (2018) reported that the most 

common causes of hospitalization in ACM patients were acute heart failure and 

atrial fibrillation. At the point where patients become symptomatic, the mortality 

risk is already significantly increased (Fang et al., 2018). 

The prognosis and transplant-free survival of ACM have been suggested as 

better compared with idiopathic dilated cardiomyopathy (Guzzo-Merello et al., 

2015; Prazak et al., 1996). However, Manthey et al. (2018) demonstrated the lack 

of adequate diagnostics of ACM in several countries globally. To date, knowledge 

on the prevalence of ACM in the general population is scarce, and few data exist 

on the fulfillment of optimal treatment for this patient group. 

2.6 Alcohol-related disorders in intensive care 

Alcohol-related disorders in intensive care have been a study interest since the 

1980s (Marik & Mohedin, 1996; Taylor, Kilbane, Passmore, & Davies, 1986). 

Already at that time, high-risk alcohol consumption caused complications that were 

treated in ICUs, and the burden of alcohol-related health problems was regarded as 

significant (Marik & Mohedin, 1996; Taylor et al., 1986). In studies conducted in 

the 21st century, the proportion of patients with high-risk alcohol consumption and 

alcohol-related disorders in intensive care has varied widely, from 7% to 39% 

(Lynch, Pugh, Battle, & Welsh Intensive Care Society Audit and Research Group 

(WICSARG), 2017; McPeake et al., 2015; Stewart, Kinsella, McPeake, Quasim, & 

Puxty, 2019). The differences between the reported numbers result from different 

definitions of alcohol-related disorders, which can extend to all patients with high-

risk consumption or be limited only to patients fulfilling strict criteria for alcohol 

dependence. Moreover, these studies used different screening methods for high-

risk alcohol consumption, with some utilizing structured questionnaires and others 

relying on previous alcohol-related diagnoses or patients’ own reports. Despite the 

large-scale variation, all these studies agreed on the significance of alcohol-related 

disorders in the ICU setting and emphasized the need for preventive measures. 

Even though knowledge about alcohol-related disorders has been growing in 

recent years, further research is needed on the effects of high-risk alcohol 

consumption on the treatment profile and long-term prognosis of patients after ICU 
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discharge. Despite the magnitude of alcohol-related health problems in Finland, 

only one prior Finnish study has been published, by Uusaro, Parviainen, Tenhunen, 

and Ruokonen (2005), which reported the prevalence and characteristics of 

alcohol-related disorders in intensive care. In addition, the correlation between 

high-risk alcohol consumption and the need for intensive care remains unconfirmed. 

2.6.1 Causes of intensive care unit admissions 

Several studies have addressed the causes resulting in the need for intensive care in 

patients with alcohol-related disorders. The most common causes have been 

reported to be liver failure, gastrointestinal problems, neurological disorders, 

trauma, and intoxication (Christensen et al., 2012; Geary, O'Brien, Ramsay, Cook, 

& Scottish Intensive Care Trainees' Audit Share Group, 2012; Koskela, A. et al., 

2018; McKenny, O'Beirne, Fagan, & O'Connell, 2010; Uusaro, Parviainen, 

Tenhunen, & Ruokonen, 2005). According to Mostafa and Murthy (2002), 70.8% 

of all trauma treated in ICU was alcohol-associated. In comparison, the most often 

treated conditions in the ICU among non-alcoholic patients are malignancies, 

cardiovascular diseases, and respiratory failures (Christensen et al., 2012; Uusaro 

et al., 2005). 

Acute-on-chronic liver failure 

Acute liver failure may evolve as a result of heavy drinking causing alcoholic 

hepatitis, but more often patients are admitted to the ICU due to acute 

decompensation of chronic liver disease (McKenny et al., 2010; O'Brien et al., 

2012). Liver cirrhosis is frequent in patients with high-risk alcohol consumption, 

with the prevalence varying from 22% to 51.7% in the ICU-admitted population 

(Christensen et al., 2012; Geary et al., 2012; McKenny et al., 2010). However, end-

stage liver cirrhosis is often challenging to manage, even in the ICU setting, and 

the point at which intensive care is considered futile has been debated over the years 

(Kavli et al., 2012; Lindvig et al., 2015; Warren et al., 2017; Weil et al., 2017). 

Patients with end-stage liver cirrhosis place a substantial burden on resources, and 

despite evolving treatment options, the long-term prognosis remains poor (Das et 

al., 2010; Warren et al., 2017). 
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Gastrointestinal causes 

Gastrointestinal causes of ICU admission include acute pancreatitis, intestinal 

complications (such as hemorrhagic erosions and colon carcinoma), upper 

gastrointestinal bleeding, ascites, and spontaneous bacterial peritonitis. Variceal 

bleeding, which is one of the most common causes of ICU admission in patients 

with liver cirrhosis, tends to represent a recurrent decompensating event 

(Christensen et al., 2012; McKenny et al., 2010; O'Brien et al., 2012). However, 

upper gastrointestinal bleeding is now better managed and therefore has a better 

survival rate than other decompensating events of liver cirrhosis (Levesque et al., 

2012; Warren et al., 2017). 

Poisonings 

Acute alcohol poisoning or intoxication with mixed agents often lead to a lowered 

state of consciousness, respiratory depression, hypoxia, and disturbances in 

electrolyte and acid-base balance. Intoxication is therefore often encountered in 

ICUs and is seen frequently in patients with long-term high-risk alcohol 

consumption, sometimes coupled with other substance abuse. Among patients with 

alcohol-related disorders, approximately one-third are admitted to the ICU due to 

intoxication (Christensen et al., 2012; Geary et al., 2012; McKenny et al., 2010; 

Uusaro et al., 2005). Intoxication seems to represent a ameliorative medical 

condition with a need for organ support for relatively short periods and with low 

ICU and long-term mortality rates (Brandenburg et al., 2014; Lindqvist et al., 2017). 

However, intoxication tends to be a recurrent event in specific patient groups who 

consume ICU resources with a self-inflicted and preventable condition. 

Alcohol withdrawal syndrome 

Delirium tremens (i.e., severe alcohol withdrawal syndrome) is a consequence of 

rapid cessation of long-term heavy drinking with symptoms of autonomic 

hyperactivity, neurological imbalance, and seizures. According to Marik & 

Mohedin (1996), alcohol withdrawal was one of the most common causes of ICU 

admission in patients with high-risk alcohol consumption in recent history. 

Correspondingly, Awissi et al. reported the rate of delirium tremens to vary from 1% 

to even 60% in ICU-admitted alcohol-dependent patients (Awissi et al., 2013). 

Alcohol withdrawal is nowadays frequently managed in an enhanced care setting 



42 

in medical wards, but delirium tremens and non-compliant seizures might need 

sedation and mechanical ventilation in the ICU. In addition, alcohol withdrawal 

symptoms are often encountered as a secondary diagnosis in intensive care when a 

patient is admitted for another cause (Dixit et al., 2016; Duby, Berry, Ghayyem, 

Wilson, & Cocanour, 2014). Alcohol withdrawal symptoms may prolong the need 

for sedation, mechanical ventilation, and ICU stay (Awissi et al., 2013; Dixit et al., 

2016). Delirium tremens requiring ICU admission has been associated with a 

significant hospital readmission rate of 40% and one-year mortality of 4% (Clark 

et al., 2013). Neurological diagnoses, such as stroke, spontaneous brain bleed, and 

epilepsy, have been reported to be significant causes of admission in patients with 

alcohol-related disorders (Uusaro et al., 2005). Neurological causes might also 

include withdrawal symptoms due to alcohol’s confounding effect on diagnostics. 

Metabolic disorders 

High-risk alcohol consumption affects systemic homeostasis, leading to 

disturbances in the nutritional state, energy metabolism, and the electrolyte and 

acid-base balance. Every fourth patient with high-risk alcohol consumption is 

hospitalized with acidosis resulting from alcoholic ketoacidosis, lactic acidosis, or 

acidosis caused by ingestion of toxins (Moss & Burnham, 2006). Nutritional 

deficiencies often result in low levels of potassium, calcium, magnesium, and 

phosphate (Moss & Burnham, 2006). Passing out because of binge drinking may 

result in adverse events, such as rhabdomyolysis or ketoacidosis, or hypoglycemia 

in diabetic patients (Marik & Mohedin, 1996). 

Postoperative complications 

Long-term high-risk alcohol consumption increases the risk of postoperative 

complications, such as impaired wound healing, general infections, and pulmonary 

complications in surgical patients (Eliasen et al., 2013; Moss & Burnham, 2006). 

Chronic high-risk alcohol consumption often causes thrombocytopenia and 

impaired coagulation factor synthesis in the liver, thus predisposing to coagulation 

deficits and bleeding complications associated with invasive procedures and 

traumas (Moss & Burnham, 2006). These patients require postoperative treatment 

more often in the ICU and have longer hospital stays compared with patients 

without high-risk alcohol consumption (Eliasen et al., 2013). 
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2.6.2 Treatment profile 

Several studies have shown that most ICU-admitted patients with alcohol-related 

disorders are male and younger compared with cohorts without high-risk alcohol 

consumption (Christensen et al., 2012; Geary et al., 2012; Larkin & Fagan, 2015; 

Lynch et al., 2017; Marik & Mohedin, 1996; McKenny et al., 2010; McPeake et al., 

2015; Stewart et al., 2019; Uusaro et al., 2005). The severity of disease measured 

in Acute Physiology and Chronic Health Evaluation (APACHE) scores has been 

reported to be similar in patients with alcohol-related disorders compared with a 

control group (Geary et al., 2012; Knaus, Draper, Wagner, & Zimmerman, 1985; 

Uusaro et al., 2005). 

Long-term high-risk alcohol consumption affects the immune system and 

predisposes individuals to various infections, often complicating intensive care 

(McPeake et al., 2015; Moss & Burnham, 2006; O'Brien et al., 2007). Alcohol 

consumption is associated with lower concentrations of surfactant in lungs, 

increasing the risk for complicated, atypical pneumonia, and acute respiratory 

distress syndrome (de Wit, Jones, Sessler, Zilberberg, & Weaver, 2010; Moss & 

Burnham, 2006; Simou, Leonardi-Bee, & Britton, 2018). Susceptibility to 

respiratory infections coupled with mechanical ventilation can result in prolonged 

treatment periods due to complicated pneumonia. Furthermore, high-risk alcohol 

consumption has also been associated with the development of sepsis and septic 

shock during intensive care (McPeake et al., 2015; O'Brien et al., 2007). Sepsis has 

been independently associated with higher mortality in ICU patients (Vincent et al., 

2006). In addition, McPeake et al. (2015) reported a longer duration of vasopressor 

therapy in patients with alcohol-related disorders in an ICU population where the 

rates of sepsis and septic shock were generally high. 

Patients with alcohol dependence are more often agitated, disoriented, and 

delirious compared with other ICU patients (de Wit et al., 2010; Stewart et al., 

2019). They are more likely to receive a wider range of sedatives, including 

benzodiazepines, haloperidol, opioids, and propofol (de Wit et al., 2010; Stewart et 

al., 2019). However, alcohol-dependent patients more often report insufficient 

responses to medication and are more prone to adverse events, such as self-

extubation and pulling out central lines (Stewart et al., 2019). At the same time, 

alcohol-dependent patients are more often over-sedated and drift into respiratory 

distress (Stewart et al., 2019). Respiratory dysfunction requiring mechanical 

ventilation is common in ICU patients, especially in intoxicated patients (Geary et 

al., 2012; Liisanantti, Ohtonen, Kiviniemi, Laurila, & Ala-Kokko, 2011). Some 
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studies have shown a longer need for mechanical ventilation associated with high-

risk alcohol consumption (Geary et al., 2012; Lynch et al., 2017), whereas other 

studies have found no significant differences between patients with and without 

high-risk alcohol consumption (de Wit et al., 2010; McPeake et al., 2015). 

The duration of intensive care, as shown in ICU LOS, illustrates the severity 

of disease, response to treatment, and resource utilization. Several studies have 

reported LOS data to reflect the resource burden caused by alcohol-related 

disorders in intensive care; however, the results are conflicting (Geary et al., 2012; 

Larkin & Fagan, 2015; Lynch et al., 2017; Marik & Mohedin, 1996; McKenny et 

al., 2010; McPeake et al., 2015; Uusaro et al., 2005). In study populations with a 

high prevalence of liver cirrhosis or severe alcohol withdrawal syndrome, LOS has 

been reported to be longer compared with the ICU population without alcohol-

related disorders (Larkin & Fagan, 2015; Marik & Mohedin, 1996; McKenny et al., 

2010). In contrast, study populations with a higher prevalence of intoxication or 

neurological dysfunctions have reported no difference or even shorter LOS 

associated with alcohol-related disorders (Geary et al., 2012; Lynch et al., 2017; 

Uusaro et al., 2005). 

ICU resource utilization 

The burden of alcohol-related disorders on intensive care can be measured in terms 

of the costs of treatment periods for this patient group. However, the calculations 

are challenging, and few studies have addressed this question. According to a 

Finnish study, patients with alcohol-related disorders consumed 17.8% of ICU bed 

days in a one-year study period and 18.7% of ICU treatment resources measured 

by the Therapeutic Intervention Scoring System (TISS) score (Uusaro et al., 2005). 

The resource utilization is not substantial in proportion to the number of patients, 

but one-fifth of all ICU resources consumed on alcohol-related diseases may still 

be considered remarkable. Larkin et al. reported intensive care for 23 patients in a 

six-month study period costing 506 000 euros, and McKenny et al. reported costs 

of 1 million euros in Ireland (Larkin & Fagan, 2015; McKenny et al., 2010). 

2.6.3 Intensive care outcome 

Studies of patients with high-risk alcohol consumption have shown mixed results, 

with hospital mortality varying from 9% to 24% (Lynch et al., 2017; Marik & 

Mohedin, 1996; O'Brien et al., 2007; Uusaro et al., 2005) and 30-day mortality after 
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ICU discharge ranging from 16% to 42% (Christensen et al., 2012; McKenny et al., 

2010; Mostafa & Murthy, 2002). ICU mortality in patients with alcohol-related 

disorders has been reported to be higher compared with other ICU patients, 

especially in studies with a high rate of alcoholic liver cirrhosis, other chronic 

alcohol-related complications, and sepsis (Gacouin et al., 2012; Lynch et al., 2017; 

Marik & Mohedin, 1996; McKenny et al., 2010; McPeake et al., 2015; Mostafa & 

Murthy, 2002; O'Brien et al., 2007). Both liver cirrhosis and sepsis have previously 

been linked with higher mortality. In addition, the presence of both conditions in 

patients with high-risk alcohol consumption increases the risk of mortality twofold 

compared with patients without high-risk alcohol consumption (O'Brien et al., 

2007). Furthermore, high-risk consumption of alcohol increases the risk of 

postoperative mortality by over twofold in surgical patients (Eliasen et al., 2013). 

Patients without chronic complications of high-risk alcohol consumption admitted 

to the ICU due to treatable conditions have similar or even better survival compared 

with patients without high-risk alcohol consumption (Christensen et al., 2012; 

Geary et al., 2012; Lynch et al., 2017; Uusaro et al., 2005). ICU mortality in patients 

admitted due to acute alcohol intoxication has been reported to be only 1.2% and 

the corresponding hospital mortality to be as low as 2.1%, demonstrating a 

favorable prognosis (Brandenburg et al., 2014). 

2.7 Mortality and causes of death 

The WHO reported over 3 million alcohol-attributable deaths worldwide in 2016, 

exceeding deaths caused by tuberculosis, HIV and AIDS, traffic accidents, and 

violence (WHO, 2018). In Finland, 14% of deaths in the working-age population 

are caused by alcohol-related diseases (Official Statistics Finland, 2019). 

Examining the correlation between alcohol consumption and mortality is 

complicated by several methodological challenges, including the natural variation 

of alcohol consumption over a lifetime, biased measuring of consumption by self-

reports, and the difficulty of controlling for all confounding factors. 

Pearl (1926) first showed the J-curve between alcohol consumption and 

ischemic heart disease, suggesting that moderate alcohol consumption might be 

more beneficial than total abstinence (Jayasekara, English, Room, & MacInnis, 

2014). This interpretation has been challenged, and several studies have linked 

high-risk alcohol consumption with increased mortality. 

A meta-analysis of lifelong alcohol consumption and all-cause mortality by 

Jayasekara et al. (2014) showed an increased risk of mortality in men consuming 
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alcohol over 40 g/day, whereas a reduced risk or no difference was found with 

lower doses. Another comprehensive meta-analysis demonstrated a J-curve 

between alcohol consumption and all-cause mortality before adjusting for 

covariates, after which the mortality risk was similar between low- and medium-

volume drinkers (Stockwell et al., 2016). 

Correspondingly, Goulden (2016) found no survival benefit in moderate 

drinkers compared with occasional drinkers consuming alcohol less than once per 

week. A recent comprehensive study by the Global Burden of Disease collaborators 

with 28 million subjects reported no association between alcohol consumption and 

reduced mortality and suggested the level of alcohol consumption with health 

benefit to be zero (GBD 2016 Alcohol Collaborators, 2018). In addition, former 

drinkers with alcohol problems in the past have been linked to an elevated mortality 

risk, which may explain the slightly higher mortality among nondrinkers observed 

in some previous studies (Rehm, Greenfield, & Rogers, 2001; Stockwell et al., 

2016). 

Previous studies have suggested that the level of alcohol intake increasing 

mortality risk would be approximately 30–40 g/day (Bergmann et al., 2013; 

Jayasekara et al., 2014). A recent prospective cohort study conducted in the USA 

found that all-cause mortality risk increased by 17–49%, depending on sex, in 

subjects consuming alcohol over the recommended 14 g per day (Ricci, Schutte, 

Schutte, Smuts, & Pieters, 2020). Furthermore, the study suggested that by 

reducing alcohol consumption to recommended levels, all-cause mortality could 

theoretically be reduced by 8.8% in men and 5.5% in women. 

2.7.1 Causes of death 

A few studies with various study populations have demonstrated that patients with 

high-risk alcohol consumption often die due to alcohol-related causes, regardless 

of underlying diseases. Alcohol intoxication is the only directly alcohol-attributable 

cause of death, and it causes multiple deaths annually, corresponding to 12% of all 

alcohol-related deaths in Finland (THL, 2020). However, most deaths seem to 

occur before the patient reaches hospital for treatment (Lapatto-Reiniluoto, Vuori, 

Hoppu, & Ojanperä, 2013). According to a recent Finnish study, ethanol was the 

main agent in 55.7% of prehospital fatal poisonings in Northern Finland (Koskela, 

L., Raatiniemi, Bakke, Ala-Kokko, & Liisanantti, 2017). In addition, in 17.5% of 

all fatal poisonings, ethanol was one of the agents in cases of multiple ingestion 

(Koskela et al., 2017).  
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In a follow-up study of patients hospitalized due to acute pancreatitis, the cause 

of death was found to be alcohol-related in 39.4% of the cases (Karjula et al., 2019). 

A comprehensive meta-analysis of studies conducted in patients with alcohol use 

disorder found an over tenfold mortality risk from liver cirrhosis and mental 

disorders, a sevenfold risk for trauma-related fatalities, and a twofold risk for 

cardiovascular or cancer deaths in patients with alcohol-related disorder compared 

with those without (Roerecke & Rehm, 2014). 

2.8 Prevention of alcohol-related disorders 

To prevent alcohol-related disorders and reduce associated mortality, high-risk 

alcohol consumption ought to be recognized by health care providers. The 

incidence of acute or severe illness requiring hospital or even ICU admission may 

present as a potential intervention opportunity; thus, screening for high-risk alcohol 

consumption should be included in comprehensive patient evaluation. According 

to previous studies conducted with ICU-admitted patients, trauma and severity of 

disease measured by APACHE II scores are associated with patients’ readiness to 

change alcohol consumption habits (Clark et al., 2012; Clark, Jones, Cook, Tian, & 

Moss, 2013; Cordovilla-Guardia et al., 2017). According to a Finnish study 

conducted in patients suffering from severe acute pancreatitis, one-third of the 

patients had been able to give up alcohol consumption after hospitalization 

(Halonen et al., 2003). Conversely, the ICU treatment period has also been 

associated with an increased risk of high-risk alcohol consumption after ICU 

admission, especially in patients with acute stress disorder during or after the ICU 

stay (Davydow, Zatzick, Hough, & Katon, 2013). 

A prospective study conducted in ED patients admitted due to acute alcohol 

intoxication found that a brief intervention for alcohol consumption reduced the 

readmission rate by 45% in the one-year follow-up period (Schwan et al., 2012). 

Another study reduced all-cause ED readmissions from 23.4% to 8.2% in a 30-day 

follow-up period by initiating medication-assisted treatment in alcohol-dependent 

patients (Wei et al., 2015). In addition, a Finnish study investigated the effect of 

enhanced alcohol intervention after a first hospitalization due to acute alcoholic 

pancreatitis and found that repeated interventions reduced the recurrence of 

pancreatitis significantly during a two-year follow-up period compared with 

patients receiving intervention only during the hospital stay (Nordback et al., 2009). 

A meta-analysis suggested that screening of alcohol consumption and a brief 

intervention did not have a significant impact on outpatient or inpatient health care 
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utilization but might reduce the rate of ED visits (Bray, Cowell, & Hinde, 2011). 

Nevertheless, Ettner et al. (2014) discovered significant reductions in weekly 

alcohol consumption, high-risk alcohol consumption, physician and caregiver visits, 

and ED visits in patients over 60 years old receiving an educational intervention on 

alcohol consumption. 
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3 Aims of the study 

The general aim of this thesis was to evaluate the role of high-risk alcohol 

consumption in acute and critical illness often treated in ICUs. The other foci were 

the ICU treatment profile, mortality, and causes of death in liver disease patients in 

relation to high-risk alcohol consumption, and the demographics, social factors, 

and characteristics of ACM among sudden cardiac death (SCD) victims. 

The more specific aims of the studies were as follows: 

1. To examine the proportion of patients with alcohol-related health problems, 

their ICU treatment profile including causes of admission, severity of disease, 

need for organ support, and their one-year mortality in a non-trauma ICU 

population (I) 

2. To evaluate whether high-risk alcohol consumption at the age of 31 years has 

an impact on later need for ICU admission (II) 

3. To examine the impact of alcohol consumption on the ICU treatment profile, 

mortality, and causes of death in liver disease patients (III) 

4. To compare the demographics, social factors, and clinical characteristics of 

SCD victims due to ACM between those subjects with cardiac disease 

diagnosed before death and those diagnosed at autopsy (IV) 
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4 Materials and methods 

All the studies were conducted in Oulu University Hospital’s district and referral 

area. The setting is a tertiary academic teaching hospital with 26 ICU beds. The 

population of the referral area is approximately 750 000 inhabitants, and patients 

are also admitted from all of Northern Finland when university hospital-level 

treatment is required. 

All four studies included in this thesis were register-based cohort studies. The 

study protocols were accepted by the administration of the Northern Ostrobothnia 

Hospital District and registered at the Ombudsman’s office. The hospital 

administration approval forms have the following reference numbers: study I 

204/2014, study II 224/2016, study III 54/2017, and study IV 24/2007. A summary 

of the study protocols is presented in Table 3. 

4.1 Patient selection 

4.1.1 Intensive care unit population (I, III) 

The study population of the first study (I) consisted of all non-trauma patients 

admitted to Oulu University Hospital’s ICUs between January 1, 2014 and 

December 31, 2014. Postoperative follow-up cardiac and elective surgery patients 

and trauma-related patient admissions were excluded from the study. The included 

985 non-trauma-related emergency admissions to the ICU comprised 45.6% of all 

ICU admissions in 2014. The main variable was the patient’s alcohol-related health 

problems, which was analyzed by the researcher individually based on medical 

records. In the case of insufficient information (e.g., only a few visits or 

inconclusive background information) to determine whether the patient had high-

risk alcohol consumption or alcohol-related diseases, the patient was excluded from 

the study. Therefore 86 (8.7%) patients whose alcohol consumption could not be 

determined were excluded from the study, leaving 899 ICU admissions for the 

analyses. 

All the patients with previously diagnosed liver disease or acute liver 

insufficiency admitted to the Oulu University Hospital ICUs between May 1, 2015 

and April 30, 2017 were included in the third study (III). In cases of multiple 

admissions of the same patient during the study period, only the most recent ICU 
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admission was included in the analyses. During the study period, 250 patients with 

liver disease had a total of 277 ICU admissions. 

Table 3. Summary of studies I–IV: study design, patients, main objective, and main 

variables 

Study Design Patients Main objective Main variables 

I Retrospective 

cohort study 

899 non-trauma 

patients admitted to 

the ICU in 2014 

To examine the ICU 

treatment profile and 

proportion of patients with 

alcohol-related health 

problems 

High-risk alcohol 

consumption, causes of 

admission, SOFA score, 

APACHE score, TISS, ICU 

LOS, and mortality 

     

II Retrospective 

analysis of a 

prospectively 

collected birth 

cohort data 

8 379 subjects born 

in 1966 with available 

data on alcohol 

consumption at the 

age of 31 years 

To evaluate the impact of 

high-risk alcohol 

consumption at the age of 

31 years on later need for 

ICU admission 

Rate of ICU admission, 

causes of admission, 

SOFA score, APACHE 

score, ICU LOS, and 

mortality 

     

III Retrospective 

cohort study 

250 patients with 

liver cirrhosis or 

other liver disease 

admitted to the ICU 

between 2015 and 

2017 

To examine the impact of 

alcohol consumption on 

ICU treatment profile, 

mortality, and causes of 

death in liver disease 

patients 

Nature and etiology of liver 

disease, causes of 

admission, SOFA score, 

APACHE score, ICU LOS, 

mortality, and causes of 

death  

     

IV Retrospective 

cohort study 

290 sudden death 

victims with ACM 

deceased between 

1998 and 2017 

To characterize clinical 

and socioeconomic factors 

of sudden death victims 

with ACM 

Autopsy findings, 

demographics, clinical 

diagnosis, medical 

treatment, alcohol 

consumption, occupation, 

and residential community  

ICU, intensive care unit; SOFA, Sequential Organ Failure Assessment; APACHE, Acute Physiology and 

Chronic Health Evaluation; TISS, Therapeutic Intervention Scoring System; LOS, length of stay. 

4.1.2 Northern Finland Birth Cohort 1966 (II) 

The study population of the second study (II) consisted of the Northern Finland 

Birth Cohort 1966 (NFBC1966), which included 12 068 mothers who gave birth to 

12 231 children in 1966. Data collection started in 1965 when the mothers were 

pregnant, and the follow-up continued at the ages of 1, 14, 31, and 46 years. The 
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consumption of alcohol and other substances was surveyed at the ages of 14 and 

31 years. There was a total of 8379 subjects with available data on alcohol 

consumption at the age of 31 years. 

The NFBC1966 subjects with ICU admissions after the age of 31 years formed 

a subgroup for the analyses. The subgroup population comprised ICU-admitted 

cohort patients between 1998 and 2016. To obtain reliable information concerning 

alcohol and other substance use, only the subjects living in the Oulu University 

Hospital district during the study period were included. During the study period, 

136 NFBC1966 study subjects had a total of 177 ICU admissions. 

4.1.3 The Fingesture study (IV) 

The study population of the fourth study (IV) comprised a subgroup of the 

Fingesture study, which systematically collected clinical and autopsy data from 5 

869 SCD victims in Northern Finland between 1998 and 2017. The subgroup 

consisted of SCD victims in whom a medico-legal autopsy determined the cause of 

death to be ACM. According to national policy, a death was classified as sudden if 

it was either a witnessed event within 6 hours after the onset of symptoms or 

unwitnessed within 24 hours of when the victim was last seen alive in a normal 

state of health (Perkiömäki et al., 2016). The study population included 290 victims 

or 4.9% of all the SCD victims. 

4.2 Methods 

4.2.1 Review of medical records (I, III) 

Studies I and III were retrospective cohort studies based on medical records and 

the ICU patient data management system (PDMS). The demographic data, 

including age and gender, ICU admission cause, and patient history that included 

previous diagnoses, were obtained manually from the electronic medical records in 

the hospital patient registry. The medical records were reviewed to discover any 

alcohol-related diagnoses or documentation of high-risk alcohol consumption made 

by the treating physician. In the third study (III), the medical records were reviewed 

to determine also the nature and etiology of the liver disease. 

The clinical data during the ICU stay were obtained from the ICU PDMS. The 

data included the APACHE II (Knaus et al., 1985) and Sequential Organ Failure 
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Assessment (SOFA) (Vincent et al., 1996) severity-of-illness scores utilized 

generally in the ICU setting to predict ICU mortality. The scoring systems are 

described in detail in Tables 4 and 5. The first study (I) also included the TISS 

(Cullen, Civetta, Briggs, & Ferrara, 1974), which describes resource utilization 

during the ICU stay by rating basic nursing activities, monitoring and 

cardiovascular, ventilatory, renal, and metabolic support. The data concerning the 

need for organ support, delirium during the ICU stay, the LOS, and the ICU and 

hospital outcomes were also retrieved from the PDMS. The first study (I) also 

included information on malignancies and immunosuppression recorded in the 

PDMS. 

Table 4. Sequential Organ Failure Assessment (SOFA) score according to Vincent et al. 

(1996) 

Variables 1 2 3 4 

Respiration 

PaO2/FiO2 

SaO2/FiO2 

 

< 400 

221–301 

 

< 300 

142–220 

 

< 220 

67–141 

 

<100 

<67 

Coagulation 

Platelets x103 

 

< 150 

 

< 100 

 

< 50 

 

< 20 

Liver 

Bilirubin (mg/dL) 

 

1.2–1.9 

 

2.0–5.9 

 

6.0–11.9 

 

> 12.0 

Cardiovascular 

Hypotension 

 

MAP < 70 

 

Dopamine ≤ 5 

or dobutamine 

 

Dopamine >5 or 

NE ≤0.1 

 

Dopamine >15 

or NE > 0.1 

CNS 

Glasgow Coma Scale 

 

13–14 

 

10–12 

 

6–9 

 

<6 

Renal 

Creatinine (mg/dL) or urine 

output (mL/d) 

 

1.2–1.9 

 

2.0–3.4 

 

3.5–4.9 or < 500 

 

> 5.0 or < 200 

PaO2, partial pressure of arterial oxygen; FiO2, fraction of inspired oxygen; SaO2, peripheral arterial 

oxygen saturation; MAP, mean arterial pressure; NE, norepinephrine; CNS, central nervous system. 
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Table 5. Acute Physiology and Chronic Health Evaluation (APACHE II) score according 

to Knaus et al. (1985) 

Variables +4 +3 +2 +1 0 +1 +2 +3 +4 

Temperature, core 

(°C) 

≥ 41° 39–

40.9° 

— 38.5–

38.9° 

36–

38.4° 

34–

35.9° 

32–

33.9° 

30–

31.9° 

≤ 29.9° 

MAP (mmHg) ≥ 160 130–

159 

110–

129 

— 70–109 — 50–69 — ≤ 49 

HR (beats/min) ≥ 180 140–

179 

110–

139 

— 70–109 — 55–69 40–54 ≤ 39 

RR  (/min) ≥ 50 35–49 — 25–34 12–24 10–11 6–9 — ≤ 5 

Oxygenation: 

a) FiO2 ≥ 0.5: use A-

aDO2  

 

≥ 500 

 

350–

499 

 

200–

349 

 

— 

 

<200 

 

— 

 

— 

 

— 

 

— 

b) FiO2 < 0.5: use 

PaO2 (mmHg) 

— — — — > 70 61–70 — 55–60 < 55 

Arterial pH ≥ 7.7 7.6–

7.69 

— 7.5–

7.59 

7.33–

7.49 

— 7.25–

7.32 

7.15–

7.24 

< 7.15 

Serum sodium 

(mmol/L or mEq/L) 

≥ 180 160–

179 

155–

159 

150–

154 

130–

149 

— 120–

129 

111–

119 

≤ 110 

Serum potassium 

(mmol/L or mEq/L) 

≥ 7 6–6.9 — 5.5–5.9 3.5–5.4 3–3.4 2.5–2.9 — < 2.5 

Serum creatinine 

(µmol/L or mg/dL 

≥3.5 2–3.4 1.5–1.9 — 0.6–1.4 — < 0.6 — — 

Hematocrit (%) ≥ 60 — 50–59.9 46–49.9 30–45.9 — 20–29.9 — < 20 

White blood cells (in 

1000s) 

≥ 40 — 20–39.9 15–19.9 3–14.9 — 1–2.9 — < 1 

Glasgow Coma Scale  Score = 15 minus actual GCS 

Add 0 points for age < 44 years; 2 points, 45–54 years; 3 points, 55–64 years; 5 points, 65–74 years; 6 

points ≥75 years. 

Add chronic health status points: 2 points for elective postoperative patient who is immunocompromised 

or has a history of severe organ insufficiency; 5 points for nonoperative patient or emergency 

postoperative patient with immunocompromise or severe organ insufficiency. 

APACHE II score = acute physiology score + age points + chronic health points. Minimum score = 0; 

maximum score = 71. Increasing score is associated with increasing risk of hospital death. 

MAP, mean arterial pressure; HR, heart rate; RR, respiratory rate 

The hospital’s electronic laboratory records were reviewed to collect data on 

relevant laboratory markers when available. The information was available in the 

majority of the patients, since these markers are often routinely collected, with the 

exception of -glutamyltransferase. Laboratory markers are described in detail in the 

following lists. 
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1. Laboratory markers collected in study I: 

– Blood alcohol concentration (BAC) on admission 

– Mean corpuscular volume (E-MCV) 

– Aspartate aminotransferase (P-AST) 

– Alanine aminotransferase (P-ALT) 

– 𝛾-glutamyltransferase (P- 𝛾GT) 

– International normalized ratio (P-TT-INR) 

– Albumin (P-Alb) 

2. Laboratory markers collected in study III: 

– Blood alcohol concentration (BAC) on admission 

– Mean corpuscular volume (E-MCV) 

– Aspartate aminotransferase (P-AST) 

– Alanine aminotransferase (P-ALT) 

– International normalized ratio (P-TT-INR) 

– Albumin (P-Alb) 

– Bilirubin (P-Bil) 

– Creatinine (P-Crea) 

4.2.2 Review of cohort data (II) 

The Northern Finland Birth Cohort data were collected prospectively with a 

questionnaire survey in 1997 concerning alcohol and other substance use at the age 

of 31 years. Alcohol consumption was described in detail by beverage type, 

consumption frequency, and doses consumed on one occasion. The survey also 

included the subjects’ own reports of alcohol or substance use problems and 

abstinence. The average daily alcohol consumption (g/day) was calculated based 

on each subject’s report. The analyses for the present study were conducted 

retrospectively from existing data. Based on average daily alcohol consumption, 

the subjects were retrospectively divided into the highest quartile and the lower 

quartiles of alcohol consumption. 

The birth cohort data were retrospectively combined with clinical data gathered 

in the ICUs. The demographic data, causes of ICU admission, severity-of-illness 

scores (APACHE II and SOFA), need for organ support, ICU LOS, and 28-day 

mortality were retrieved from the ICU PDMS. The subjects with ICU admission 

during the study period were compared with cohort subjects without ICU admission 
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in terms of alcohol and other substance use. In the analysis of ICU-admitted 

subjects, the ICU treatment profile, causes of admission, and mortality were 

compared between the patients with alcohol consumption at the highest and the 

lower quartiles. Long-term survival was obtained from NFBC1966 data, which 

include the data for the deceased population. 

 

NFBC1966 31-years-old questionnaire: 

– Do you drink alcoholic beverages? 

– How often do you usually drink beer? 

– How much beer do you usually drink? 

– How often do you usually drink light wine? 

– How much light wine do you usually drink? 

– How often do you usually drink wine? 

– How much wine do you usually drink at a time? 

– How often do you usually drink spirits? 

– How much spirits do you usually drink at a time? 

– How many years ago I gave up alcohol completely 

– Problems with alcohol 

– Other intoxicant problem 

– Have you ever smoked in your life? 

– Regularly smoking 

– Regularly taking snuff or chewing tobacco 

4.2.3 Review of autopsy reports (IV) 

The fourth study (IV) was based on medico-legal autopsy reports with relevant 

clinical data collected from referral letters compiled by the treating physicians. The 

cohort included 5 869 SCD victims, of whom 290 victims had ACM as the cause 

of death. The medico-legal autopsy reports were reviewed manually to obtain data 

from the victim’s medical history, the medical findings of the autopsy, and the 

circumstances of and contributory factors to the death. The victims were divided 

into two groups according to the knowledge of cardiac disease prior to death: 

victims with known heart disease and victims without clinically diagnosed cardiac 

disease whose ACM diagnosis was not made until the autopsy. The demographics, 

medical history, and clinical characteristics were compared across the groups. 
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The Finnish Population Center provided the information on the victims’ last 

known residence for the analysis of the distance to the nearest hospital and the 

economic profile of the residential area. The open data on Statistics Finland were 

used to divide the residential areas according to the median annual net income; 

three groups were formed using the index year 2016: a low-income area (11 778–17 

530 euros), a middle-income area (17 531–19 945 euros) and a high-income area (19 

947–26 813 euros). The study groups were compared according to the residential area’s 

socioeconomic profile to examine the impact of residential area on the clinical 

diagnosis of alcohol-related cardiac disease. 

4.3 Definition of high-risk alcohol consumption (I–IV) 

Due to the retrospective study design in studies I, III, and IV, the definition of the 

patients’ high-risk alcohol consumption was based on medical records. The patients 

were examined and treated by several physicians over time, and the recognition of 

high-risk alcohol consumption was based on the physician’s clinical evaluations 

and observations. The national limits for high-risk alcohol consumption are well 

known by health care professionals and thus the evaluation is presumed to be based 

on these limits. In study IV, a forensic pathologist reviewed the medical records, 

and police interviewed the victims’ next of kin to specify the background 

information. 

In study II, the determination of alcohol consumption was based on the subjects’ 

own reporting in a questionnaire survey. The average daily alcohol consumption 

was divided into quartiles, with the cut-off point for the highest quartile being ≥ 

11g/day. The national high-risk limits were not applicable in this study and 

therefore the study is based on an independent cut-off point. The subjects with 

alcohol consumption in the highest quartile were compared with those whose 

alcohol consumption was in the lower quartiles. 

4.3.1 Terminology 

In the present thesis, the patients with documented high-risk alcohol consumption 

are referred to as the alcohol group or alcoholic patients with no indication of 

diagnosed alcohol dependence. Correspondingly, the terms non-alcohol group or 

non-alcoholic patients refer to patients without documented high-risk alcohol 

consumption but possible low- or moderate consumption with no indication of total 

abstinence. 
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4.4 Diagnosis of liver disease (III) 

In study III, the patients’ medical records were reviewed to identify the nature and 

etiology of the liver disease. Liver cirrhosis was diagnosed by following 

international guidelines and national policy either with imaging studies, including 

CT and/or magnetic resonance imaging studies, or by liver biopsy. The etiology of 

liver cirrhosis was determined on the basis of the patients’ history of alcohol 

consumption and by tests indicating non-alcoholic etiological factors, such as viral 

hepatitis, autoimmune processes, and accumulation diseases. The patients with 

liver cirrhosis formed the liver cirrhosis group, which was further divided into 

subgroups of alcoholic liver cirrhosis and non-alcoholic liver cirrhosis for the 

analyses. 

Patients with non-cirrhotic liver disease comprised the other liver disease 

group, which included patients with previously diagnosed liver disease or acute 

liver insufficiency. The nature of the liver disease or dysfunction was diagnosed by 

the treating physician together with a gastrointestinal specialist when needed, 

according to the clinical findings, relevant imaging studies, and laboratory markers. 

The other liver disease group included a non-alcoholic subgroup comprising 

patients with viral or autoimmune hepatitis, acute liver diseases, hepatocellular 

carcinoma or hepatic metastases, accumulation diseases, and idiopathic hepatic 

insufficiency. The alcoholic subgroup included patients with alcohol-related liver 

diseases, such as alcoholic steatosis, alcoholic hepatitis and alcohol-induced liver 

failure. 

Organ dysfunctions are significant prognostic factors in patients with liver 

cirrhosis (Engelmann et al., 2018; Jalan et al., 2014). Organ dysfunctions, defined 

according to the CLIF-SOFA score introduced by Moreau et al. (2013), are 

described in more detail in Table 6. In addition, prognostic CLIF-C acute-on-

chronic liver failure (ACLF) scores introduced by Jalan et al. (2014) were 

calculated on admission, and a CLIF-C ACLF score ≥ 70 was considered an 

indicator of futility of care (Engelmann et al., 2018; Jalan et al., 2014). These 

scoring systems were not applied in the other liver disease group, since they have 

been validated only in patients with liver cirrhosis. 
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Table 6. CLIF-SOFA score for assessment of organ dysfunctions in liver cirrhosis 

patients according to Moreau et al. (2013) 

Organ/system 0 1 2 3 4 

Liver 

(bilirubin, 

mg/dL) 

< 1.2 ≥ 1.2 to ≤ 2.0 ≥ 2.0 to < 6.0 ≥ 6.0 to < 12.0 ≥ 12.0 

Kidney 

(creatinine, 

mg/dL) 

< 1.2 ≥ 1.2 to < 2.0 ≥ 2.0 to < 3.5 ≥ 3.5 to < 5.0 or 

use of RRT 

≥ 5.0  

Cerebral (HE 

grade) 

No HE grade I grade II grade III grade IV 

Coagulation 

(INR) 

< 1.1 ≥ 1.1 to < 1.25 ≥ 1.25 to < 1.5 ≥ 1.5 to < 2.5 ≥ 2.5 or platelet 

count 

< 20 x 109/l 

Circulation 

(MAP, mmHg) 

≥ 70 < 70 dopamine ≤5 or 

dobutamine or 

terlipressin 

dopamine >5 

or E ≤ 0.1 or 

NE ≤ 0.1 

dopamine > 15 or 

E > 0.1 or NE > 

0.1 

Lungs 

(PaO2/FiO2) 

> 400 > 300 to ≤ 400 > 200 to ≤ 300 > 100 to ≤ 200 ≤ 100 

RRT, renal replacement therapy; HE, hepatic encephalopathy; INR, international normalized ratio; MAP, 

mean arterial pressure; E, epinephrine; NE, norepinephrine; PaO2, partial pressure of arterial oxygen; 

FiO2, fraction of inspired oxygen. 

4.5 Diagnosis of alcoholic cardiomyopathy (IV) 

The ACM diagnoses were confirmed in medico-legal autopsies, which were all 

performed in the Department of Forensic Medicine, University of Oulu under the 

National Institute for Health and Welfare by an experienced forensic pathologist. 

The standard protocol was followed, and a specialist pathologist was consulted 

when needed. 

The diagnosis was based on macroscopic findings of dilated cardiomyopathy 

and the lack of indications of any other heart disease. The diagnosis was supported 

by cellular damage in other organs, indicating high alcohol consumption. Other 

etiologies of cardiomyopathy, such as untreated hypertensive disease, valve 

diseases, and congenital cardiomyopathies, were ruled out in the autopsy. The pre-

mortem records were reviewed by the forensic pathologist to verify the history of 

high alcohol consumption, and the police interviewed the victim’s next of kin to 

specify circumstantial information. 
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4.6 Mortality and causes of death (I, III) 

The follow-up period in study I lasted until the end of 2015, and all the patients 

were followed for a minimum of one year. In study III, the follow-up period lasted 

until the end of 2017, with median follow-up time of one year. The Finnish 

Population Register Centre provided the dates of death of the non-survivors, and 

the mortality rates were compared across the study groups. 

The third study (III) also included an analysis of the causes of death, which 

were obtained from Statistics Finland. The causes of death were divided according 

to disease entities (i.e., cardiovascular, other medical, malignancy, liver disease, or 

trauma), and the findings were compared between the study groups and the 

subgroups. Alcohol as a contributory factor was recorded as a secondary diagnosis 

and included in the analysis. 

4.7 Statistical analyses 

The statistical analysis was performed using SPSS software (SPSS Statistics for 

Windows, Version 21.0, IBM Corp, Armonk, NY, USA). Categorical data are 

expressed in numbers (n) and percentages (%), and continuous variables are 

presented as medians and 25th to 75th percentiles. Two-tailed significance levels are 

reported; p-values less than 0.05 are considered statistically significant. The 

categorical data were tested using Pearson’s x2-test or Fisher’s exact test, and the 

Mann-Whitney U test was used to compare the medians across the groups. 

In study III, logistic regression analysis was used to calculate the odds ratios 

(ORs) and 95% confidence intervals (CIs) for six-month mortality. All the variables 

with univariate p-values < 0.1 were included in the model. In addition, the variables 

with a p-value < 0.05 were kept in the model as well as those with significant impact 

on the log-likelihood function. 

The mortalities in studies I, II, and III are expressed in percentages or 

standardized mortality ratios (SMRs) with 95% CIs. The SMR illustrates the ratio 

between the observed deaths in the study group and the expected deaths in general 

population. Kaplan-Meier analysis was used in studies I and II to compare the 

survival curves in the long-term follow-up period. 
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4.8 Ethics 

All four studies included in this doctoral thesis were register-based cohort studies. 

Data were collected from medical records, cohort study documentation, the PDMS, 

and laboratory records. All data collected in these studies were normally recorded 

in the ICU, consequently causing no additional examinations for the patients. Due 

to the retrospective nature of the study design, these studies did not interfere with 

patient care. All information was obtained from various records, so there was no 

personal contact with the patients, and therefore any additional emotional stress 

was avoided. The research theme is an often sensitive matter to patients and their 

close relatives; therefore, absolute discretion has been followed throughout. 

Due to the retrospective study design in studies I and III, no statement from the 

ethics committee was required, in accordance with local policy. In study II, the 

original study protocol was accepted by the local ethics committee. Permission to 

review the medico-legal autopsy reports in Study IV was granted by the National 

Institute for Health and Welfare and the Regional State Administrative Agency of 

Northern Finland. The study protocol was approved by the local ethics committee, 

and consent from the next of kin was waived in accordance with Finnish law. 
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5 Results 

5.1 Summary of the main results 

The aims and main findings of this thesis are summarized in Table 7 and described 

in more detail in the following sections. 

Table 7. Summary of studies I–IV: aims and main results 

Study Aim Main results 

I To examine the ICU 

treatment profile and 

proportion of patients 

with alcohol-related 

health problems. 

One-third of ICU-admitted patients have alcohol-related health 

problems. Alcohol consumption does not have a significant impact 

on ICU treatment profile or short-term outcome, but patients with 

alcohol-related health problems and less severe chronic diseases 

seem to have better one-year survival compared with non-alcoholic 

patients.  

II To evaluate 

retrospectively the 

impact of high-risk 

alcohol consumption at 

the age of 31 years on 

later need for ICU 

admission. 

Higher alcohol consumption at the age of 31 years is associated with 

a later need for ICU admission. ICU-admitted patients with higher 

alcohol consumption at 31 years of age more often had alcohol-

related admissions and lower long-term mortality. 

III To examine the impact 

of alcohol consumption 

on ICU treatment 

profile, mortality, and 

causes of death in liver 

disease patients. 

Alcohol consumption does not have a significant effect on ICU 

treatment profile or short- and long-term mortality in liver disease 

patients. The overall mortality of liver disease requiring ICU 

admission is high. Liver disease patients with high-risk alcohol 

consumption die more often due to liver disease, whereas liver 

disease patients without alcohol consumption die more often due to 

malignancies. 

IV To characterize the 

clinical and 

socioeconomic factors 

of sudden death victims 

with ACM. 

Most SCD victims with ACM do not have previously diagnosed 

cardiac disease, despite documented high-risk alcohol consumption. 

The rate of clinical diagnosis among SCD victims is higher in high-

income areas compared with low- and middle-income communities.  

ICU, intensive care unit; SCD, sudden cardiac death; ACM, alcoholic cardiomyopathy. 
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5.2 Alcohol-related health problems in intensive care (I) 

From a total of 899 ICU admissions, alcohol-related health problems or high-risk 

alcohol consumption figured in 296 (32.9%) of the cases. The patients with alcohol-

related health problems were more often male, but there were no differences in age, 

APACHE II scores, or cumulative TISS scores between the alcohol and the non-

alcohol groups. The admission SOFA scores and the maximum SOFA scores were 

higher in the alcohol group, even when the GCS score was excluded (Table 10). 

The patients with alcohol-related health problems also had a higher rate of previous 

trauma, intoxication, and psychiatric disorders. Correspondingly, the patients in the 

non-alcohol group had a higher rate of malignancies, coronary artery disease, and 

immunosuppression. 

The most common cause of ICU admission was neurological in 22.4% of the 

admissions. The patients with alcohol-related health problems were admitted more 

often due to intoxication compared with the non-alcohol group (12.8% versus 2.5%, 

p < 0.001), and 9.1% were admitted due to alcohol-related liver disease. The 

patients in the non-alcohol group had respiratory conditions more often than the 

patients in the alcohol group (25.2% versus 11.1%, p < 0.001). 

There were no significant differences between the groups in the need for organ 

support, length of ICU stay, or ICU or hospital mortality. From a total of 847 

individual patients, 28.0% in the alcohol group and 35.1% in the non-alcohol group 

died during the one-year follow-up period (p = 0.041) (Table 8). The highest one-

year mortality rates were observed in the patients admitted due to alcohol-related 

liver disease (59.3%), cardiovascular disease (44.9%), and respiratory conditions 

(37.9%). The difference in mortality occurred during the first month after ICU 

discharge and lasted throughout the follow-up period (Figure 3). 
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Table 8. Demographics, treatment profile, and outcome in ICU-admitted patients with or 

without alcohol-related health problems (N = 899) [median, IQR] 

Variables Alcohol group 

(n = 296) 

Non-alcohol group 

(n = 603) 

p-value 

Age 62 [51–73] 61 [49–79] 0.45 

Male/female 214/82 305/298 < 0.0001 

APACHE II 17 [12–22] 16 [11–22] 0.25 

SOFA score max 8 [5–10] 7 [4–10] 0.003 

Non-GCS SOFA score max 6 [4–8] 5 [3–7] 0.050 

ICU LOS (days) 1.8 [0.9–4.1] 1.9 [0.9–3.8] 0.88 

ICU mortality (n, %) 22 (7.4) 51 (8.5) 0.60 

Hospital mortality (n, %) 33 (11.1) 93 (15.4) 0.08 

One-year mortality (n = 847, n, %) 75/268 (28.0) 203/579 (35.1) 0.041 

APACHE, Acute Physiology and Chronic Health Evaluation; SOFA, Sequential Organ Failure 

Assessment; GCS, Glasgow Coma Scale; ICU, intensive care unit; LOS, length of stay. 

 

 

 

Fig. 3. Kaplan-Meier survival curve of ICU-admitted patients with or without alcohol-

related health problems in one-year follow-up. 

In the additional analysis conducted for this thesis, the exclusion of patients with 

intoxication as an ICU admission cause did not affect the median severity of illness 

scores or the ICU or hospital outcomes. However, the exclusion of intoxications 



66 

evened out the difference between the alcohol and the non-alcohol groups in one-

year mortality (31.4% versus 35.6%, p = 0.143) (Table 9, Figure 4). 

Table 9. Severity of illness scores, ICU length of stay, and outcome in patients admitted 

to ICU due to causes other than intoxication with or without alcohol-related health 

problems (N = 801) [median, IQR] 

Variables Alcohol group 

(n = 236) 

Non-alcohol group 

(n = 565) 

p-value 

APACHE II 17 [12–23] 16 [12–22] 0.126 

SOFA score max 8 [5–11] 7 [4–10] 0.001 

ICU LOS (days) 2.0 [1.0–4.6] 1.9 [0.9–3.9] 0.270 

ICU mortality (n, %) 22 (9.3) 51 (9.0) 0.912 

Hospital mortality (n, %) 33 (14.0) 93 (16.5) 0.195 

One-year mortality (n, %) 74 (31.4) 201 (35.6) 0.143 

APACHE, Acute Physiology and Chronic Health Evaluation; SOFA, Sequential Organ Failure 

Assessment; ICU, intensive care unit; LOS, length of stay. 

 

 

Fig. 4. Kaplan-Meier survival curve of patients admitted to ICU due to causes other than 

intoxication with or without alcohol-related health problems. 
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5.3 Alcohol consumption and later need for intensive care (II) 

Of 8379 NFBC1966 subjects with known alcohol consumption at the age of 31 

years, 136 (1.6%) subjects had a total of 177 ICU admissions. The subjects with 

ICU admissions more often had self-reported problems with alcohol (4.4% versus 

1.2%, p = 0.008), and their alcohol consumption was in the highest quartile (≥ 11 

g/day) of the cohort (32.4% in the ICU-admitted subjects versus 24.9% in the non-

ICU-admitted subjects, p = 0.047). The median age at first ICU admission was 43 

years (25th–75th percentile 38–47). 

There were no significant differences in ICU treatment profiles when 

comparing the ICU-admitted population in relation to alcohol consumption in the 

highest or the lower quartiles of the cohort. However, the SOFA scores at admission 

were higher in the patients with higher alcohol consumption. The patients with 

lower alcohol consumption were admitted often due to neurological (30.6% versus 

14.3%, p = 0.021) and malignancy-related causes (14.0% versus 3.6%, p = 0.027), 

whereas the patients with higher alcohol consumption were admitted due to 

intoxication (12.5% versus 5.0%, p = 0.07) and alcohol-related causes (25.0% 

versus 7.4%, p = 0.002). There were no differences in ICU outcome or 28-day 

mortality between the groups (Table 10). 

Table 10. Demographics, treatment profile, and outcome of ICU-admitted patients in 

relation to previous alcohol consumption at the age of 31 [median, IQR] 

Variables Alcohol consumption in 

the highest quartile 

(n = 56) 

Alcohol consumption in 

the lower quartiles 

(n = 121) 

p-value 

Age at admission 45 [41–48] 42 [38–45] 0.003 

Gender, male/female 47/9 40/81 < 0.0001 

Alcohol consumption (g/day) 24 [18–38] 2 [1–6] < 0.0001 

SOFA score on admission 5 [3–7] 4 [2–6] 0.045 

Malignancy-related admission 

(n, %) 

2 (3.6) 17 (14.0) 0.027 

Alcohol-related admission (n, %) 14 (25.0) 9 (7.4) 0.002 

ICU LOS (days) 2.1 [0.9–4.2] 1.1 [0.9–3.0] 0.17 

ICU mortality (n, %) 1 (2.3) 7 (9.5) 0.26 

28-day mortality (n, %) 3 (5.4) 10 (8.3) 0.76* 

SMR 0.11 (0.01–0.56) 0.43 (0.19–0.85)  

* Fisher’s exact test 

IQR, interquartile range; SOFA, Sequential Organ Failure Assessment; ICU, intensive care unit; LOS, 

length of stay; SMR, standardized mortality ratio. 
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Fig. 5. Kaplan-Meier survival curve of non-ICU-admitted and ICU-admitted populations 

in relation to alcohol consumption. 

During the follow-up period, which lasted until the end of 2016, 198 (2.4%) 

subjects from the total cohort and 25 (18.4%) from the ICU-admitted population 

died. In the ICU-admitted population, the patients with alcohol consumption in the 

highest quartile had a lower SMR of 0.11 (0.01–0.56) compared with 0.43 (0.19–

0.85) in the patients with lower alcohol consumption (Table 10). The Kaplan-Meier 

survival curve shows significantly higher mortality in the ICU-admitted population 

with lower alcohol consumption compared with the non-ICU-admitted population 

(Figure 5). 

5.4 Alcohol and liver disease in intensive care (III) 

Of 250 patients with 277 ICU admissions, 95 (38.0%) were diagnosed with liver 

cirrhosis and the remaining 155 (62.0%) with other liver diseases (Table 11). The 

proportion of alcoholic liver cirrhosis was 74.7% of the liver cirrhosis group, and 

correspondingly high-risk alcohol consumption was documented in 43.2% of the 

other liver disease patients. The patients with high-risk alcohol consumption were 

younger and more often male in both groups (Table 12). 
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Table 11. Distribution of etiologies of liver disease in the ICU-admitted patients (N = 250) 

Liver disease n (%) 

Liver cirrhosis (n = 95)  

Alcoholic liver cirrhosis  71 (74.7) 

Non-alcoholic liver cirrhosis  24 (25.3) 

Other liver disease (n = 155)  

Viral or autoimmune hepatitis 37 (23.9) 

Alcohol-related liver disease: 

Alcoholic steatosis, hepatitis, and 

alcohol-induced liver failure 

26 (16.8) 

Acute liver disease 39 (25.2) 

Other liver disease: malignancies, 

accumulation diseases, and idiopathic  

hepatic insufficiencies 

53 (34.2) 

According to the SOFA scores at admission and the maximum SOFA scores, the 

patients with alcoholic liver cirrhosis were more severely ill compared with the 

patients with non-alcoholic cirrhosis (Table 12). Most of the liver cirrhosis patients 

had one or two organ dysfunctions (60.0%), but there was no difference between 

the subgroups. The most common causes of ICU admission were gastrointestinal 

diseases (24.4%), such as gastrointestinal bleeding, acute pancreatitis, and 

spontaneous bacterial peritonitis. Gastrointestinal causes were more frequent in 

other liver disease patients with high-risk alcohol consumption compared with the 

non-alcoholic subgroup (31.3% versus 9.1%, p < 0.001). There were no significant 

differences in the admission causes in the liver cirrhosis group. Liver failure itself 

comprised only 7.6% of all admissions. 

The treatment profile concerning the need for organ support, ICU LOS, and 

ICU outcome did not differ between the groups or the subgroups. A total of 46.0% 

of the patients required mechanical ventilation, and 61.6% received vasopressor 

therapy. The prevalence of RRT was 15.2% in total. The mortality rates are shown 

in Table 12, and the Kaplan-Meier survival curve is presented in Figure 6. There 

were no differences in long-term mortality between the liver cirrhosis and the other 

liver disease groups, and high-risk alcohol consumption did not have a significant 

effect on survival. In the logistic regression analysis, age (OR 1.03, 95% CI 1.00–

1.06, p = 0.035), a decrease in albumin concentration (OR for an increase in 

albumin concentration 0.94, 95% CI 0.89–0.99, p = 0.021), and the maximum 

SOFA score during the ICU stay (OR 1.12, 95% CI 1.10–1.29, p < 0.001) were 
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associated with six-month mortality. Liver failure as a cause of admission was not 

found to be statistically significant (OR 1.93, 95% CI 0.96–3.86). 

Table 12. Demographics, treatment profile, and mortality of ICU-admitted liver disease 

patients (n, %) 

Variables Liver cirrhosis 

(N = 95) 

 Other liver disease 

(N = 155) 

Alcoholic 

(n = 71) 

Non-alcoholic 

(n = 24) 

p-value  Alcoholic  

(n = 67) 

Non-alcoholic  

(n = 88) 

p-value 

Age [median, 

IQR] 

61 [53–68] 70 [61–74] 0.005  57 [44–62] 63 [39–72] 0.022 

Gender, 

male/female 

55/16 13/11 0.038  51/16 60/28 0.288 

SOFA score max 

[median, IQR] 

9 [5–13] 7 [5–9] 0.036  8 [5–13] 8 [4–13] 0.914 

Mechanical 

ventilation 

32 (45.1) 10 (41.7) 0.816  27 (40.3) 46 (52.3) 0.148 

Vasopressor 42 (59.2) 11 (45.8) 0.342  40 (60.0) 61 (69.3) 0.305 

RRT 8 (11.3) 2 (8.3) 1.0*  8 (11.9) 20 (22.7) 0.095 

ICU LOS (days) 

[median, IQR] 

1.7 [1.0–3.9] 1.7 [0.9–3.1] 0.980  1.5 [0.9–3.2] 2.0 [0.9–6.0] 0.132 

ICU mortality 10 (14.1) 3 (12.5) 1.0*  7 (10.4) 12 (13.6) 0.627 

Hospital mortality 13 (18.3) 6 (25.0) 0.557*  11 (16.4) 18 (20.5) 0.542 

30-day mortality 21 (29.6) 7 (29.2) 1.0  18 (26.9) 22 (25.0) 0.854 

90-day mortality 30 (42.3) 8 (33.3) 0.480  20 (29.9) 28 (31.8) 0.862 

6-month mortality 31 (43.7) 11 (45.8) 1.0  20 (29.9) 31 (35.2) 0.496 

1-year mortality 31 (43.7) 11 (45.8) 1.0  25 (37.3) 32 (36.4) 1.0 

Total mortality 37 (52.1) 12 (50.0) 1.0  27 (40.3) 34 (38.6) 0.869 

* Fisher’s exact test 

SOFA, Sequential Organ Failure Assessment; IQR: inter-quartile range; RRT, renal replacement therapy; 

ICU intensive care unit; LOS, length of stay. 
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Fig. 6. Kaplan-Meier survival curve of liver disease patients admitted to ICU. 

The patients with alcoholic liver cirrhosis died more often due to liver disease (56.8% 

versus 16.7%, p = 0.016), whereas in the non-alcoholic cirrhosis patients, the cause 

of death was more often malignancies (41.7% versus 13.5%, p = 0.035). 

Concerning the other liver disease group, the patients with high-risk alcohol 

consumption died most often due to cardiovascular causes (25.9%), trauma 

(22.2%), or liver disease (22.2%), although the difference was not statistically 

significant. The patients without alcohol consumption died more frequently due to 

malignancies (55.9% versus 7.4%, p < 0.001). Alcohol was recorded as a 

contributory factor in 35.9% of the deaths in all the patients with high-risk alcohol 

consumption (23 of 64 patients). 

5.5 Alcoholic cardiomyopathy (IV) 

Among the 290 SCD victims with ACM, 22.1% were diagnosed with cardiac 

disease prior to death, whereas the remaining 77.9% were not diagnosed until the 

autopsy. There were no significant differences in age or gender between the known 

and the no known cardiac disease groups. In the autopsies, the blood or urine 

ethanol concentration was positive in 46.2% of the cases, with no difference 

between the groups. Hepatic steatosis was discovered in autopsy in 94.5% and liver 
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cirrhosis in 64.5% of the victims in total. Other heart conditions were rare, with no 

differences between the groups (Table 13). 

Table 13. Medico-legal autopsy findings in SCD victims with ACM (n, %) 

Variables Known cardiac disease 

(n = 64) 

No known cardiac disease 

(n = 226) 

p-value 

Age (median, IQR) 58 [51–66] 56 [50–61] 0.139 

Male/female 54/10 187/39 0.852 

Unwitnessed death 25 (39.1) 164 (72.3) < 0.001 

Coronary artery disease 5 (7.8) 22 (9.7) 0.809 

Valvular pathologies 1 (1.6) 5 (2.2) 1.0* 

Myocarditis 0 (0) 1 (0.4) 1.0* 

Steatohepatitis 62 (96.9) 212 (93.8) 0.536 

Liver cirrhosis 43 (67.2) 144 (63.7) 0.659 

Pancreatitis 11 (17.2) 23 (10.2) 0.129 

* Fisher’s exact test 

SCD = sudden cardiac death; ACM = alcoholic cardiomyopathy. 

In the known cardiac disease group, common risk factors for cardiovascular disease 

were documented more often. Heavy drinking was recorded in 98.6% of the victims 

and an alcoholism diagnosis in 51.0% of the cases. Clinical diagnoses of other 

alcohol-related diseases, including alcoholic liver disease, liver cirrhosis, and 

pancreatitis were made in only a minority of the victims prior to death, and there 

were no significant differences between the groups. Medication was used on a daily 

basis by most of the victims and more often in the known cardiac disease group 

(Table 14). 

Table 14. Clinical history of SCD victims with ACM (n, %) 

Variables Known cardiac disease 

(n = 64) 

No known cardiac disease 

(n = 226) 

p-value 

Hypertension 39 (66.1) 28 (12.4) < 0.001 

Type II diabetes 12 (18.8) 22 (9.3) 0.029 

Hypercholesterolemia 8 (13.6) 5 (2.2) 0.001 

Heavy drinking 63 (98.4) 223 (98.7) 0.889 

Diagnosis of alcoholism 41 (64.1) 107 (47.3) 0.023 

Medication on daily basis 52 (81.3) 112 (50.0) < 0.001 

SCD = sudden cardiac death; ACM = alcoholic cardiomyopathy. 
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The crude incidence for SCD due to ACM was 2.3 (95% CI 1.9–2.9)/100 000 

person-years in the low-income communities, 2.8 (95% CI 2.3–3.3) in the middle-

income communities, and 2.4 (95% CI 1.9–2.9) in high-income communities. Most 

of the victims (57.0%) were included in the working population, 33.2% were retired, 

and only 2.0% were unemployed. The occupational factors did not differ between 

the groups. In the high-income area, the diagnosis of cardiac disease was made 

prior to death in 28.8% of the cases, as opposed to 18.6% of the cases in the low- 

and middle-income communities combined (p = 0.05). The distance to the nearest 

central hospital did not affect the rate of clinical diagnosis of cardiac disease. 
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6 Discussion 

6.1 Main findings of the thesis 

The aim of this thesis was to examine the impact of high-risk alcohol consumption 

on acute and critical illnesses. The results show that excessive alcohol consumption 

is associated with a need for intensive care, and the prevalence of high-risk alcohol 

consumption is significant amongst ICU patients. Nevertheless, patients with high-

risk alcohol consumption seem to have comparable or even better long-term 

prognosis compared with the rest of the ICU population, which is explained by less 

severe admission causes and fewer comorbidities. However, the most difficult 

situations are endured by alcoholic liver cirrhosis patients with an overall poor 

prognosis after ICU admission. Furthermore, ACM is a treacherous cardiac disease 

that predisposes patients to sudden death, and it remains an underdiagnosed 

condition, demonstrating the lack of screening of patients with known high-risk 

alcohol consumption. 

6.2 Strengths and reliability 

All the studies were conducted in the Oulu University Hospital district, which 

comprises rural and urban communities with heterogeneous populations. The 

population of the hospital district includes approximately 750 000 inhabitants. In 

addition, the referral area includes all Northern Finland when university hospital-

level treatment is required. Therefore, the study populations in this thesis represent 

the Finnish population well, and the results can be generalized to the whole nation. 

Studies I and III were based on comprehensive electronic medical records and 

extensive data collected from the ICU PDMS during the patients’ ICU stay. The 

patients had several visits to specialized health care services over time, and they 

were examined repeatedly by different clinicians. 

Study II utilized prospectively collected follow-up data from the Northern 

Finland Birth Cohort study. This type of longitudinal study setting provides a 

unique data resource and enables reliable examination of connections between 

alcohol consumption and the need for intensive care. The questionnaires utilized in 

the study were thorough, presenting reliable assessments of the subjects’ total 

alcohol consumption. According to our knowledge, this is the first study to examine 
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the association between alcohol consumption and the need for intensive care with 

prospectively collected data. 

Study IV was based on medico-legal autopsy reports with definite findings of 

structural alterations related to ACM. The clinical diagnosis of ACM can be 

demanding and even unreliable due to several confounding factors and a lack of 

specific symptoms. However, in post-mortem examinations, other causes of heart 

failure can be reliably excluded. Therefore, in Study IV, patient recognition and 

ACM diagnosis are indisputable. According to our knowledge, the present study is 

the first ACM study based on SCD victims conducted in the 21st century. 

6.3 High-risk alcohol consumption and intensive care (I, II) 

According to the results of Study I, one-third of non-trauma patients in intensive 

care have high-risk alcohol consumption, alcohol-related disorders, or an alcohol-

related ICU admission cause. This finding is in line with the majority of previous 

studies conducted in the 21st century. The previous Finnish study reported a 

comparable prevalence of 24%, which was based solely on alcohol-related 

admission causes (Uusaro et al., 2005). The most recent Finnish study reported a 

proportion of 33% with high-risk alcohol consumption screened with AUDIT 

scores and 24% screened with carbohydrate-deficient transferrin levels among an 

all-cause ICU population (Uljas, Jalkanen, Kuitunen, Hynninen, & Hästbacka, 

2020). Studies performed in the UK utilized both structured questionnaires and 

reviews of previous records and found the prevalence of high-risk alcohol 

consumption to be 25–34%, which corresponds to the present results (Geary et al., 

2012; McPeake et al., 2015; Mostafa & Murthy, 2002; Stewart et al., 2019). Studies 

including only patients with diagnosed alcohol dependence or analyzing only 

directly alcohol-related admission causes have reported a lower prevalence of 7–

12% (Christensen et al., 2012; Larkin & Fagan, 2015; Lynch et al., 2017; McKenny 

et al., 2010). 

Cultural factors should also be considered when interpreting the results. 

Alcohol consumption has been found to be highest in Western countries with 

economic wealth, especially in Northern and Central Europe and the United 

Kingdom (GBD 2016 Alcohol Collaborators, 2018; WHO, 2018). Nevertheless, 

alcohol-related harm has been reported to be highest in societies with 

socioeconomic deprivation (GBD 2016 Alcohol Collaborators, 2018; WHO, 2018). 

The majority of previous studies focusing on alcohol-related problems in ICU 

settings have been conducted in countries and societies with high alcohol 
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consumption, and thus the situation may vary between European countries and 

especially globally. 

All in all, the present results are in agreement with prior international studies 

with a similar definition of alcohol-related intensive care. Approximately one-third 

of intensive care patients are linked to high-risk alcohol consumption, which is a 

considerable volume in relation to the limited number of ICU beds and resources. 

6.3.1 Association between alcohol consumption and the need for 

intensive care 

A novel finding was that higher alcohol consumption at the age of 31 years was 

associated with a later need for intensive care in an 18-year follow-up period (II). 

This was the first study to examine this association with prospectively collected 

data. A noteworthy finding was that the amount of alcohol consumption did not 

reach the national high-risk consumption limits, but an association with intensive 

care admissions was observed in alcohol consumption that exceeded a daily intake 

of one standard unit. It could be hypothesized that the risk profile of alcohol-related 

disorders might be a continuum, and even middle-risk consumption might increase 

the risk of alcohol-related harm. Similar findings have been reported previously in 

several studies, suggesting that the declaration of safe amounts of alcohol 

consumption is challenging (Bergmann et al., 2013; GBD 2016 Alcohol 

Collaborators, 2018; Goulden, 2016). However, it should be noted that the amount 

of alcohol consumption generally varies over time, with the highest consumption 

detected in young adults in the Finnish population (Mäkelä, 2018). In addition, 

considering the present study, the subjects with the highest alcohol consumption 

might have been lost from follow-up, influencing the distribution of alcohol intake 

in this cohort. 

6.3.2 Treatment profile 

In Studies I and II, the ICU admission causes varied significantly between patients 

with and without high-risk alcohol consumption. Intoxication and alcohol-related 

admission causes, such as alcoholic liver disease, were more common in patients 

with high-risk alcohol consumption in both study populations. Malignancies, 

cardiovascular causes, and neurological diagnoses were more frequent in patients 

without high-risk alcohol consumption, and the same phenomenon was observed 

in both the ICU cohorts of Studies I and II. 
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Uusaro et al. found that in patients with alcohol-related admissions, the admission 

cause was most often for a neurological reason or for intoxication, and the non-

alcoholic patients were admitted twice as often due to respiratory or circulatory 

failure (Uusaro et al., 2005). Correspondingly, Christensen et al. reported that 

trauma, intoxication, and gastrointestinal causes were more frequent in alcoholic 

patients, whereas non-alcoholic patients suffered more often from cancer and 

cardiovascular diseases (Christensen et al., 2012). According to Geary et al., one-

third of ICU patients with alcohol-related admissions were admitted due to acute 

alcohol intoxication (Geary et al., 2012). These studies are in line with the present 

studies (I and II), demonstrating the difference in admission causes between 

patients with and without high-risk alcohol consumption. 

According to the causes of admission and the maximum SOFA scores in 

Studies I and II, the patients with high-risk alcohol consumption suffered from 

more severe organ dysfunctions compared with patients without high-risk alcohol 

consumption. However, in Study I, the alcohol group also had lower GCS scores, 

indicating a lower state of consciousness, but the difference in SOFA scores 

remained even when GCS scores were excluded from the calculation. Comparison 

of APACHE II scores between the groups showed no significant differences, 

supporting similar findings from previous studies (Geary et al., 2012; Lynch et al., 

2017; Uusaro et al., 2005). Interestingly, high SOFA scores were not associated 

with the outcome, suggesting that organ dysfunctions in patients with high-risk 

alcohol consumption might be reversible. In addition, no significant differences 

were found in the need for organ support, such as mechanical ventilation, 

vasopressor therapy, or RRT, between the study groups. The patients with high-risk 

alcohol consumption were younger and had less severe comorbidities, which might 

explain the tendency to recover from organ dysfunctions. Additionally, previous 

studies have shown that alcohol and drug poisoning are ameliorative conditions 

with low rates of complications and mortality (Brandenburg et al., 2014; Liisanantti 

et al., 2011). Higher rates of poisoning as an admission cause in alcoholic patients 

might explain the difference in SOFA scores, and, similarly, assessment of disease 

severity might be biased when the patient is severely intoxicated while first 

evaluated when admitted to the ICU. 

6.3.3 Outcome and mortality 

The median ICU LOS was approximately two days in Studies I and II, with no 

differences between patients with and without high-risk alcohol consumption. 
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Correspondingly, there were no significant differences in ICU outcomes, with 

median mortality rates of 7–8% in the present cohorts. Similar results have been 

reported by several previous studies (Geary et al., 2012; Lynch et al., 2017; 

McPeake et al., 2015; Uusaro et al., 2005). However, Stewart et al. (2019) found 

longer ICU stays in alcohol-dependent patients due to a higher frequency of 

delirium and agitation, which required prolonged sedation. 

In the one-year follow-up period after ICU discharge, a lower mortality rate of 

28.0% was discovered in the patients with high-risk alcohol consumption compared 

with 35.1% in the patients without. Correspondingly, in Study II, the SMR was 

significantly lower in patients with higher alcohol consumption. This surprising 

finding might be explained by the differences in admission causes between the 

groups. This interpretation is supported by the results from the additional analysis, 

in which the exclusion of patients with intoxication as the admission cause resulted 

in no difference in one-year mortality between the alcoholic and the non-alcoholic 

groups. In addition, the study population (II) is singular, comprising subjects 

admitted to ICU under the age of 50 years, which might bias the SMR calculations. 

However, these findings are in line with previous studies also showing similar 

survival benefits in patients with uncomplicated alcohol-related disorders 

(Christensen et al., 2012; Geary et al., 2012; Lynch et al., 2017; Uusaro et al., 2005). 

Conversely, some prior studies have reported higher mortality in patients with 

alcohol-related disorders compared with the rest of the ICU population, especially 

in cases of sepsis or chronic alcohol-related complications (Christensen et al., 2012; 

Marik & Mohedin, 1996; McKenny et al., 2010; McPeake et al., 2015; Mostafa & 

Murthy, 2002). McPeake et al. (2015) and Christensen et al. (2012) have linked 

liver cirrhosis to poor ICU outcomes, and in the present study (I), the highest 

mortality rate was observed in patients with alcohol-related liver disease (59.3%). 

However, the proportion of alcohol-related liver disease in this cohort was not 

substantial enough to affect total mortality in the alcoholic group. The patients 

without high-risk alcohol consumption in the present studies suffered more often 

from severe chronic diseases, such as malignancies, cardiovascular diseases, and 

immunosuppression, which might mask the true mortality related to alcohol 

consumption. 
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6.4 High-risk alcohol consumption in liver disease patients (III) 

6.4.1 Treatment profile 

The patients with alcoholic liver cirrhosis in Study III suffered from more severe 

organ dysfunction based on their SOFA scores during their ICU stay, whereas no 

differences in SOFA scores were found in the other liver disease group. 

Nevertheless, the need for organ support differed neither between the subgroups of 

the other liver disease group nor between the alcoholic and the non-alcoholic 

cirrhosis groups. A similar phenomenon was also observed among the patients with 

high-risk alcohol consumption in Studies I and II. 

Gastrointestinal causes, including gastrointestinal bleeding, pancreatitis, and 

peritonitis, were the most common admission causes, as demonstrated in prior 

studies (Gildea et al., 2004; Levesque et al., 2012; Weil et al., 2017). Liver failure 

as an admission cause was rather infrequent in this all-cause ICU population. 

According to the present results, liver disease patients are often admitted to the ICU 

due to various non-hepatic causes or extrahepatic complications of liver disease, 

such as variceal bleeding. This finding is in line with previous studies focusing on 

all-cause admissions (Cholongitas et al., 2006; Das et al., 2010; Lone, Lee, & Walsh, 

2019; Warren et al., 2017). Common admission causes, according to these studies, 

were infections such as pneumonia and sepsis, together with respiratory and renal 

failure, as in the present cohort. 

6.4.2 Outcome and long-term mortality 

The overall mortality was high: nearly 40% of the patients died during the one-year 

follow-up period after ICU discharge. This mortality rate is significant in 

comparison, for instance, with ICU-treated acute alcoholic pancreatitis with a 

similar 40% mortality rate in a far longer 10-year follow-up period (Karjula et al., 

2019). Notably, the patients were most often middle-aged men who died from liver 

disease. 

There were no differences between the groups or subgroups in ICU outcome 

or hospital mortality. In long-term follow-up, the 1-, 3-, and 6-month mortality rates 

did not differ between the groups. In the logistic regression analysis, the patients’ 

age, low albumin concentration, and high SOFA scores were associated with 6-

month mortality. Correspondingly, previous studies on liver disease patients have 

associated age, high SOFA scores, and low albumin levels with higher mortality 
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rates (Cholongitas et al., 2006; Das et al., 2010; Lone, Lee, & Walsh, 2019). 

Albumin levels might reflect liver function as well as nutritional status and 

therefore be linked with mortality. Interestingly, the analyses hinted that liver 

failure as an admission cause might be associated with almost twofold odds for 

mortality, but the result was not statistically significant, possibly due to the small 

sample size. 

In addition, the etiology of cirrhosis or patients’ high-risk alcohol consumption 

did not have an effect on the one-year or total mortality rates during the follow-up 

period. However, in the present study, the current alcohol consumption in alcoholic 

cirrhosis patients was not confirmed, and thus some of the patients may have 

succeeded in abstinence, decreasing the group mortality. Comparable survival rates 

between alcoholic and non-alcoholic liver cirrhosis have been reported previously, 

suggesting that alcohol consumption might not be associated with increased 

mortality (Das et al., 2010; Frohlich et al., 2014; Warren et al., 2017; Weil et al., 

2017; Wiegand et al., 2012). Opposing results in different study settings have been 

reported previously by Lone et al. (2019) and Santos et al. (2018), who reported 

higher mortality in alcoholic cirrhosis patients compared with the general ICU 

population, and by Younossi et al. (2019), who found that alcohol consumption was 

associated with increased mortality in fatty liver disease patients. However, in these 

study populations, the rate of infections and the need for mechanical ventilation, 

both linked with increased mortality, were higher compared with the present study 

(Cholongitas et al., 2006; Das et al., 2010; Juneja et al., 2009; Kavli et al., 2012; 

Levesque et al., 2012). Correspondingly, the need for RRT, which indicates a poor 

prognosis, was modest in this cohort (Cholongitas et al., 2006; Juneja et al., 2009; 

Mackle et al., 2006). 

One-third of the patients were admitted due to gastrointestinal causes, such as 

variceal bleeding, with a good prognosis (Austin & Shawcross, 2008; Cholongitas 

et al., 2006; Weil et al., 2017). Furthermore, the causes of death revealed that 

patients without high-risk alcohol consumption often suffered from malignancies 

and chronic diseases, which might even out mortality rates and mask the impact of 

alcohol consumption on long-term prognosis. 

6.4.3 Causes of death 

The causes of death differed significantly between the study groups in the present 

study. The patients with alcoholic liver cirrhosis died most often due to liver disease. 

In patients with high-risk alcohol consumption in the other liver disease group, the 
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most common causes of death were cardiovascular causes and trauma. Moreover, 

alcohol contributed to a significant proportion (30–40%) of the deaths. This finding 

highlights the significance of alcohol consumption for these patients’ long-term 

outcomes. 

Approximately one-half of the non-alcoholic patients in both groups died due 

to various malignancies. The high prevalence of malignant diseases with a poor 

prognosis might explain the similar mortality rates between patients with and 

without high-risk alcohol consumption in the present cohort. 

6.5 Alcoholic cardiomyopathy (IV) 

6.5.1 Clinical characteristics 

The SCD victims with ACM were most often men and aged between 50 and 66 

years, according to the results from Study IV. As shown before, men with ACM 

have a more pronounced risk of death compared with women, even though the 

estimated prevalence of the disease does not differ between genders (Kupari & 

Koskinen, 1993; Manthey et al., 2018; Mirijello et al., 2017). The pathophysiologic 

basis for this difference remains unclear. 

Heavy alcohol consumption was recorded in 98.6% of the victims, and alcohol 

dependence was diagnosed in half the victims prior to death. In addition, laboratory 

samples indicated that almost half the victims were under the influence of alcohol 

at the time of death. The prevalence of alcohol-related liver disease was substantial, 

with over 90% of the victims having at least steatohepatosis in autopsy. In the 19th 

century, Bollinger (1884) showed that ACM patients often suffer from other 

alcohol-related conditions, such as delirium and cirrhosis (Bollinger, 1884). 

Besides ACM, steatohepatitis and liver cirrhosis were undiagnosed and untreated 

conditions found in this cohort. 

6.5.2 Socioeconomic factors 

Interestingly, most of the victims were included in the working population, and only 

2.0% of the victims were unemployed. Generally, high-risk alcohol consumption 

has been linked with socioeconomic deprivation, which is challenged by the present 

results. The crude incidence of ACM was slightly higher in the middle-income 

areas compared with the low- and high-income areas. This might be explained by 
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regional differences, as most of the population in the rural areas is included in the 

middle-income class. Alcohol consumption might be more pronounced in rural 

areas, as shown by a previous Finnish study that reported a higher incidence of fatal 

ethanol intoxication in rural areas compared to urban districts (Koskela et al., 2017). 

In the high-income areas, the prevalence of known cardiac disease prior to 

death was significantly higher than in the middle- and low-income areas in the 

present study. The population in high-income areas might be more inclined to seek 

medical advice and participate in provided health examinations. Conversely, 

medical services might also be more available to a high-income population, for 

instance in the form of private health care. The distance to the nearest hospital did 

not affect the rate of cardiac diagnosis prior to death, suggesting that residence in 

urban or rural areas has no significant impact on the availability of screening for 

alcohol-related diseases. 

6.5.3 Screening 

In Finland, the working population is entitled to occupational health care with 

regular health examinations. Therefore, potential screening and intervention 

opportunities would have been provided to recognize ACM patients. However, only 

22.1% of the sudden cardiac death victims had been diagnosed with heart disease 

prior to death, even though 98.6% of the victims were recognized as heavy drinkers. 

Early diagnosis of ACM is challenging due to a long asymptomatic disease course, 

and when heart failure symptoms occur, the risk of mortality has already increased 

(Fang et al., 2018; Prazak et al., 1996). Therefore, systematic screening of patients 

with high-risk alcohol consumption is essential to recognize these patients in time 

to prevent progression to end-stage heart failure or sudden death due to malignant 

arrhythmias (Lazarevic et al., 2000). 

According to the present findings, public health care currently fails to discover 

a remarkable proportion of patients with alcohol-related diseases. Manthey et al. 

(2018) suggested that ACM might still be an underdiagnosed condition, and the 

present results support this hypothesis. Furthermore, steatohepatitis and liver 

cirrhosis were also underdiagnosed in this patient cohort, underlining the failure to 

recognize patients with severe alcohol-related diseases. The lack of screening might 

be due to patients’ reluctance to seek medical advice or commit to follow-up or 

treatment, but patients with alcohol-related health problems might also be more 

susceptible to prejudice and stigma in health care (Corrigan et al., 2014; Mays, 

Jones, Delany-Brumsey, Coles, & Cochran, 2017). 
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The overall prevalence of ACM in the SCD data was rather low. However, the 

difficulties in the detection of ACM may mask the true ACM-related mortality, as 

some deaths without autopsy might be misclassified. A notable finding is that the 

patients in the present study were in the working-age population, with many high-

quality years of life ahead. Thus, systematic screening and active treatment of these 

patients are well founded from both a humane and a social perspective. 

6.6 Limitations 

The retrospective study design in all the studies can be regarded as a limitation of 

this thesis. Due to the study design, the patients were neither interviewed nor 

examined for these particular studies, and the clinicians’ evaluations were not 

directly aimed at the study objectives. This resulted in cases of missing data or 

exclusions due to a lack of reliable information concerning high-risk alcohol 

consumption or the nature of the liver disease. In Study IV, the factors influencing 

the lack of clinical diagnosis of ACM were not examined separately. 

In Finland, the total number of liver cirrhosis and ACM patients is low due to 

the small overall population, in contrast to international studies. Oulu University 

Hospital is the only university hospital in Northern Finland, but the number of 

patients with less common diseases remains modest. Therefore, the study 

populations in this thesis were rather small, which should be noted when comparing 

the results with larger cohorts. In addition, Studies I, II and III included ICU data 

only from Oulu University Hospital and some of the patients might have been 

hospitalized elsewhere as well. 

The recognition of high-risk alcohol consumption was based on the treating 

physicians’ assessments documented in medical records in Studies I, III, and IV. 

This can be regarded as a limitation, since the exact alcohol intake on a weekly 

basis was often undocumented. Furthermore, no alcohol screening questionnaires, 

such as the AUDIT questionnaire, were recorded during the ICU stay, which 

implies a lack of structured screening of alcohol consumption in clinical practice. 

At the same time, the general assessment of alcohol consumption was based on 

patients’ own reports, which can be regarded as a source of bias. As previously 

reported, patients tend to underestimate their own alcohol consumption, especially 

when it does not reach the level of dependence (Buchsbaum et al., 1995; Midanik, 

1988). This should be taken into account when interpreting the results. However, 

this limitation is included in most alcohol-related studies, since only a few studies 

have utilized objective measurements of alcohol consumption. In addition, in Study 
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II, participation in the birth cohort’s regular follow-ups is demanding, and therefore 

a proportion of the subjects with the highest alcohol intake might have been lost 

during the study due to dropping out. Moreover, the alcohol intake was recorded 

only at the baseline, and it is possible that the study subjects’ alcohol consumption 

habits may have altered during the follow-up. 

Alcohol-related harm is influenced by several factors, not only the amount of 

alcohol intake. These underlying factors, such as genetic and metabolic factors and 

nutritional status, were not controlled for in these studies. In any case, poor 

nutritional status, for example, is often also a consequence of excessive alcohol 

consumption, and therefore, the true beginning of this vicious cycle can be difficult 

to determine. In addition, controlling these predisposing factors demands extensive 

laboratory tests, which are rarely utilized in common clinical practice. 

6.7 Clinical significance 

The prevention and efficient treatment of alcohol-related health problems could 

reduce the utilization of limited ICU resources and, moreover, reduce alcohol-

related deaths. As several studies have stated, enhanced intervention for alcohol 

consumption reduces ED visits in particular, for instance for recurrent pancreatitis 

(Buchsbaum et al., 1995; Ettner et al., 2014; Midanik, 1988; Nordback et al., 2009; 

Schwan R et al., 2012; Wei et al., 2015). In Study I, one-third of costly ICU 

treatment periods were related to high-risk alcohol consumption, and prevention of 

even some of these admissions would bring a significant reduction in resource 

utilization. Most of the patients with alcohol-related conditions in the present study 

groups were young, working-age men included in the working population. The 

reduction of this age group’s morbidity and mortality is well founded in every 

aspect. 

Patients with high-risk alcohol consumption may suffer from various milder 

conditions, such as hypertension, nutritional deficits, gastrointestinal problems, 

insomnia, anxiety, and depressive episodes, which may not be easily detected as 

alcohol-related (Schuckit, 2009). These conditions may be present long before 

severe organ complications have developed, and detection of high-risk alcohol 

consumption at this point could be effective in terms of preventing critical alcohol-

related diseases. 

To improve prognosis and prevent alcohol-related deaths, the health care 

system’s focus should be directed at screening for high-risk alcohol consumption 

and early detection of alcohol-related diseases. Structured screening questionnaires 
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are rarely utilized, especially in specialized health care, even though heavy drinking 

is documented. The questionnaire itself could be the first intervention for high-risk 

alcohol consumption, and the findings could lead to supportive measures and more 

efficient treatment of alcohol dependence. Active screening of organ complications 

related to high-risk alcohol consumption would enable the early initiation of 

treatment and slow disease progression. Moreover, early diagnosis of alcohol-

related disease might have a significant psychological effect on patients’ motivation 

for abstinence. 

Alcohol abstinence is the only treatment that slows the progression of alcoholic 

liver cirrhosis and improves the prognosis in these patients (Tsochatzis et al., 2014). 

These patients are recurrently hospitalized due to decompensating events, which 

can be provoked by continuing alcohol intake with sequelae of poor nutritional 

status, dehydration, and inflammatory response (Baki & Tapper, 2019; Tsochatzis 

et al., 2014). Cessation of alcohol consumption would reduce hospitalization and 

improve the quality of life in liver cirrhosis patients. 

Alcohol abstinence is also the cornerstone of treatment in ACM, aiming to stop 

the deterioration and even gain recovery of cardiac function when it succeeds 

(Guillo et al., 1997; La Vecchia et al., 1996; Regan et al., 1969). Moreover, early 

medical treatment for ACM can slow the negative remodeling of the cardiac muscle 

and prevent malignant arrhythmias (Ponikowski et al., 2016; Priori et al., 2015; 

Ram et al., 2018). The lack of medical treatment, especially betablockers, has been 

associated with an increased mortality risk (Guzzo-Merello, Dominguez et al., 

2015; Guzzo-Merello et al., 2015; Mirijello et al., 2017). According to Ram et al. 

(2018), the most common cause for hospitalization of ACM patients is acute heart 

failure; therefore, optimal medical treatment might also reduce recurrent 

hospitalizations in these patients. 

6.8 Future studies 

The present findings raise some questions for further research. Future interests 

include the utilization of health care resources for patients with high-risk alcohol 

consumption prior to ICU admission as well as after ICU discharge. One aim would 

be to examine possible screening and intervention opportunities before ICU 

admission and to determine the nature of health care visits in this patient group. 

Another aim would be to examine whether high-risk alcohol consumption increases 

morbidity and utilization of health care resources after ICU discharge.  
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In the present thesis, most of the patients were working-age, but elderly 

patients might be more prone to alcohol-related harm due to alterations of 

metabolism and the presence of other comorbidities. Polypharmacy is common 

among elderly patients, and even moderate alcohol consumption may predispose 

them to unexpected side effects and lead to neglect of regular medication. In 

addition, alcohol intoxication increases the risk of falls, and even minor trauma can 

lead to fractures and prolonged hospitalizations in the elderly population. The 

alcohol consumption of the elderly population has been increasing, but recent 

research on this patient group is scarce. A future interest would be to examine the 

impact of high-risk alcohol consumption on ED visits by the elderly population. 

The hypothesis is that alcohol consumption might be an underlying factor in a 

significant proportion of falls and contribute to a weakened general condition. 

Additionally, alcohol consumption might be a contributory factor in the acute 

deterioration of chronic diseases. 

The present results showed that ACM is an underdiagnosed condition among 

the SCD population, and most of the victims with ACM also had autopsy findings 

of liver cirrhosis. A future interest would be to screen patients hospitalized with 

alcoholic liver cirrhosis with no known heart disease for the presence of ACM. An 

echocardiography study could be performed during the hospital stay to assess left 

ventricular size, function, and early signs of developing heart failure. The 

hypothesis is that a significant proportion of asymptomatic alcoholic liver cirrhosis 

patients might have mild alterations in cardiac function. 

6.9 Summary of the thesis 

The present thesis has demonstrated that high-risk alcohol consumption 

predisposes patients to critical illnesses and an increased need for intensive care. 

The prevalence of high-risk alcohol consumption among the ICU population is 

substantial, and these patients present with more severe organ dysfunctions but less 

severe admission causes compared with patients without high-risk alcohol 

consumption. Organ dysfunctions seem to be reversible, and patients with high-risk 

alcohol consumption have better survival after ICU discharge due to their younger 

age and fewer comorbidities. 

Alcohol-related diseases, such as liver cirrhosis and ACM, are chronic and 

progressive conditions that should be detected early to prevent symptomatic end-

stage disease and mortality. At present, systematic screening of high-risk alcohol 

consumption is lacking, and a significant proportion of ACM remains undiagnosed. 
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The overall mortality of alcoholic liver cirrhosis patients is still high, especially 

when they need intensive care, and most of these patients eventually die due to liver 

disease. In addition, alcohol consumption is a frequent contributory factor to death 

overall in patients with high-risk alcohol consumption. The focus should be on 

screening and preventive measures for alcohol-related disorders to prevent alcohol-

related morbidity, ICU resource utilization and mortality, especially in the working-

age population. 
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7 Conclusions 

1. One-third of the ICU-admitted patients had a history of high-risk alcohol 

consumption, according to the clinicians’ evaluations. In the one-year follow-

up period, mortality was lower among patients with alcohol-related health 

problems compared with those without, which is explained by less severe ICU 

admission causes and fewer comorbidities. (I) 

2. Alcohol consumption  11 g/day at the age of 31 years was associated with a 

later need for intensive care. The patients with higher alcohol consumption 

were more often admitted to the ICU due to alcohol-related causes, and 

mortality in the long-term follow-up period was lower compared with the 

patients without high alcohol consumption. (II) 

3. Alcohol consumption did not affect the treatment profile or outcome of the 

liver disease patients admitted to the ICU. The overall mortality after ICU 

discharge in this patient group was high, and the patients with alcoholic liver 

cirrhosis died frequently due to liver disease. (III) 

4. Only 22.1% of the SCD victims with ACM had been diagnosed with cardiac 

disease prior to their death despite their documented high-risk alcohol 

consumption. The majority of the victims were included in the working 

population. (IV) 
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