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3. ABBREVIATIONS
Throughout the thesis, the following abbreviations are used.
Abbreviations
RCT

Randomised Controlled Trial

GSP-A

Gold Standard Programme for Alcohol cessation intervention

WHO

World Health Organization

ICD-10

International Classification of Diseases, version 10

AUDIT-C

Alcohol Use Disorder Identification Test – Consumption

TLFB

Time Line Follow Back

ASA

American Society of Anesthesiologists

HPA

Hypothalamic-Pituitary-Adrenocortical axis

ACTH

Adrenocorticotrophic Hormone

BI

Brief Intervention

TAU

Treatment As Usual

DFDB

Danish Fracture Database

OTA/AO-Classification

Orthopaedic Trauma Association / American Orthopaedic Classification

LOS

Length Of Stay

ITT

Intention To Treat

HRQoL

Health related quality of life

GRADE

Grading of Recommendations Assessment, Developing and Evaluation

CO

Carbon monoxide

DRG

Diagnosis related groups

BFH

Bispebjerg-Frederiksberg Hospital

HVH

Hvidovre Hospital
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4. ENGLISH SUMMARY
Risky consumption of alcohol is a global burden. Patients who overuse alcohol are overrepresented
in emergency departments and surgical wards. These patients have an increased risk of
postoperative complications together with prolonged hospital stays and admissions to intensive care
units after surgery.
In elective surgery, preoperative alcohol cessation interventions can reduce postoperative
complications. To date, no studies have investigated the effect of intensive alcohol cessation
intervention at the time of acute surgical emergency procedures on postoperative complications.
The purpose of this thesis is to establish new evidence on the prevention of complications in acute
surgical patients with risky alcohol intake.
The thesis was based on two studies described in four papers. The first study was a randomised
controlled trial (RCT) – the Scand-Ankle study – that aimed to evaluate the effects of a gold
standard programme for alcohol cessation intervention (GSP-A) in the perioperative period on
postoperative complications and alcohol intake, which are described in a protocol (paper I) and at
6-week follow-up (paper II) and 1 year follow-up (paper III). The second study was a systematic
review with the objective assessing the effect of perioperative alcohol cessation interventions on the
rate of postoperative complications and postoperative consumption of alcohol.
In paper II, the GSP-A showed a significant effect on successful cessation of alcohol in the 6-week
perioperative period (51% vs. 14%; p=0.001), but it did not significantly change the complication
rate (42% vs. 34%; p=0.49) or costs (€8,279 vs. €9,320; p=0.63) after trauma surgery.
In paper III, at the 1-year follow-up, the participants had relapsed to their previous drinking habits,
and both the intervention and control groups reported a high complication rate of 46% in the GSP-A
group versus 55% in control group (p=0.47).
The systematic review (paper IV) included three RCTs. These RCTs evaluated intensive alcohol
cessation interventions of four to twelve week duration given to participants undergoing different
types of surgical procedures with the aim of complete alcohol cessation prior to surgery. All three
studies showed a significant effect on the number of participants with alcohol cessation in the
intervention groups. There was a moderate quality of evidence for the effect of the intensive alcohol
cessation interventions on postoperative complications.
Generalisation of the results of the Scand-Ankle study and systematic review should be considered
carefully because they included relatively few participants, and the intervention studies were
performed in a Danish population, which may differ from other populations in other countries.
It is important that the surgical staff identify patients who are vulnerable during surgery to inform
them of their increased risk of developing postoperative complications. We need to rethink the
strategy for acute surgery in patients with risky alcohol intake to reduce their high risk of
postoperative morbidity.
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5. DANSK RESUMÉ
Risikabelt indtag af alkohol udgør et globalt problem og en økonomisk byrde. Patienter med et
overforbrug af alkohol er overrepræsenterede i skadestuerne, akutmodtagelser og på kirurgiske
sengeafsnit. Disse patienter har en øget risiko for at udvikle postoperative komplikationer, øget
risiko for forlænget hospitalsindlæggelse og overflyttelse til intensiv afdeling efter kirurgi.
Indenfor elektiv kirurgi kan preoperativt alkohol stop reducere postoperative komplikationer. Ingen
studier har tidligere undersøgt effekten på postoperative komplikationer efter et intensivt alkohol
stop i forbindelse med akutte kirurgiske procedurer.
Formålet med denne afhandling er at etablere ny viden om forebyggelse af komplikationer hos
patienter med et overforbrug af alkohol, som skal undergå akut kirurgi.
Denne afhandling er baseret på to studier beskrevet i fire artikler. Det første studie er et
randomiseret kontrolleret studie, Scand-Ankle studiet, hvis formål er at evaluere effekten af et guld
standard program for alkohol stop i den perioperative periode. Det omhandler postoperative
komplikationer og alkohol indtag, beskrevet i en protokol (artikel I), ved 6 ugers opfølgning af
patienterne (artikel II) og ved opfølgning efter 1 år (artikel III). Det andet studie er et systematisk
review med det formål at evaluere effekten af perioperativ alkohol stop på raten af postoperative
komplikationer og postoperativ alkoholindtagelse.
I artikel II viser det intensive alkohol stop program en signifikant effekt i den 6 ugers perioperative
fase (51% vs. 14%; p=0,001), men det påvirkede ikke komplikationsraten signifikant imellem de to
grupper efter traume kirurgi (42% vs. 34%; p=0,49) eller økonomien (€8,279 vs. €9,320; p=0.63). I
artikel III ved 1-års opfølgningen havde patienterne genoptaget deres gamle drikkevaner. Både i
interventionsgruppen og i kontrolgruppen var der høje komplikationsrater på hhv. 46% i
interventionsgruppen og 55% i kontrol gruppen (p=0.47).
I det systematiske review (artikel IV) blev tre randomiserede studier inkluderet. Alle tre studier
inkluderede alkohol stop intervention givet til patienter i fire til tolv uger i forbindelse med visse
former for kirurgiske indgreb med totalt alkoholstop i sigte. Alle studier viste en signifikant effekt
på antallet af patienter i interventionsgruppen, som holdt op med at drikke efter alkohol stop
interventionen. Yderligere viste reviewet med en moderat kvalitets evidens, at patienter, som
modtager alkohol stop i fire til otte uger før operation, kan reducere antallet af komplikationer.
Man bør nøje overveje, inden man generaliserer resultaterne fra Scand-Ankle studiet og fra det
systematiske review. Begge studier har et lavt antal inkluderede patienter og er desuden udført i
Danmark. Resultaterne kan derfor være anderledes i andre lande.
Det er vigtigt, at det kirurgiske personale identificerer denne gruppe af patienter, så de bliver
informeret grundigt om deres øgede risiko for at udvikle komplikationer relateret til deres
overforbrug af alkohol. Vi må genoverveje, hvilken strategi, der er den rette ved akut kirurgi hos
patienter med et overforbrug af alkohol, for at reducere deres øgede risiko for at udvikle
postoperative komplikationer.
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6. A BRIEF INTRODUCTION AND OVERALL AIM OF THIS THESIS
Excessive alcohol intake is a worldwide problem, the consequences – personal as well as for the
society – of which are tremendous.1,2 Excessive alcohol intake is also associated with a poorer
outcome after surgery.3 This group of patients has increased risks for developing postoperative
complications, prolonged hospital stay and admission to the intensive care unit compared with
abstainers or low-risk drinkers.4
Previous randomised trials have shown that intensive alcohol cessation intervention for four to
twelve weeks preoperatively halved the complication rate.5 This would not be possible among
emergency patients.
No studies have investigated whether trauma patients with risky alcohol intake and a need for acute
surgery would benefit from a perioperative alcohol cessation intervention initiated at the time of
hospitalisation and continued for 6 weeks postoperatively.
The overall aim of this thesis is to evaluate the effect of perioperative alcohol cessation intervention
on the rate of postoperative complications – both short and long-term – among acute surgical
patients with risky alcohol intake.
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7. BACKGROUND
Alcohol – the big picture
From the beginning of human recorded history, alcohol has been part of our culture.1 Alcohol has a
major impact on health. The World Health Organization (WHO) estimates that every year, 3.3
million deaths are due to the overuse of alcohol, accounting for 5.9% of all cases of death per year.6
More than 76 million people suffer from alcohol dependency worldwide.7
More than 40 medical conditions are related to alcohol,8 including several types of cancer, epilepsy,
alcohol dependency, hypertension, haemorrhagic stroke and liver cirrhosis, as well as psychiatric
comorbidities.8 (Figure 1)

Figure 1. Damage from the overuse of alcohol. With the courtesy of ‘Klinisk Enhed for sygdomsforebyggelse’ 2003.

The international classification of diseases, version 10 (ICD-10), includes over 200 codes for
diseases and injuries with alcohol intake as a component. Thereby, alcohol intake causes increased
morbidity, hospitalisation, prolonged disability and mortality.6,9 Alcohol plays an important role in
accidents, especially death-accidents; therefore, patients, with risky alcohol intake are
overrepresented in emergency settings.10-15
In Denmark, more than 17% of the population over the age of 15 years has an alcohol intake above
the recommended amount (defined as more than 14/7 units of alcohol per week for men and
women) and 6.9% has an excessive alcohol intake (defined as more than 21/14 units for men and
women).16 In recent decades, the intake of alcohol per person has remained unchanged at
approximately 11 to 12 litres of ethanol per year.17 Approximately 140,000 persons in Denmark are
addicted to alcohol.17 Alcohol accounts for more than 5.5% of all cases of death in Denmark.17
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Definitions
There are different ways to categorise high alcohol intake and the definitions have changed over
time. One definition of alcohol overuse is provided by the WHO.18 A harmful use is defined as
alcohol use that is causing physical or mental damage to health, while alcohol dependence
syndrome involves three or more of six specific symptoms over one year, i.e., craving, loss of
control of intake, withdrawal symptoms, tolerance, neglecting obligations, and persistent drinking
despite harmful consequences.18 The definition of excessive intake includes the quantity and
frequency, but the WHO has no clear definition, and the threshold differs among countries.19 The
previous Diagnosis and Statistical Manual of Mental Disorders (DSM-IV) from 1994,20 required 3
of 7 symptoms, while the updated (DSM-V) from 201321 now has a broader definition of substance
or alcohol use disorder defined by 2 of 11 symptoms, thereby better reflecting the wide spectrum of
alcohol overuse. In most countries, the National Boards of Health have recommended drinking
limits for prevention of alcohol abuse.22,23 Risky drinking can also be defined as consumption above
these limits.
In Denmark, the recommendations have been updated recently to 7 drinks per week for women and
14 for men.22 One Danish unit of alcohol is equivalent to 12 g of ethanol, which equals one beer or
a small glass of wine. As a surgical risk factor and in this thesis, the term risky alcohol intake is
used for consumption exceeding 2 drinks per day, which for pragmatic reasons means 3 drinks or
more per day or 21 units or 252 g/week of ethanol for both men women.
Time Line Follow Back (TLFB)24 evaluates the daily drinking of individuals by asking systematic
questions about alcohol consumption daily, in the prior week, and whether that consumption is
representative of the last three months.25-27
The Alcohol Use Disorder Identification Test (AUDIT) is often recommended for the identification
of risk for alcohol abuse problems. The WHO developed the AUDIT, which consist of 10 questions
about alcohol use and consequences over a lifetime.28 A shorter form includes only three questions
on consumption (AUDIT-C)29 and for the prior year only. Still, it is more relevant to identify
present consumption at the time of the operation because this information goes beyond the AUDIT
results and correlates with the complication rate.30,31 Part of the explanation could be that the
AUDIT overlooks whether patients have recently stopped drinking. Never the less, to compare
other studies to this thesis, we have characterised the participants by the AUDIT in addition to
TLFB.
Alcohol as a risk factor at surgery
Alcohol is the most frequent lifestyle risk factor that influences the outcome after surgery - together
with smoking.32 Earlier studies have been inconsistent regarding the association of preoperative
alcohol use and the development of postoperative complications. Studies with major cohorts and a
review with a meta-analysis including 55 studies with 1.2 million patients have shown that alcohol
overuse is associated with a higher risk for developing complications,4,33,34 while other studies have
not found any associations.35,36 It cannot be excluded that the differences are due in part to different
ways of obtaining the alcohol history and definitions of complications.
As a consequence of the increased risk for developing complications in relation to surgery, alcohol
intake was included in the American Society of Anesthesiologists (ASA) physical status
classification system in 2014.37 Thus, a normal healthy category (ASA I) is described as no or
minimal alcohol use, and a patient with mild systemic disease (ASA II) includes a patient who is a
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social alcohol drinker. The category of severe systematic disease (ASA III) still includes patients
with alcohol dependency or abuse.
Alcohol-induced organ failure
Many pathophysiological studies were performed among non-surgical patient groups from the
1960s to 1980s, but these studies are in agreement with more recent studies among surgical patients
with overuse of alcohol. The pathophysiology related to the intake of alcohol is well described in
several studies and is most likely multifactorial, including different subclinical dysfunctional organ
systems:
Overuse of alcohol leads to cardiac dysfunction, including alcoholic cardiomyopathy.38 The
developmental mechanisms are still not clear, but a direct myotoxic membrane damage caused by
the effect of alcohol39 together with electrolyte disturbance40 as well as an ethanol blockade of
cardiac protein synthesis41 may provide some explanations.
Alcohol overuse causes a suppressed immune system.42,43 In the long-term, this may include an
increased risk for cancer.44-47 The immune incompetence may also be responsible for the increased
risks of infections, which includes reduced lymphocyte function48 and reduced mobilisation of the
phagocytic capability against bacteria.49
Alcohol consumption is associated with a prolonged bleeding time,50 probably due to a reduction of
thrombocytes in patients with an overuse of alcohol51 and increasing fibrinolytic activity,52 which
results in defective haemostatic function.
The hypothalamic-pituitary-adrenocortical (HPA) axis is activated by alcohol intake. The HPA axis
increases production of adrenocorticotrophic hormone (ACTH),53,54 which may initiate pseudoCushing syndrome after prolonged abuse.55 The increased endocrine stress response may further
affect the dysfunctional organ systems.
In relation to surgery, patients with risky alcohol intake more frequently develop infections and
pulmonary, cardiovascular, haemostatic and neurological complications, often followed by a
prolonged hospital stay and admission to intensive care, as compared to patients without risky
alcohol intake.2,4,32,56-62 Even patients with overuse of alcohol but without clinical symptoms of
alcohol-related illness, such as liver disease and pancreatitis, have an increased morbidity after
surgery.42
At surgery, the body responds with profound changes, characterised by activation of the
sympathetic nervous system, including several endocrinological, immunological and
haematological processes, which are also known as the surgical stress response.63,64 The surgical
trauma further adds to the alcohol-induced dysfunctional organ systems.
Recovery during alcohol abstinence
Older studies have shown that several of the pathophysiological processes are partly or completely
reversible after abstinence from alcohol.65 During withdrawal, further endocrine stress develops
with high noradrenaline concentrations, which correlate to the severity of the alcohol withdrawal
syndrome.66 This phenomenon normalises after one-seven weeks.67
A randomised trial showed that four weeks of preoperative abstinence significantly reduced the
incidence of arrhythmia.65 Older studies have shown that 1-3 months of sobriety improves alcoholinduced cardiomyopathy.68,69
The haemostasis improves after one week of sobriety, and the bleeding time has normalised after
four weeks.70 Wound healing is impaired in alcohol abusers due to a slow early inflammatory
response with inhibition of wound closure,71 which normalises after eight weeks of abstinence.72 It
seems that it takes up to two months of abstinence from alcohol to normalise the immune
competence, but only two weeks of abstinence before cellular immunity has improved.73 In
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addition, bone turnover and bone mass can take up to 2 years to recover.74,75 (Figure 2)

Figure 2. Recovery of organ dysfunctions after alcohol abstinence

(Tønnesen et al. (2009) “Smoking and alcohol intervention before surgery: evidence for best practice.” Br J Anaesth Vol. 102 (3): 297-306)32

Interventions for alcohol cessation
Several interventions are used for the treatment of alcohol overuse. They can be categorised into
intensive and non-intensive. The brief intervention (BI) is often offered to less dependent alcohol
consumers, while patients with alcohol dependency may need more intensive treatment aimed at
total abstinence.76 BI ranges from a single dialog to three sessions of short duration (e.g., 5-15
minutes) that provide information and advice. BI varies in other features, such as the theoretical
framework , for example, the motivational interviewing technique, material, training of the staff and
support of the therapist.76,77 BI supports motivation towards a reduced alcohol intake, but seldom
total abstinence.2
The intensive interventions run over a longer period with a focus on patient education and
pharmaceutical support. The intensive program for alcohol intervention has been translated from the
highly effective smoking cessation intervention, the so-called Gold Standard Programme (GSP),
which is the national standard programme for smoking cessation in Denmark.78 In surgical settings,
the GSP is often introduced for patients using the operational model combining elements from the
theories of motivational interviewing in health care,79 the decisional balance box80 and the stages
and process of change.81,82
Preoperative alcohol cessation intervention at elective surgery
The surgical agenda is characterised by a fixed operation day and a relatively short preoperative
period prior to elective surgery. The postoperative hospitalisation is brief – at least if no
complications evolve. Therefore, the alcohol intervention must be effective and realistic for both the
outpatient clinic and during the hospital stay.
Two studies from 1999 and 2002 evaluated postoperative complications in elective surgery using a
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randomised design and demonstrated that only four weeks of preoperative alcohol cessation
intervention improved organ function to a degree relevant for reducing the postoperative morbidity
by halving the complication rate.5,65 These improvements included immune capacity measured as
delayed type hypersensitivity reactions, cardiac function measured as cardiac output, arrhythmia
and ischaemia, and response to surgical stress measured by catecholamines.65
Intervention for alcohol cessation in relation to acute surgery
In general, patients undergoing acute operations have a higher risk for the development of
complications per se.83,84 However, in these situations, there is no or only a very short time for
preoperative alcohol intervention among patients with overuse of alcohol. Additionally, patients in
need of a subacute or hastened operation, due to infections, aggressive cancer and others, would not
have sufficient time for the longer risk-reducing preoperative alcohol cessation program.
Therefore, an important question concerns how to reduce the increased risk among patients with
overuse of alcohol undergoing acute surgery.
As described above this patient group enters the operation theatre with several dys-functioning
organ systems, among which is a high endocrine stress response to surgery,42 probably related to a
more or less discrete development of alcohol withdrawal symptoms during abstinence.
Decades ago, alcohol withdrawal symptoms were characterised by over-activity of the sympathetic
nervous system leading to increased activity of the HPA axis and the renin-angiotensin-aldosteronesystem. This activity is indicated by high blood concentrations of catecholamines, aldosterone and
cortisol, all of which are reduced within a few days of abstinence.66,85 The concentration of
noradrenaline has been shown to fluctuate with the severity of withdrawal symptoms.66
The mechanism underlying the increased stress response to surgery may also involve an increased
readiness to release cortisol from the alcohol-induced hyperplastic adrenal cortex (previously
mentioned pseudo-Cushing and now non-neoplastic hypercortisolism).86 In addition to the alcoholinduced stress mechanisms is the well-established surgical stress response initiated by the surgical
trauma itself. This response is lowered by minimal traumatic surgery and stress-blocking
anaesthesia, but increased by injuries (e.g., fractures), pain, anxiety and infections prior to surgery
in addition to a long duration and major surgery, length of incision and severity of the disease
leading to a surgical intervention, amongst others factors.63,87 However, additional mechanisms may
be involved in the development of endocrine stress.88
Early studies from the 1980s investigated intravenous infusion of alcohol using different dosages,
sometimes including a bolus during surgery. A Danish study followed the effect of rapid ethanol
infusion prior to induction (3.3 drinks at 80 kg body weight) versus saline infusion and measured
lower levels of cortisol among patients with alcohol overuse with or without ethanol infusion
compared with those without overuse of alcohol.89 A German follow-up study from 2002 after
implementation of alcohol infusion to prevent severe alcohol withdrawal symptoms showed a
failure of 41% (13 of 32 patients with alcohol dependency or abuse) despite a relatively high
intravenous dosage corresponding to 50% of the daily consumption, e.g., for a patient drinking 20
drinks per day the infusion corresponded to 10 drinks per day or 120 g of ethanol.90Another German
randomised trial on major surgery compared placebo with 4-day lower perioperative infusion of 0.5
g ethanol per kg bodyweight daily (i.e., 3.3 drinks per day at 80 kg), 15 µg/kg body weight per hour
morphine (i.e., 28.8 mg per day at 80 kg), or 200 mg x 4 daily of ketoconazole (inhibitor of cortisol
production at Cushing syndrome), respectively. All the interventions reduced postoperative hyper
cortisolism, the risk of pneumonia, and the duration of the routine stay in the ICU compared to
placebo.91 Interestingly, none of the studies indicated that alcohol infusion was superior to other
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interventions, and might further influence haemostasis, and increase the need for blood transfusion
after major abdominal surgery.92
For obvious reasons, alcohol infusion may be considered unethical as it may support the patients in
continuing their alcohol use. In addition, alcohol infusion cannot be expected to influence other
organ dysfunctions responsible for increased postoperative complications, including cortisol release
from the hyperplastic adrenal cortex.
Another way forward could therefore be to initiate the alcohol cessation intervention as soon as
possible in relation to acute surgery. Just a few days of alcohol abstinence would allow some of the
organ dysfunctions to improve, but it would require prophylactic support with benzodiazepines to
avoid alcohol withdrawal symptoms - as recommended both nationally and internationally.93
A week of abstinence from alcohol seems sufficient to reduce the stress response related to alcohol
withdrawal, as the endocrine response declines within a few days, as well as the haemostatic
imbalance and to some degree the immune capacity.
Interestingly, a randomised study of smokers with ankle fracture showed a significant reduction of
postoperative complications after an intensive smoking cessation intervention initiated in relation to
the trauma treatment and continued 6 weeks afterwards.94 Despite different pathophysiologies
related to smoking and alcohol, it is relevant to investigate the effect of alcohol cessation
intervention - starting immediately before acute surgery and continuing after surgery - on the effect
of post-operative complications as well as alcohol intake.
It would be of relevance and of importance to collect the newest intervention studies and conduct a
systematic review to explore the effects of alcohol intervention on postoperative complications.
Ankle fracture
If we want to study the effect of alcohol intervention and acute surgery, ankle surgery after fractures
is suitable. Ankle fracture is one of the most commonly treated fractures and represents
approximately 10% of all fractures.95-97 In Denmark, ankle fracture accounts for 12% of all surgical
treated fractures.98 Alcohol has been involved in one-third of all ankle fractures,99 and the lower
limb is especially vulnerable to injury after alcohol-related falls.100-102 The severity varies from
stable lateral malleolus fractures to open, dislocated and comminute fractures.103,104
There are different systems to classify ankle fractures, such as the Danis-Weber105,106 and LaugeHansen107 classification systems. The Orthopaedic Trauma Association (OTA)/American
Orthopaedic Association (AO) Classification108 combines elements of both,109 and in this thesis, the
AO-classification was chosen to classify ankle fractures. Neither classification system is clear in
terms of decisions regarding whether the fracture should be treated surgically or
conservatively.104,110 However, nearly half of all ankle fractures are treated with surgical
procedures,99 where the purpose is to restore the anatomical congruity of the ankle.103,109
Surgical treatment of ankle fractures may be followed by several postoperative complications, and
the overall complication rate has been reported to range from 1% to 40%.95,110-116 This wide range
may be due to different manners and traditions of reporting complications.
Wound complication is the most common complication,95,114 but non-union, malunion,
thromboembolic,117 neurological and implant failure are also important.95 However, infection may
have the most devastating outcome.110 Post-traumatic osteoarthritis occurs less frequently after a
traumatic ankle injury.110,115
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The complication rate varies with the prevalence of risk factors, which can be described as
Risk related to trauma such as tissue violation, contamination,118 open fracture115,119 and severity of
the fracture.120
Patient-related risk factors, such as age,115 diabetes,121-124 peripheral vascular disease, neuropathy
and other comorbidities,113,115,120 as well as risky intake of alcohol,114,125-128 smoking,129 obesity,130
and malnutrition.131
Risk related to surgery such as timing,95 skills, techniques,103 use of implants132 and prophylaxis.133
The most important complications and factors following operative treatment of ankle fracture in
Denmark are, according the Danish Fracture Database (DFDB), infection, an unsatisfying result
after primary surgery that leads to reoperation and lack of healing due to suboptimal healing.98,134
Risky alcohol intake also disposes patients to develop complications after ankle fracture surgery,135
especially infections.114,125,126,136 The increased risk for postoperative complications seems to
continue for several months after surgery.125 (Figure 3)

Figure 3. Postoperative complications after osteosynthesis of ankle fracture among 90 patients with risky use of alcohol
and 90 matched control patients without overuse of alcohol.
(Tønnesen et al. (1991). "Ankle fractures and alcoholism. The influence of alcoholism on morbidity after malleolar fractures." J Bone Joint Surg Br
Vol. 73(3): 511-13)125

In this thesis, postoperative complications of ankle fracture surgery were defined as ‘complications
requiring treatment’ within 6 weeks and 1 year postoperatively.137 It is often difficult to compare
complications between studies, and therefore we also chose to use the Clavien-Dindo system for
grading the severity of surgical complications.138,139 This classification has been validated in many
studies across surgical specialities140-143 and has been used to compare complications in a
systematic, objective and reproducible manner. (Table 1)
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Clavien-Dindo grading system for the severity of surgical complications
Grades
Grade I

Grade II
Grade III
a
b
Grade IV
a
b
Grade V
Suffix ’d’

Definition
Any deviation from the normal postoperative course without the need for pharmacological treatment or surgical,
endoscopic and radiological interventions. Acceptable regimens are as follows: drugs such as antisemetics,
antipyretics, analgesics, diuretics and electrolytes and physiotherapy. This grade also includes wound infections
opened at the bedside.
Requiring pharmacological treatment with drugs other than those allowed for grade I complications. Blood
transfusions and total parenteral nutrition are also included.
Requiring surgical, endoscopic or radiological intervention.
Intervention not under general anaesthesia
Intervention under general anaesthesia
Life-threatening complication (including CNS complications) requiring IC/ICU-management
Single organ dysfunction (including dialysis)
Multi organ dysfunction
Death of a patient
If the patient suffers from a complication at the time of discharge the suffix “d” (for ‘disability’) is added to the
respective grade of the complication. This label indicates the need for a follow-up to fully evaluate the complication.

Table 1. (Clavien et al. (2009) “The Clavien-Dindo Classification of surgical complications – Five-year experience” Ann Surg Vol. 250(2): 18796)138
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8. HYPOTHESIS AND AIMS
Based on the above background, the overall aim of this thesis is to evaluate the effect of
perioperative alcohol cessation intervention on the rate of postoperative complications – both short
and long-term – among patients with risky alcohol intake. This goal was accomplished through two
studies: a randomised clinical trial reported in three papers and a systematic review. The study flow
is illustrated in Figure 4.
Study 1
We hypothesised that an intensive alcohol cessation intervention, Gold Standard Programme (GSPA) for patient education, initiated at the earliest possible time before ankle fracture surgery and
continuing for 6 weeks after surgery, would reduce the postoperative complication rate from over
30% to under 10%.
Aims
• Paper I: To describe the protocol for the randomised Scand-Ankle study.
•

Paper II: To compare the effect of a Gold Standard Programme (GSP-A) with treatment as
usual for complications, alcohol abstinence and costs after acute fracture surgery in patients
with alcohol overuse after 6-weeks.

•

Paper III: To follow-up the effect of GSP-A compared with treatment as usual concerning
complications, alcohol abstinence, costs, self-evaluated health and self-reported ankle
function after one year following acute fracture surgery in patients with alcohol overuse.

Study 2
We hypothesised that perioperative alcohol cessation intervention would reduce the development of
postoperative complications and alcohol intake in surgical settings.
Aims
• Paper IV: A systematic review assessing the effect of perioperative alcohol cessation
interventions on the rate of postoperative complications and postoperative consumption.
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Figure 4. Trial profile for the thesis
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9. MATERIALS AND METHODS
This thesis is based on two studies: a randomised clinical trial described in papers I, II and III and a
systematic review described in paper IV. The designs and methods are described in table 2.

Title

Paper I

Paper II

Paper III

Paper IV

Patient education for

Scand-Ankle: Effect of

1-year follow-up after

Perioperative alcohol

alcohol cessation

patient education for

perioperative alcohol

cessation intervention

intervention at the time

alcohol cessation

cessation intervention (GSP-A)

for postoperative

of acute fracture surgery:

intervention in acute

– The Scand-Ankle RCT study

complications (Review)

study protocol for a

fracture surgery on

randomised clinical

postoperative

multi-centre trial on a

complications – A

gold standard

randomised controlled trial

Randomised clinical trial

Systematic review with

programme (ScandAnkle)

Design

Methodology paper

Randomised clinical trial

describing a randomised

meta-analysis

clinical trial

Participants

70 patients with an alcohol

70 patients with an alcohol

140 participants with an

intake of at least 21 units

intake of at least 21 units per

overuse of alcohol

per week, ≥ 18 years,

week, ≥ 18 years, traumatic

undergoing surgery

traumatic ankle fracture

ankle fracture requiring

randomized to

requiring osteosynthesis,

osteosynthesis, informed

intervention or

informed consent,

consent, randomised within

treatment as usual

randomised within 36

36 hours

hours

Main
Outcome

The number of patients

The number of patients who

Any type of

who developed at least one

developed at least one

postoperative

complication requiring

complication requiring

complication defined by

treatment within six weeks

treatment within one year

the need for treatment

postoperatively

postoperatively

and in-hospital and 30day mortality

Secondary
outcome

Successful quitters in the

Alcohol intake in the one year

Successful quitters,

six-week period and costs

postoperative period, ankle

postoperative alcohol

function, health related quality

consumption, length of

of life and costs

stay, prevalence of
participants without
risky drinking in the long
term

Analysis

Descriptive statistics

Data were analysed on an

Data were analysed on an

Meta-analyses using a

intention-to-treat basis

intention-to-treat basis

random effects model

Univariate analyses

Univariate analyses

Table 2: Concise descriptions of the methods used in the four papers included in this thesis.
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Study 1
Data presented in study 1, paper I, II and III are from patients enrolled in the Scand-Ankle study.
Paper I describes the protocol of the trial, paper II reports the results from the short-term follow-up
at 6 weeks and paper III reports the long-term follow-up results after one year.
Paper I, Paper II and Paper III
Design and randomisation
A double-centre randomised controlled trial conducted with randomisation in blocks of unknown
sizes with stratification for each centre at a 1:1 allocation ratio. Randomisation was conducted
externally using www.sealedenvelope.com. The project staff had no access to the randomisation
list, and the allocations were concealed in sequentially numbered, opaque and sealed envelopes.
Participants
Patients with an alcohol intake of at least 21 units per week in the last three months before
enrolment with an ankle fracture requiring surgery with internal fixation were asked to participate
in the trial.
Inclusion criteria: age over 18 years, traumatic ankle fracture (open or closed, simple or
comminute) requiring osteosynthesis, informed consent and randomisation within 36 hours after
admission to the orthopaedic department.
Exclusion criteria: major trauma involving other fractures, ASA-score 4-5,144 pregnancy and
lactation, allergy to the study medicine, uncompensated chronic disease, severe psychiatric disorder
or other conditions that reduce the ability to provide informed consent, severe alcohol dependency
or cancelled surgery.
Patients who participated were randomised to either intervention or treatment as usual after
providing their informed consent.
Intervention and control
Patients allocated to the intervention group received GSP-A aimed at complete alcohol abstinence
immediately before, during and 6 weeks after surgery. The intensive patient education programme
in Scand-Ankle consists of specific sessions on the level of motivation, management of alcohol
withdrawal, prevention of relapse, rehabilitation treatment and therapeutic modalities.137
Table 3 describes the patient-educating programme. Treatment as usual consisted of information
and a written folder. For details, please see paper I and paper II.
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Gold standard programme for patient education (GSP-A)
At each meeting

(after 3 weeks)
th

5 meeting
(after 4 weeks)

Benefits of short-term and long-term alcohol cessation

tests) ECG

th

4 meeting

Relapse (description and management)

Alcohol cessation or reduced intake following intervention

• Alcohol biomarkers (blood, urine and breath

(after 2 weeks)

treatment (chlordiazepoxide 10 mg)

rd

3 meeting

Dependency, withdrawal symptoms (experiences and expectations)

• Alcohol withdrawal prophylaxis and

(after 1 week)

supervised at weekly meetings

nd

2 meeting

Level of motivation, alcohol profile, ambivalence, pros and cons

• Disulfiram support (200 mg x 2 weekly)

(during hospitalisation)

• Thiamine and B-vitamin

st

1 meeting

The study medication is provided for free and transportation for the weekly meetings will be reimbursed.
Patients have telephone access to the project staff.

Table 3. Overview of the GSP-A programme

Sample size
In the RCT the postoperative complication rate is the main outcome. The related power calculation
was a challenge, as this study has been the first to evaluate the effect of the 6-week intensive
alcohol intervention program among acute surgical patients drinking 21 alcohol units per week or
more. In elective surgery, the two previous randomized trials have shown a high effect of the
program on postoperative complications for elective surgery, thus suggesting a relevant difference
of 43% and 25%.5 A previous case-control study on ankle fracture surgery has reported a
complication rate of 30% for patients who drank at least 5 drinks per day and 10% for the patients
consuming less than 2 drinks daily,125 indicating a potential improvement of 20%. If similar
complication rates after six weeks were expected in the control and intervention (GSP-A) groups,
then a total of 2x59 patients would be needed based on a power calculation using a power of 80%
and a risk of type 1 failure of 5%.
Power calculation: the number in each group: n = (Z2α+Zβ)2 x [p1(1-p1) + p2(1-p2)] / (p1- p2)2
= (1.96+0.84)2x[0.3(1-0.3)+0.1(1-0.1)]/0.22 = 7.84x[0.21+0.09)]/0.04 = 7.84x0.3/0.04 = 59
Another important outcome is the successful quit rate in the perioperative period. The two previous
randomized trials have identified a very high effect; above 90% of the intervention groups and less
than 10% of the control groups.5 Using a power of 80% and a risk of type 1 failure on 5% less than
2 x 6 patients would be required. However, this might not be generalized to acute setting. More
moderate effect estimation for the intervention group would be 50%, thus representing a minimal
relevant difference in the power calculation and resulting in 2 x 12 patients.
Power calculation: the number in each group: n = (Z2α+Zβ)2 x [p1(1-p1) + p2(1-p2)] / (p1- p2)2
= (1.96+0.84)2x[0.5(1-0.5)+(0.05(1-0.05)]/0.452 = 7.84x[0.25+0.05)]/0.64 = 7.84x0.30/0.20 = 12
To reduce local differences, it was on forehand decided that each center should include at least 20
patients.
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Statistical analyses
The data were analysed on an intention-to-treat (ITT) basis. The results for complications were
reported as numbers (percentage) or medians (range). Fisher´s exact and chi-square tests were used
for frequencies, and the Mann-Whitney test was used for continuous outcomes. P-values less than
0.05 were considered statistically significant.
In study II, costs were drawn from the National Hospital Costs Registry.145 Values were reported as
means and standard errors (SE). The mean differences (MD) with 95% CI was calculated between
the two groups. Bootstrapping procedures were used for the cost-effectiveness analysis in paper II.
Missing data
All patients were analysed in the treatment groups in which they were allocated. The main outcome
of complications was analysed on ITT basis. Patients who dropped out were followed up by the
patients’ medical records regarding complications. These medical records were also scanned for any
report on alcohol amount for those who dropped out. Information regarding costs was drawn from
the National Hospital Costs Registry for all included patients. After one year, a non-respondent
analysis was performed to investigate differences between completers and non-completers of the
study. No imputation was made for missing data assessing health related quality of life in SF-36.
Ethical considerations
The Scand-Ankle study was approved by the Danish Scientific Ethical Committee System in the
Capital Region (nr. H-1-2009-087) and by the Danish Data Protection Agency (J. nr. 2009-413741). The study was registered under ClinicalTrials.gov number NCT00986791. The trial was
reported in concordance with the CONSORT statement.146
The participants could experience a disadvantage due to the extra meetings and blood sample
collections. For the discomfort of participants in the intervention group in relation to the reduced
alcohol intake treatment with chlordiazepoxide 10 mg p.n. was offered. If more severe withdrawal
symptoms evolved the participants followed the local guidelines of the psychiatric department. It
was possible for the participants to contact the project staff at all times. Written and informed
consent were obtained from all participants. All the participants who declined to participate
provided consent to allow us to follow them via medical records.
Study 1. Paper I. Outcome
The primary outcome was the number of patients who developed any postoperative complication.
Other main outcomes were continuous alcohol abstinence and non-hazardous drinking, which were
biochemically validated, and the cost-effectiveness within 6 weeks and up to the 1-year follow-up.
The secondary outcomes included length of stay, degree of alcohol withdrawal symptoms and costeffectiveness regarding changes in health-related quality of life (QALY),147 as well as
reconvalescense and health-related quality of life in SF-36 (HRQoL).148
Study 1. Paper II. Outcome
The primary outcome was the number of patients who developed at least one complication
requiring treatment within six weeks postoperatively. Complications were predefined in the
protocol137 and were also categorised according to the Clavien-Dindo classification.138
Other outcomes were successful quitting measured as complete abstinence from alcohol in the sixweek perioperative period, as verified by alcohol biomarkers (blinded measurement of PEth,149
CDT,150 GGT, MCV3) and direct hospital costs in the 6-week perioperative period for patients in
the GSP-A and control group. Data on costs originated from the National Hospital Costs
Register.145
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Study 1. Paper III. Outcome
The primary outcome was the number of patients who developed at least one complication
requiring treatment after 1 year postoperatively. Complications were predefined in the protocol137
and were also categorised according to the Clavien-Dindo classification.138 The other outcomes
were alcohol intake in the one-year postoperative period, which was verified by alcohol biomarkers
(blinded measurement) and self-reported ankle function measured by a five-point Likert scale,
Olerud Molander ankle score,151 length of stay and readmission. The direct hospital costs also
originated from the National Hospital Costs Register,145 and the health-related quality of life in SF36 (HRQoL)148 was reported as outcomes.
Study 2, Paper IV
This study was an update of a prior published Cochrane review from 2012 with major changes,5 as
it was out-dated in several ways. First, it did not include a relevant intervention period. Search
terms were therefore expanded to also include the preoperative, perioperative and postoperative
time period, which resulted in 4426 hits compared with the previous 669. The title was changed to
include the whole perioperative period. Second, to comply with current MECIR Reporting
Standards, the methods on quality assessments were updated to also incorporate the GRADE
method. Additionally, new secondary outcomes were added: the important outcome of successful
quitters at the end of the intervention. The analysis of length of stay was removed, as the new
MECIR recommendations require it to be based on SD, which was not available in the included
studies. Due to the inclusion of pre-, peri- and postoperative interventions as well as variety of
different surgical procedures the statistic was changed from fixed ratio to random risk ratios (RRs)
to allow for an expected heterogeneity between studies.
The following sections were updated in the review: Abstract, Plain language summary, Summary of
main findings, Methods, Results, PRISMA flow chart, Discussion, References, Characteristics of
studies, Data and analysis (1.1, 1.2, 1.3), and Additional tables.
Criteria for the included studies
Only RCTs involving participants with risky drinking undergoing all types of surgical procedures
under general anaesthesia, regional anesthesia, or sedation, who were given a perioperative alcohol
cessation or control intervention, were included in the analysis. We included studies of participants
undergoing elective or acute surgery. The interventions of interest were all pharmacological and
psychosocial alcohol cessation interventions, provided in relation to a surgical procedure aiming to
stop or reduce alcohol consumption. Among elective surgical patients, the intervention began
preoperatively, and among acute surgical patients, the intervention took place immediately before
or after surgery and continued in the postoperative period. We considered both brief and intensive
interventions, including interventions with pharmacological strategies for alcohol withdrawal and
relapse prophylaxis. The control groups included surgical patients receiving treatment as usual
(TAU), including an assessment of their alcohol history.
Outcome measures
The primary outcomes were any type of postoperative complication (e.g. wound-related
complications, secondary surgery, cardiopulmonary complications, and admission to intensive care)
defined by the need for treatment and in-hospital and 30-day mortality. The secondary outcomes
were the number of successful quitters (abstainers) at the end of the programme, postoperative
alcohol consumption at the end of the programme, length of stay (LOS) and prevalence of
participants without risky drinking in the long-term.
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Data extraction and analysis
Duplicates were removed from the search, and the hits were transferred to Covidence.152 Search
results were screened by three authors independently. Two review authors independently performed
the data extraction. The RCTs were assessed for methodological quality, including risk of bias
based on guidance from the Cochrane Handbook for Systematic Reviews of Interventions.153 We
used the grading of recommendations assessment, developing and evaluation (GRADE) to assess
the quality of evidence.154
Review Manger (RevMan) version 5.3 was used for data analyses. We presented the main outcomes
as dichotomous variables. We calculated the mean differences (with 95% confidence interval; CI)
for outcome measures when possible. We used random effects as a default due to large between
study differences in the interventions, participants and type of surgery. We calculated the risk ratio
(RR) with 95% CIs for each effect size estimated using the Mantel-Haenszel test for dichotomous
outcomes.
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10. RESULTS
Study 1. Paper I
Study 1. Paper II
Patient characteristics
In total, 1,531 ankle patients were screened at Bispebjerg-Frederiksberg (May 2010 to July 2014)
and Hvidovre (February 2011 to July 2014) University Hospitals. The majority (1,371) did not meet
the inclusion criteria. A total of 160 patients were eligible for the trial, but 90 patients declined to
participate, resulting in 70 patients for randomisation, 35 patients allocated to the intervention group
and 35 to the control group. Two patients in the control group cancelled their surgery and were
treated conservatively instead and were therefore excluded. Adherence to the study was very high,
with 94% in the control group and 86% in the intervention group after 6 weeks.
The 90 patients who declined to participate all agreed to be followed by medical records.
Findings
Complications
The rate of any complication was 34% in the intervention group and 42% in the control group
(p=0.49). There were 5 episodes of alcohol withdrawal symptoms in the intervention group and 2 in
the control group and 1 patient with fulminant delirium. No patients died. Three patients were
readmitted and one patient was re-operated in both groups. Length of stay was five days in each
group (GSP-A group range: 2-28 days; control group range: 2-33 days) (p=0.96).
Alcohol
Complete alcohol cessation was significantly higher in the GSP-A group (51%) than in the control
group (14%) (p=0.001). Additionally the median alcohol consumption was reduced to 0 (0 to 512) g
ethanol/week in the intervention group compared with 252 (0 to 864) g/week in the control group
(p<0.0001), which was confirmed biochemically for PEth (median 0.05 (range 0.02 to 2.16)
µmol/L vs. 0.50 (0.01 to 3.80) µmol/L) (p=0.0001) but not for the other biochemical markers (GGT
(p=0.217), MCV (p=0.236) and CDT (p=0.105)).
Costs
Overall, GSP-A resulted in lower hospital costs (€8,279) compared with the control group (€9,320)
in the six-week perioperative period, but this difference was not significant.
Non-participants
All the 90 non-participants allowed us to follow them via medical records. The intervention and
control group were comparable regarding characteristics (Table 4). The complication rate was 31%
(28 patients), one patient died and 7% (6 patients) underwent re-operation (Table 5). The hospital
costs were similar to the GSP-A group; €8,216.
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Non-participants
(n=90)
55 (19-82)
67 (74%)
28 (20-196)
-

Age (years)
Sex (men)
Alcohol intake in last weeks (units)*
AUDIT score (points)
Alcohol Dependency (ICD-10)
Other lifestyle factors
Risk of mal nutrition
Overweight (BMI>25)
Physical inactivity (<30 min/day)
Daily smoking (any amount)
Working status / Employed
Education
Homeless
Marriage / partners
Comorbidity**
Any co-morbidity
Lung disease
Cardio-vascular
Diabetes
Liver disease
Psychiatric
Other
ASA scores
1
2
3
Fracture type
Open
Close

50 (56%)
53 (59%)
37 (41%)
62 (69%)
9 (10%)
27 (30%)
3 (3%)
2 (2%)
14 (16%)
43 (48%)
30 (33%)
40 (44%)
8 (9%)
4 (4%)***
62 (69%)***

*All patients had an average alcohol intake > 21 units of 12 g ethanol per week in the last three months
**None of the co-morbidities were decompensated
***Data are missing for 24 non-participants

Table 4. Characteristics of the non-participants.
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Number of complications
Superficial wound complication (treated with antibiotics, repeated dressings or similar)
Deep wound infection (treated with antibiotics and/or surgical intervention)
Plaster cast complication (skin abrasions and pain, verified by clinical judgement)
Dislocated fracture (verified by radiographic examination)
Sepsis (fever, influenced general condition and bacteraemia)
Hypertension (sys BP>140 and dia BP>90 and anti-hypertensive)
Deep vein thrombosis (verified by ultrasound)
Urinary infection (treated with antibiotics)
Withdrawal symptoms (verified by CIWA-Ar)
Delirium (psychosis, requiring psychiatric treatment)
Hepatic coma (confusion and liver failure)
Low potassium (treated with medicine)
GI-bleedings
Generalised seizures
Purulent arthritis (outside surgical site)
Other fractures (after ankle fracture)
Death
Clavien-Dindo Classification
Grade I
(any deviation)
Grade II
(requiring pharmacological treatment)
Grade IIIa
(requiring surgical intervention - not under general anaesthesia)
Grade IIIb
(requiring surgical intervention - under general anaesthesia)
Grade IVa
(life-threatening single organ dysfunction)
Grade IVb
(life-threatening multi organ dysfunction)
Grade V
(death)
d

Nonparticipants
(n=90)
8
4
3
3
0
1
2
0
2
1
0
3
2
1
1
1
1
9
21
5
5
2
0
1

Indicates the need for follow up to fully evaluate the complication

Patients with any complication
Reoperation
Transmitted to intensive care
Readmission
Accumulated LOS

28 (31%)
6 (7%)
0
9 (10%)
5 (2-36)

We did not find that any of the non-participants experienced mal-union complications, compartment syndrome, cardiac failure,
acute myocardial infarction, atrial fibrillation, emboli, pneumonia, respiratory failure or retention of urine.

Table 5. Complications requiring treatment after ankle fracture surgery at 6-weeks for the non-participants.

Study 1. Paper III
Patient characteristics
Please see above.
After one year, when the controlled randomised trial ended, the follow-up rate was 60% (21/35) in
the GSP-A group and 70% (23/33) in the control group.
Findings
Complications
Overall patients with any complication after 1 year were 16 (46%) in the GSP-A group compared
with 18 (55%) in the control group (p=0.47). The most common surgical site complications where
superficial wound infection with 7/35 (20%) in the GSP-A vs. 10/33 (30%) in the control group.
Both groups also developed a substantial number of other complications, including withdrawal
symptoms (5 patients with 6 episodes in GSP vs. 4 patients with 18 episodes in the control group),
alcohol intoxication (0 vs. 3 patients with 11 episodes), fulminant delirium (0 vs. 2 patients with 3
episodes) and hepatic coma (0 vs. 1 patient with 2 episodes). In the GSP-A group three patients
attemted to commit suicide (one patient accounted for four suicidal attempts), and two patients were
therefore transferred to the ICU. Two patients died in the control group. The accumulated
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readmissions were 19 vs. 29 (p=0.84) and there were no differences in LOS, reoperations or
patients with readmission.
Alcohol
Alcohol intake below the limit at inclusion (21 units/week) was 29% in the GSP-A group and 21%
in the control group (p=0.48) after 1 year. At the 1-year follow-up, the intervention group consumed
a median of 330 (0 to 1428) g ethanol/week compared with 300 (0 to 996) g/week in the control
group (p=0.64). PEth (median 0.42 (range 0.05 to 2.64) µmol/L vs. 0.34 (0.05 to 1.19) µmol/L)
(p=0.43), GGT (p=0.80), MCV (p=0.94) and CDT (p=0.77)).
Costs
The total hospital costs after 12 months were lower in the GSP-A group (€10,662) compared with
the control group (€12,198), but this difference was not significant.
Ankle function
There were similar findings regarding self-reported ankle function, measurement of the Olerud
Molander ankle score and the development of reduction or dislocation of the ankle fracture between
the two groups.
Health related quality of life in SF-36
There were no difference between the GSP-A group and the control group after 1 year (Table 6).
After one year, a non-respondent analysis were performed to detect whether the completers of the
programme were different from the drop-outs, and no major differences were found. Thus, we
believe that data were missing at random instead of missing by selection and therefore found no
reason to perform imputation in the SF-36 statistic.

Physical
functioning
Role - physical
Role - emotional
Energy/fatigue
Emotional wellbeing
Social
Functioning
Pain
General health
Physical
component
summary (PCS)
Mental
component
summary (MCS)

Baseline
Intervention
N=33
95 (0-100)

Control
N=33
95 (30-100)

6 weeks
Intervention
N=29
45 (5-100)

Control
N=30
50 (5-100)

100 (0-100)
100 (0-100)
55 (0-90)
72 (36-96)

12 months
Intervention
N=20
95 (15-100)

Control
N=22
83 (30-100)

75 (0-100)
100 (0-100)
55 (0-95)
76 (24-100)

0 (0-75)
100 (0-100)
60 (25-95)
80 (20-100)

0 (0-100)
100 (0-100)
55 (10-90)
76 (44-100)

100 (0-100)
100 (0-100)
75 (50-95)
84 (56-100)

100 (0-100)
100 (0-100)
75 (15-100)
88 (32-100)

88 (38-100)

100 (0-100)

63 (13-100)

75 (13-100)

100 (50-100)

100 (38-100)

90 (30-100)
60 (10-100)

90 (23-100)
65 (10-100)

68 (10-100)
70 (25-100)

55 (10-100)
80 (10-100)

90 (10-100)
78 (45-100)

85 (33-100)
75 (15-100)

84 (13-99)

79 (22-100)

0.77

50 (23-69)

52 (20-77)

0.73

91 (24-100)

80 (36-100)

0.41

76 (22-96)

73 (19-99)

0.91

72 (29-99)

73 (21-92)

0.99

90 (43-98)

87 (32-100)

0.62

Pvalue

Pvalue

Pvalue

Table 6. Mean score of the domains in HRQoL Scale SF-36 under GSP-A and standard treatments. Data are reported as
median (range).

Study 2. Paper IV
A systematic review of the literature in the Cochrane Central Register of Controlled Trials
(CENTRAL); MEDLINE; Embase; CINAHL via EBSCOhost and two trials registers; The World
Health Organization International Clinical Trials Registry Platform (WHOICTRP) and
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ClinicalTrials.gov was conducted to summarise the effects of pharmacological and psychosocial
perioperative alcohol cessation interventions on postoperative complications, postoperative alcohol
consumption or both.
The literature search resulted in 4,426 papers, and 8 additional papers were identified through other
sources. Of these, 4,407 were excluded because they were either duplicates or had no relevance for
this review, leaving 27 potentially relevant studies, among which only four fulfilled the inclusion
criteria. Of these, one study is still ongoing, resulting in the final inclusion of three studies.65,155,156
Characteristics of the included studies
The three included RCTs had a total of 140 patients (ranging from 28 to 70 patients) and were
published or carried out from 1999 to 2015. Two of the studies were not published,156 and one of
the studies was included in this thesis as paper II.155
The oldest study from 1999 included participants with a daily alcohol consumption exceeding 60
g/day who were planned to undergo radical colorectal resection, and the intervention was performed
four weeks prior to surgery.65 The second study from 2002 included participants with a daily
alcohol consumption exceeding 60 g/day or 420g/week who were scheduled to undergo elective hip
arthroplasty, and the intervention was started three months prior to surgery.156 The third study from
2017 included acute ankle fracture participants with a weekly alcohol consumption of a minimum
of 252 g/week, and the intervention took place immediately after hospitalisation and 6 weeks
postoperatively.155 All three studies evaluated the effect of an intensive alcohol cessation
programme, including relapse prophylaxis and strategies for alcohol withdrawal (Figure 5).

Figure 5. Time overview of alcohol cessation intervention studies

Postoperative complications
The postoperative complications made up 31% in the intervention group versus 74% in the control
group in the 1999 study with participants undergoing elective radical colorectal resection.65 In the
study from 2002 with participants undergoing elective hip arthroplasty, the complication rate was
30% in the intervention group and 56% in the control group.156 In the 2017 study including
participants with acute fracture of the ankle requiring surgery, the complications rate was 34% in
the intervention group and 42% in the control group.155 (Figure 6)

30

Figure 6. Effect of intensive alcohol cessation intervention on postoperative complications

Successful quitters
The intervention group in all three studies received an intensive alcohol cessation intervention. In
the elective radical colorectal resection study, 70% abstained in the intervention group compared
with no abstainers in the control group.65 In the elective hip arthroplasty study, 60% abstained in the
intervention group compared with 0% in the control group,156 and in the acute ankle fracture
surgery study, 51% abstained in the intervention group compared withs 14% in the control group.155
(Figure 7)

Figure 7. Effect of intensive alcohol cessation intervention

31

Meta-analysis
Three meta-analyses were conducted to compare perioperative alcohol cessation intervention versus
treatment as usual on postoperative complications, mortality, and successful quitters.
The pooled effect sizes all favored alcohol cessation intervention compared with the control, and
the results were statistically significant for postoperative complications: RR = 0.62 (95% CI: 0.40 to
0.96, p=0.03). The outcome for in-hospital and 30-days postoperative mortality was not significant:
RR = 0.47 (95% CI: 0.07 to 2.96, p=0.42). There was no heterogeneity (I2 = 0%) in the
postoperative complications or mortality. The new outcome of successful quitters (number of
abstainers) at the end of the programme was also significant: RR = 8.22 (95% CI: 1.67 to 40.44,
p=0.01). The low numbers of participants and especially events increased the width of the 95% CIs.
For the successful quitters I2 was 47%, which may represent moderate heterogeneity.153
Quality assessment
We used the Cochrane Collaboration tool to assess the risk of bias in the individual studies.153
Overall, the three included studies were assessed to be of moderate to good quality (Figure 8).
The body of evidence was rated using the Grading of Recommendations Assessment, Development
and Evaluation (GRADE) approach.154 Three outcome were assessed: postoperative complications
where the evidence was moderate, in-hospital and 30-day mortality where the evidence was low and
successful quitting where the evidence was moderate.

Figure 8. Summary of the assessment of the risk of bias of the studies included in the systematic review.
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11. DISCUSSION
Brief summary of main findings
The randomised trial on ankle fracture surgery demonstrated that acute patients successfully
followed the intensive alcohol cessation intervention programme for alcohol cessation for 6 weeks
postoperatively. However, successful compliance did not produce a significant reduction in
postoperative complications, costs or long-term alcohol intake. There were no differences between
the groups regarding health related outcomes or ankle function.
The systematic review and meta-analyses showed that intensive alcohol cessation intervention
administrated for four to eight weeks before surgery reduced the number of participants with
postoperative complications.

Discussion of main results in comparison to the existing literature
Effect of perioperative intervention on alcohol consumption
Our RCT, paper II, demonstrated that the intensive alcohol cessation intervention was effective in
the first postoperative period of 6 weeks. One-third of the patients in our RCT study suffered from
alcohol dependence syndrome, and two-thirds exhibited alcohol overuse, exclusively. These results
are consistent with the effects of the preoperative alcohol intervention in elective patients in our
review. Our systematic review of three RCTs with a total of 140 participants revealed that 41 of 70
participants in the intervention group completely abstained during the intervention compared with 5
of 70 patients in the control group (RR=8.22 (1.67 to 40.44) p=0.01). Therefore, our alcohol
cessation programme seemed to be effective in the perioperative period.
However, paper III showed that patients relapsed to their previous drinking habits at the 1-year
follow-up. A recent patient interview study has revealed that perioperative lifestyle interventions
are perceived as part of the surgical programme. This perception produces a positive result but in
the simultaneously may reduce the long-term perspective in these patients.157 This hypothesis does
not provide a complete explanation because other authors have demonstrated similarly poor results
in non-surgical patients. A major RCT study with 1,383 patients evaluated relapse in an intensive
intervention in moderately addicted patients who were sober at inclusion.158 Another systematic
review of 69 studies with 33,642 participants using a briefer intervention demonstrated a minimal
but significant reduction of 20g ethanol per week.159 The possibility of producing a clinically
relevant long-term effect of interventions should be investigated further.
Effect of perioperative intervention on complications
We hypothesised that the initiation of an intensive alcohol cessation intervention, GSP-A, for
patient education among trauma patients would reduce their postoperative complication rates from
over 30% to under 10%. However, our RCT found no effect on the postoperative complication rate;
in fact, we found a high rate of complications. After 6 weeks, 34% of patients in the intervention
group and 42% in the control group developed complications, and a total of 46% of patients in the
intervention group and 55% in the control group developed one or more complications during the
first year after surgery. These results are higher than the rates that are generally observed in typical
cohorts of ankle fracture surgery patients.95,113-115
Few ankle studies have included alcohol history in their analyses, and these studies used different
research designs, making comparisons difficult. Whether documentation was performed carefully,
timely and in a reproducible manner is also important to consider for comparisons between study
populations. Our RCT study predefined complications as ‘requiring treatment’ and used the
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Clavien-Dindo Classification system.138,139 We found no other studies that evaluated complications
of ankle fracture surgery using the Clavien-Dindo Classification system.
In our RCT, most of the complications were surgical site complications. After one year, 10 of 33
patients (30%) in the control group had developed superficial wound infection compared with 7 out
of 35 (20%) in the GSP-A group. Two patients in both groups developed deep wound infections.
For comparison, a cohort study by Ovaska and co-workers described deep surgical site infections in
more than half (22 of 31) (71%) of alcohol abusers (not defined).114 Another cohort study by
Høiness and co-workers identified soft tissue complications in 4 of 7 (57%) patients who consumed
greater than 60 g of ethanol daily.126 A 27-year-old Danish retrospective case-control study found a
total infection rate after three months of 14 in 90 patients (15%).125 However, the numbers of
patients in the alcohol groups were rather small and barely allowed other conclusions than the
identification of alcohol overuse as a risk factor for surgical site complication.
In Denmark the DFDB does not include the alcohol history of the patients. Among 6,427 patients,
18% underwent reoperation, as reported in 2017.98 Therefore, the comparability to our RCT with
14% and 18% undergoing reoperation, respectively, is not known. In addition, both groups in our
RCT included one patient who required reoperation, but due to the poor physical status of the
patients, the surgeons chose to disavow in both cases.
Several patients in our RCT experienced other complications in addition to surgical site
complications, both of which were registered in the first 6 weeks (paper II) and during the 12 month
follow-up period (paper III), without substantial differences between the groups: i.e., deep vein
thrombosis (1 patient in the GSP-A group and 0 in the control group), delirium (none and 2),
hepatic coma (none and 1), gastrointestinal bleeding (2 and none), anaemia due to occult bleeding
(none and 1), pancreatitis (none and 1), sepsis (none and 1), suicidal attempts (3 and none) and
death (none and 2). Some of these complications could be classified as study-related because
overuse of alcohol can lead to delirium, hepatic coma, gastrointestinal bleeding, anaemia due to
occult bleeding and pancreatitis. Thromboembolic events following operative treatment of ankle
fracture are uncommon, but reported.110 Unfortunately, suicidal attempts are also seen in this
vulnerable patient group.160
Part of the explanation for the poor surgical outcome in paper II and paper III may be the close
relationship between the alcohol intervention and the time of surgery, which offered too little or no
time for recovery of subclinical organ dysfunctions.32 However, despite a potential change in
pathophysiology regarding haemostasis, the immune capacity and endocrine response, the clinical
outcome was not influenced.
Another explanation may be that the surgical trauma itself adds to the alcohol-induced dysfunction,
as previously mentioned, and is increased by the fracture, pain and anxiety. Therefore, patients with
an overuse of alcohol and in need of an acute surgical procedure are complex regarding
pathophysiology.
As mentioned in the background chapter, the Scand-Ankle trial was further inspired by a Swedish
RCT study of an intensive smoking cessation intervention among smokers with ankle fracture,
which showed a significant reduction of postoperative complications compared with treatment as
usual.94 However, we were not able to produce similar effects on postoperative complications in our
RCT on intensive alcohol cessation intervention, which could be due to different pathophysiologies.
There are some benefits of smoking cessation in the short term. Smokers have increased levels of
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carbon monoxide (CO), which can occupy up to 15% of the haemoglobin,161 potentially leading to
hypoxia in the heart and in peripheral tissue. However, the half-life of nicotine and CO is less than
24 hours, and the effects from smoking cessation diminish very fast.32 Nicotine is accountable for
acute vasoconstriction.162 The effect of smoking cessation on vasoconstriction, however seems very
shortlived.163 Nicotine also increases the heart rate and blood pressure, which normalise after only
20 minutes of abstinence.164 The above listed improvements could provide one explanation.
However, another Danish RCT study investigating smokers undergoing open infra-inguinal arterial
surgery did not find any effect of the GSP intervention.165 This study had challenges. First it was
not able to acquire the number of patients according to the power calculation, and second the
distribution between the control group and GSP-group was uneven. Third, the authors note that
hazardous drinking smokers were not excluded despite their high risk as they were in the Swedish
RCT study on smokers with ankle fracture.94
It will be interesting to follow an on-going Danish randomised trial (STOP-OP) that evaluates the
effect of an intensive smoking and alcohol cessation intervention starting shortly before surgery in
bladder cancer patients undergoing major surgery (radical cystectomy).82
It might be necessary to assess all aspect of perioperative intervention for this vulnerable patient
group with overuse of alcohol undergoing acute surgery to improve their surgical outcome.
Most likely, combined lifestyle factors such as alcohol, smoking, malnutrition and physical activity,
together with a multimodal approach,64 should be promoted to reduce the number of complications.
Effect of perioperative intervention on health related quality of life
The patients in our RCT had an ankle fracture requiring surgical intervention and an overuse of
alcohol, which may influence the health-related quality of life (HRQoL)166 as indicated by Bhandari
and co-workers,167 who found that alcohol consumption and smoking were associated with poorer
quality of life scores in a small prospective observational study of 30 patients with unstable ankle
fracture.
Studies investigating an association between overuse of alcohol and HRQoL have reported
contradictory results. A recent cohort study168 on 6,531 Finish men and women reported that low
mental health dimension of SF-36148 was associated to symptoms of alcohol addiction as measured
by the CAGE questionnaire (acronym for four questions – cut down, annoyed, guilty and eye
opener),169 whereas physical functioning was related to heavy drinking for women and symptoms of
addiction for men. Heavy drinking was defined by an intake above 16 and 24 drinks per week for
women and men, respectively.168 A 10-year follow-up cohort of 28,783 men and women from
Poland, Czech Republic and Russia used almost similar definitions and showed that alcohol
drinking was associated with deterioration of physical functioning over time.170 However, other
studies found contradictory results.171,172 Part of the explanation on the different results could be the
different definitions of alcohol overuse in the different studies.
In addition, the results of alcohol intervention on HRQoL also differ in different studies.173 A
secondary analysis of an American randomised trial on 213 out-patients in treatment for overuse of
alcohol (defined by a consumption of 12 and 16 drinks or more per week for women and men,
respectively), showed a significant improvement of the mental health measured by SF-36 when
reducing their intake with at least 30%.174 In contrast, a systematic review on alcohol treatment
showed no effect on HRQoL in spite a significant effect on the alcohol intake after 6 and 12
months173 similar to our results, where we found no differences in HRQoL between the groups in
study 1 after 6 weeks or after 1 year.
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Few studies have investigated HRQoL in patients undergoing ankle fracture surgery.
Obremskey et al.166 found a continued improvement of HRQoL over time, which was also
described by Bhandari and co-workers.167 No studies have investigated the HRQoL among patients
in treatment for an overuse of alcohol and undergoing ankle fracture surgery similar to our study.
In paper I, the protocol, we planned to report quality-adjusted life-year (QALY) as a secondary
outcome. QALY measures the life expectancy with adjustments for quality of life.175 The
calculation of QALY can be generated by a number of different techniques, but most are based on
HRQoL together with data on patients’ death.176
The patients in our RCT both included young patients in the beginning of their 20’s and elderly
patients in the late 70’s. After one-year only two patients in the control group had died. We have
calculated the HRQoL but found no differences between the groups, which does not however
exclude a difference in mortality. In order to include information on mortality we therefore will
report the QALY in a later follow-up article.
Effect of perioperative intervention on costs
Costs differ from country to country due to differences in treatment costs, fees and salaries amongst
others: e.g., the reimbursement for ankle fracture surgery from U.S. Medicare corresponds to
€10,590177 and from diagnosis related groups (DRG) in Denmark to €5,238.178 The costs in our
RCT exceeded the Danish average reimbursement with €3,041 per patient in the intervention group
and €4,082 in the control group. These results indicate that continuing treatment as usual for this
vulnerable patient group produce a negative effect on the economy of the hospital on short term.
After 1 year the total costs were €10,672 per patient in the intervention group and €12,198 in the
control group. We were only able to find one other small prospective cohort study of 30 Canadian
patients that evaluated costs on ankle fracture one year after surgery. They reported an average
direct cost of €1,426 per patient at discharge.179 Though, comparisons between countries are
difficult it seems that our patients with an overuse of alcohol are more costly than the average
patient at 1-year follow-up.
As the results in paper II and III were not significant and should be interpreted with caution they
might indicate an incentive for the society to pay more attention on this vulnerable patient group.

Challenges and lessons learned regarding recruitment
Identification
The Scand-Ankle trial and the two previous randomised studies on perioperative alcohol cessation
intervention suffered from a low recruitment rate.180 This was also the case in an Australian study,
which was planned as an RCT but changed the design to a CCT due to challenges with
recruitment.181 The first step in recruitment is to identify patients with risky alcohol intake in the
perioperative period. One easy method to obtain a useful alcohol history of surgical relevance is to
use the TLFB,24 as in the Scand-Ankle programme. Therefore, the Scand-Ankle study may have
able to identify overuse of alcohol among 160 of 1,531. Most departments in Denmark routinely ask
patients about their drinking habits,182 but the quality of the obtained data may be questionable and
lead to misclassification.
Inclusion
Due to lack of patient inclusion, our study was terminated before reaching the number of patients
required according to the power calculation. We only managed to include 70 patients of the planned
120 (58%) during a time period of 4 years and 2 months. It became clear to us, that we were not
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able to reach the required number of patients within a reasonable timeframe, and therefore we chose
to terminate the study enrolment.
Of the 1,531 patients assessed for eligibility, only 160 met the inclusion criteria, of which 70 (44%)
agreed to participate in the study. The inclusion rate corresponded to the results of an interview
study prior to the RCT to examine patient opinions regarding the GSP-A. Approximately half of the
patients said that they would like to participate, and their approach was consistent with their stage
of change.183-185 However, all the eligible patients were included or allowed follow-up via medical
recording systems, which was more positive than the interview results.183 One reason for the low
inclusion rate could be the short time period for considering participation in the study due to the
trauma and emergency procedures, thus causing patient hesitation.
Inclusion may also be challenged by the need to update information on the effects of alcohol on
health. An example concerns the general acceptance that moderate drinking has been associated
with a beneficial effect on health compared with abstainers as well as to heavy drinkers – at least
until recently.186
The original J-shaped-alcohol-health curve indicated that persons who drank moderately were
protected against cardiovascular diseases. However, Fillmore and co-workers187 reconsidered the
definitions of abstainers in the included studies and found that exclusion of the former and
occasional drinkers from the group of abstainers changed the J-curve to no longer show protection
for moderate alcohol consumption. The J-shaped-alcohol-health curve has also been hypothesised
in a few surgical cohorts but with sparse definitions for abstainers, which may have also increased a
possible misclassification herein.188,189 Although this risk of misclassification was low in the ScandAnkle trial, which included only patients with continued overuse of alcohol for at least three months
prior to the trauma, a beneficial approach to moderate drinking and health may have reduced patient
acceptance to participate in the intervention study.
The question has been raised concerning, whether we could have foreseen these challenges while
recruiting the patients. In general, it is a challenge to recruit patients for randomised trials.190 As our
RCT study is the only study to evaluate an intensive alcohol cessation intervention in acute surgery,
we cannot compare the inclusion rate to other alcohol studies, but previously mentioned studies
investigating intensive smoking cessation in acute surgery reported the same difficulties in
recruiting patients, with rates from 48 to 61%.94,165
Recruitment difficulty is likely even more difficult in studies of vulnerable groups, intensive
interventions and long-term follow-ups, such as the Scand-Ankle study, which is characterised as an
open study. We used telephone reminders and developed participant information together with the
users. A recent review of 68 trials with more than 74,000 participants investigated strategies to
improve recruitment in randomised trials.190 Of the 72 comparisons reviewed, it was concluded that
only 3 things that we also used were supported by high-quality evidence: open trials recruited 10%
better than blinded trials and a telephone reminder followed by a postal invitation recruited 6%
more patients. Tailored and user-testing development of participant information recruited only 1%
more patients. Therefore, it is important to investigate new recruitment strategies.
Follow-up
Follow-up actions on high intake, such as recommendations and interventions/referrals, seldom
occur. An older study from 2001 demonstrated that only approximately one-third of the surgical
patients were informed of the increased risk associated with their lifestyle.191 There was no
evidence for any improvements, and only 29% of the clinical quality databases on surgery included
preoperative alcohol intake,192 which is better than the 2% in Sweden.193 As mentioned in the
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background, alcohol intake was included in the ASA classification in 2014 and might lead to more
consistent reporting on patients’ use of alcohol.
We found a very high follow-up rate in paper II of 86% in the intervention group and 94% in the
control group after 6 weeks, and 60% and 70% at the 1-year follow-up in paper III. These results
are similar to the results of a systematic review that found surgical and emergency patients
adherence to alcohol intervention programmes of over 60% for up to 12 months.194 This relatively
high follow-up rate might have been due to a positive response to alcohol intervention and
motivation to change drinking habits in relation to hospitalisation.157,183,195-198

The question of timely and effective intervention
A challenge in surgery is, among other things, the time frame – there is an interrelation of
postponing acute surgery and the increased risk of developing complications.199 In contrast, we
would need time before surgery to intervene and allow time for recovery from organ dysfunctions
and related improvements of postoperative complications.
Our intervention programme using the intensive GSP-A to cease alcohol intake in the perioperative
period appeared to be effective. However, the timeliest addition of this programme to affect
postoperative complications is not known.
A short preoperative intervention period would be preferable in many cases of elective surgery,
such as cancer operations, treatment guarantee and other conditions. Few studies have been
conducted in this area, as demonstrated by the identification of only three RCTs among 4,434 in our
review, which indicates that this is a difficult research field. Some years ago, Shourie and
colleagues from Australia planned to carry out a randomised trial on a brief intervention prior to
surgery, as mentioned above.181 They changed their study design after only including a few patients
due to difficulties related to recruitment and logistics. Although they used a very short intervention
programme of only one session they also experienced timerelated difficulties. The effect of the
intervention on alcohol intake is high for intensive interventions but not for brief
interventions.159,180 This pattern is in agreement with the effect of smoking cessation
programmes.200
However, an effective programme must be implemented in due time prior to surgery. Our review
demonstrated that prevention of complications was possible when the programme was initiated four
and 12 weeks prior to surgery.65,180 This period allowed time for alcohol-induced organ
dysfunctions to recover. In our RCT, the intervention, initiated at the time of hospitalization, was
inadequate to reduce the complication rate.
Most studies evaluating pathophysiology in relation to alcohol are more than 20 years old. Perhaps
new research should focus on evaluating and analysing organ functional recovery. An assessment of
the optimal time for initiating an alcohol cessation intervention prior to surgery is still needed, and
further investigation should also consider different type of surgery due to the lack of reduction of
complications.

Bias and limitations
The two studies included in this thesis have several bias and limitations. First, the Scand-Ankle
trial, study 1, was underpowered for the measurement of postoperative complications. Only 70 of
160 eligible participants were included within the timeframe of the project because of difficulty in
recruiting patients. The inclusion began in 2010 at Bispebjerg-Frederiksberg Hospital (BFH) and
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expanded to include Hvidovre Hospital (HVH) after half a year. Table 7 provides an overview of
the recruitment of patients at the two hospitals in Copenhagen, Denmark. Recruitment from other
Scandinavian countries was planned and piloted, but it was not successful. Therefore, those centres
were soon closed.

Year
2010
2011
2012
2013
2014
Total

BFH
(May 2010 to July 2014)
Eligible
Meeting
Included
patients inclusion patients
criteria
141
23
17
166
19
11
164
11
1
150
17
9
95
10
1
716
80
39

HVH
(February 2011 to July 2014)
Eligible
Meeting
Included
patients inclusion patients
criteria
203
205
248
159
815

31
21
17
11
80

11
8
7
5
31

Table 7. Overview of the included hospitals and recruitment of patients in Denmark

More than 50% of the patients approached did not want to participate in the trial, which could lead
to a selection bias due to an unawareness of how these patients would have affected the results.
However, the ability to follow subjects using the medical recording systems was a strength of the
current study. We cannot exclude the possibility of a recruitment bias both in the RCT and in the
review, inclusion of the most motivated participants regarding changing their alcohol habits,
leading to a possible overestimation of the effect.
This study may suffer from a type I failure related to the 6-week alcohol outcomes and a type II
failure related to surgical complications. A type I failure cannot be excluded as this is the first study
evaluating perioperative alcohol cessation on complications in an acute surgical setting. The risk of
a type II failure, overlooking a significant effect is still persistent, due to underpowering of the
study.
We overcame exclusion bias by only excluding two patients who did not undergo surgery and using
the intention-to-treat population to analyse the other participants. This type of intervention study is
difficult to perform in a blinded manner, but we attempted to overcome this bias through the use of
blinded assessors. There was a risk of performance bias because the intervention group received
more care from the project staff than the control group, which could produce a better outcome in the
intervention group. Detection bias was likely avoided with the use of blinded assessors because of
the nature of the RCT design. Outcome bias was also not relevant because the trial was registered
on ClinicalTrial.gov before the study was performed and the protocol was published before the trial
had ended.
Notably, the RCT is a strong design, but it may pose the potential problem of questioning whether
the included patients are representative of the overall population. However, our RCT design
provided new evidence of an alcohol cessation intervention in acute surgery. These types of studies
are difficult to perform because of the complex patient group. Therefore, strong research
competence is necessary to perform these studies.
The systematic review, study 2, paper IV, also included some biases and limitations. The included
studies were of moderate-to-good quality. The overall inconsistency of the results was low, and the
indirectness of evidence was avoided via comparison of similar intervention groups to the control
groups in all the studies. By contrast, imprecision was present because of the small number of
studies and events. A small number of publications, such as the three studies used in this review
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should raise concerns of publication bias. However, the literature in this research area is very
limited, and it is unlikely that a major publication bias was overlooked. Therefore, the quality of the
body of evidence is considered moderate for all outcomes, except mortality, which was low.
Another potential bias in the review process was that one of the co-authors had participated in all
three studies, and four of the authors participated in one study. Therefore, an independent author
evaluated the included studies according to the inclusion criteria, extracted the data and checked the
interpretation against the study protocol.
We primarily evaluated the effect of an alcohol cessation intervention in relation to surgical
interventions on postoperative morbidity and mortality and secondary on and alcohol intake. We
included all types of interventions performed among adults in the perioperative period in a surgical
setting. Thereby, we may introduce heterogeneity due to differences in in patient groups, surgical
interventions and timing of alcohol cessation intervention. Therefore, as we anticipated
heterogeneity of the results we used a random-effect model. In order to investigate heterogeneity we
planned to perform subgroup analyses to comparing different types of surgery. However, too few
randomised trials were identified enabling subgroup analyses.
Generalisation of the results from the Scand-Ankle study and the systematic review should be
considered carefully because they included relatively few participants, and the intervention studies
were performed in a Danish population, which may differ from populations in other countries.
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12. CONCLUSION
This thesis adds to the body of evidence on alcohol consumption and postoperative complications
by providing a new randomised clinical trial (RCT) and a systematic review. Patient education with
an alcohol cessation intervention (GSP-A) at the time of surgery had a significant effect on
perioperative cessation in a manner that was not different from similar interventions in elective
studies. However, the complication rate was not significantly reduced in the short or long term
despite this effect.
These types of studies are difficult to perform because they include a vulnerable patient group and
require intensive intervention and long-term follow-up times. These difficulties likely explain the
sparse studies published in this field.
Evidence for the optimal treatment for emergency patients with high alcohol intake undergoing
acute surgery remains limited.
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13. PERSPECTIVES
Implications for practice
The Scand-Ankle trial is the first study to evaluate an intensive alcohol cessation intervention in
acute surgical patients with alcohol overuse. The GSP-A was effective for alcohol abstinence in the
perioperative period. Therefore, GSP-A is implementable in clinical practice. It is mandatory to
inform acute patients about their increased risk for developing postoperative complications over the
short- and long-term, despite the lack of effective risk reduction. This implementation would
require sufficient competence of the clinical staff to identify, deliver or refer patients to the
programme and support this vulnerable group with alcohol overuse who are at special risk for
surgery.
Implications for research
We need to rethink the treatment of acute surgical patients with risky alcohol intake because of their
high risk of postoperative morbidity. It is clear that this group of patients is fragile, and one research
strategy may be to evaluate a multimodal approach that focuses on all modifiable risk factors,
including alcohol, smoking and other lifestyle interventions, as well as immune-simulation and
‘fast-track’ programmes delivered in a timely manner to reduce the peri- and postoperative risks
associated with acute surgery.201 A long-term strategy could be to continue the alcohol intervention
for a longer period.
In addition, it would be relevant to identify the shortest preoperative period for risk reduction.
Interestingly, the majority of the pathophysiological studies are old, and updated studies with new
techniques seem to be necessary to learn more about the organ dysfunctions and new possibilities to
simulate the recovery process, e.g., immune stimulation, among others.
Another strategy may be to consider the indication for surgery and evaluate the possibility for
conservative treatment, such as immobilisation in a below-knee cast. Close reduction and
intramedullary fixation using a fibular nail202 in combination with external fixation may be relevant
if the patient is able to follow the treatment regime.
Further development of these strategies – individually or in combination – would require evaluation
in a randomised design prior to possible implementation.
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