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Cover: illustration by Anne-Guri Storjord in memory of her sister who died from cancer.  

 

 

The tree of life is a symbol of growth and strength. The flowers symbolize love and hope of a good life. 

The birds and the butterflies are nurses and doctors caring for the patient. The chemotherapy is red, 

and connected to the hearth, filling it with feelings of hope, anger and fear. Ready to fight and scream 

in frustration, but also able to find joy and love in the special moments that each day brings. The 

shoes symbolize her greatest hope; to get back to life the way it was and dance carelessly into the long 

summer nights…  
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The past is behind, learn from it. 

The future is ahead, prepare for it. 

The present is here, live it. 

 

 

Thomas S. Monson 
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Summary 

“First, do no harm” is a fundamental element of health care and considered indistinguishable from the 

delivery of quality in health care. While cancer treatment has become more effective, it has also 

become more complex, consequently increasing the risk for harm. It is no surprise that cancer patients 

experience treatment related harm, but the extent and severity of treatment related adverse events 

(AEs) in real world clinical settings is not well investigated.  

In the three studies included in this thesis, we have assessed the nature of AEs in hospitalised cancer 

patients compared to other patients and elucidate how AEs can be used as a clinically relevant 

measure of quality and safety in cancer care. All three studies are retrospective cohort studies, using 

the Global Trigger Tool (GTT) to identify AEs in patients hospitalized at three hospitals of Nordland 

Hospital Trust in Norway.  

 

We find that hospitalised cancer patients more often than other patients experience AEs, but this is due 

to older age and longer length of stay rather than the cancer itself. Especially medication related harm 

and healthcare associated infections are safety hazards of concern to cancer patients. Patients dying in 

hospitals differ in several ways from a general hospitalised population and experience seven times the 

rate of severe AEs. An AE contributed to death for nearly one in three deceased cancer patients.  

Despite strong recommendations limiting the use of aggressive anticancer treatments for cancer 

patients near the end of life, we found that one third of deceased hospitalised cancer patients received 

some kind of anticancer treatment during the last 30 days of their lives. Anticancer treatment given 

during the last 30 days of life is associated with a significantly increased rate of AEs with twice the 

odds of having an AE contributing to death.  

 

Identifying specific AEs in cancer care is clearly warranted and can provide real time measures of 

quality and safety, enhancing improvement in clinical practice and avoiding overtreatment in end-of-

life cancer care. The GTT review of all inpatient deaths provides new valid and reliable measurement 

of severe AEs contributing to death that otherwise would go undetected. Measuring AEs contributing 

to death can be a powerful driver of the safety culture and raise awareness for learning and 

improvement.   
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Sammendrag (summary in Norwegian) 

"Første av alt, ikke skade" er et grunnleggende prinsipp i helsevesenet og anses uatskillelig fra kvalitet 

og sikkerhet i helsevesenet. Kreftbehandling er blitt mer effektiv, men også mer kompleks som øker 

risikoen for skader. Det er ingen overraskelse at kreftpasienter opplever behandlingsrelaterte skader, 

men omfanget og alvorlighetsgraden av disse skadene i klinisk praksis er ikke godt undersøkt.  

Formålet med studiene våre var å studere forekomst, alvorlighetsgrad og typer av skader hos innlagte 

kreftpasienter sammenlignet med andre pasienter, samt å belyse hvordan skader kan brukes som et 

klinisk relevant mål for kvalitet og pasientsikkerhet i kreftomsorgen. Alle tre studiene er retrospektive 

kohortstudier, og bruker Global Trigger Tool metoden for å identifisere skader hos pasienter innlagt i 

Nordlandlandssykehuset.  

 

Vi fant at kreftpasienter oftere enn andre pasienter opplever skader, men at dette skyldes høyere alder 

og lengre liggetid og ikke kreftsykdommen i seg selv. Spesielt medikamenter og helseassosierte 

infeksjoner medfører skader hos kreftpasienter. Pasienter som dør på sykehus skiller seg på flere måter 

fra andre pasienter og opplever syv ganger flere alvorlige skader. For nesten en av tre kreftpasienter 

som dør på sykehus medvirker en skade til døden.  

Selv om det er sterke anbefalinger som begrenser bruken av aggressive kreftbehandlinger nær livets 

slutt, fant vi at en tredjedel av avdøde sykehusinnlagte kreftpasienter mottok kreftrettetbehandling i 

løpet av de siste 30 dagene av livet. Kreftbehandling gitt i løpet av de siste 30 dagene av livet er 

assosiert med en betydelig økt forekomst av skader, med dobbelt så stor risiko for at en skade bidrar til 

døden.  

 

Å identifisere spesifikke skader hos kreftpasienter er klart berettiget og kan gi mål for kvalitet og 

pasientsikkerhet som grunnlag for forbedring av klinisk praksis og unngå overbehandling ved livets 

slutt hos kreftpasienter. Vi finner at en retrospektiv undersøkelse av alle dødsfall på sykehus ved bruk 

av GTT metoden, gir ny relevant og pålitelig informasjon om alvorlige skader som bidrar til døden og 

som ellers ikke ville bli oppdaget. Å måle skader som bidrar til død, kan være en sterk pådriver for 

pasientsikkerhetskulturen og øke bevisstheten om læring og forbedring.  
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1 Introduction 

1.1 Background 

Cancer creates great fear and can have devastating consequences for patients and their families. 

Patients` express their world falls apart and they often think; “Is this it? Am I going to die? “ [1]. 

Being in such an existential life crisis, patients` have no other choice than to trust that healthcare will 

do the best to cure them if possible. If not possible, then offer the best available care across the whole 

continuum of cancer care, from diagnosis through end of life. Most of all, patients trust us not to harm 

them and at the least not to hasten death [1, 2]. “First, do no harm” is a fundamental element of 

healthcare and considered indistinguishable from the delivery of quality.  

 

In 1999, the Institute of Medicine (IOM) published its landmark report, To Err is Human [3]. The 

report created an international sense of urgency to reduce patient harm in healthcare. It recommended 

healthcare organisations to learn from AEs, mitigate contributing factors, prevent future errors and 

ultimately make patients safer [4]. Despite progress in the last 15 years, patient safety remains an 

important public health issue and it is estimated that AEs due to medical error are the third leading 

cause of death in the USA [5]. Through time, it has become increasingly clear that patient safety is far 

more complex and AEs far more pervasive than initially anticipated, and to improve we need a system 

approach that fosters a culture of learning and safety in clinical practice [6, 7]. New treatment and 

technology constantly becoming available has made cancer treatment more effective, but also more 

complex, thereby increasing the risk of harm. Moreover, cancer patients are getting older. This 

addresses important considerations for the treatment of older cancer patients, and how the current 

healthcare system is prepared to meet the needs of an aging cancer population [8]. Previously under-

recognised aspects of safety, such as underutilisation of palliative care and overuse of treatment near 

end of life are now recognised as important elements of quality and patient safety [6, 9].  

 

It is no surprise that cancer patients experience treatment related toxicities, but the extent and severity 

of treatment related AEs in clinical practice have not been well researched [10]. To improve patient 

safety in cancer care we need a thorough understanding of the specific safety problems in oncology. 

To achieve this, we need good and reliable measurements. The measures themselves cannot determine 

what is right or wrong, but can enhance discussions about standards of care and encourage 

improvements. In the three papers included in this thesis, we have assessed the nature of AEs of 

hospitalised cancer patients in different settings, and investigate how AEs can be used as a clinically 

relevant measure of quality and safety in cancer care. 
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Key messages: 

 Patient safety is the prevention of errors and adverse effects associated with health care. 

 We need standardised definitions and terms to guide our understanding of patient 

safety.  

 Cancer care is inherently complex, increasing the risk of adverse effects.  

 To improve patient safety of cancer patients we need to look at the whole cancer care 

continuum from diagnosis to end-of-life care. 

 

1.2 Patient safety 

 

The simplest definition of patient safety is the prevention of errors and adverse effects to patients 

associated with health care [11]. A key step to improve patient safety is establishing a common 

language that promotes better understanding and a reliable comparison of information [12]. A 

standardised taxonomy guides the principles of classification and aids the risk manager in 

understanding why an event happened, how it happened and what impact the event had on patients and 

providers [13]. With the intention to standardise definitions and terms, WHO developed a conceptual 

framework to provide a consistent understanding of the domain of patient safety [14]. The 

International Classification for Patient Safety (ICPS) is designed to facilitate the description, 

comparison, measurement, monitoring, analysis and interpretation of information to improve patient 

care [3, 4]. 

 

ICPS defines a patient safety incident as an event or circumstance that could have resulted, or did 

result, in unnecessary harm to a patient. An incident type can be a reportable circumstance, near miss, 

error or AE. Patient characteristics, incident characteristics and contributing factors are necessary 

descriptive information that provide context to understand the outcome of the incident. Patient 

outcome is the impact on a patient, which is wholly or partly attributable to an incident and assessed 

according to severity of harm. A complex relationship exists between incident type and contributing 

factors. More than one contributing factor or hazard is typically involved in a single incident and an 

incident can be a contributing factor to another incident. Incidents can also affect healthcare 

organisations, e.g. adverse publicity or additional use of resources classified as organisational 

outcomes. Detection, mitigating factors and ameliorating actions represent detection, prevention, 

resilience and incident recovery from an incident. The surrounding actions taken are actions aiming to 

reduce, manage or control any future harm, or probability of harm associated with an incident. 
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The ICPS framework (Figure 1) illustrates the complexity of improving patient safety and prevention 

of harm to patients. Healthcare organisations are composed of multiple differentiated and autonomous 

smaller clinical systems with many tightly coupled and interacting actions [15, 16]. The actions of 

individuals are interconnected so that the actions of one provider change the context for all the other 

providers [17]. This makes healthcare complex and unpredictable with an inherent propensity for 

failure to occur [15]. Safety initiatives should therefore take into account the complete system when 

investigating an incident and aim to reduce system complexity to improve safety and quality in health 

care [17, 18].   

 

 

Figure 1 WHO`s Conceptual Framework for the International Classification of Patient Safety 
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1.2.1 Patient safety in oncology 

Cancer care is highly complex due to diagnostic challenges, multimodal and multispecialty treatment 

strategies, a narrow therapeutic/toxic ratio for many treatments, long-term and late effects of disease 

and treatment that contribute to morbidity and mortality [8, 19]. This complexity is driven by the 

biology of cancer itself, the multiple specialists involved, recognising the correct diagnosis, prognosis 

and treatment recommendations. In addition, the healthcare system is fragmented and often not 

prepared to meet the individual needs, preferences, and values of patients who are very ill [8]. Safety 

and complexity are correlated, where complexity in healthcare increases the risk of harm to the patient 

[17, 18, 20]. With the introduction of new technology and new systemic anticancer treatments 

constantly becoming available, the complexity increases persistently. To improve patient safety in 

cancer care, we need to look at the full cancer care continuum from diagnosis and treatment to 

maintaining the health of survivors and providing end-of-life care consistent with patients’ needs, 

values and preferences [8].  

 

 

Figure 2 Domains of the cancer care continuum with examples of activities.  

The blue arrow identifies components of patient safety that should span the continuum from diagnosis 

through end-of-life care. The green arrow identifies three overlapping phases of cancer care. 

SOURCE: Adapted from Institute of Medicine, Delivering High-Quality Cancer Care [8]. 
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The patient safety focus in oncology has been mainly on the hazards of medication and, in particular, 

specific risks related to prescribing, dispensing and administration of systemic anticancer treatments 

[21–23]. A review by Weingart in 2018 found that chemotherapy errors occur at the rate of one to four 

per 1 000 orders and effect one to three percent of oncology patients [22]. This focuses on any error 

occurring during the process of medication use, whether the error causes an AE or not. Due to good 

control systems, most chemotherapy related medication errors are mitigated and do not result in AEs 

[22]. However, many systemic anticancer treatments have a low therapeutic index (the ratio of the 

maximally tolerated dose of a medicine to the minimal effective dose), so even when the treatment is 

given at the correct dosage it may cause an adverse drug reaction (ADE) and AE.  

Within patient safety there has been, in terms of AEs, a shift in focus from detecting errors, to 

focusing on outcome for the patients. This new focus can demonstrate areas of risk and enhance 

improvements to reduce severe AEs and death occurring as a result of systemic anticancer treatment.  

 

The diagnostic process from recognising symptoms of cancer to a correct diagnosis leads for complex 

interactions of multiple contributing factors, both at system and individual levels [24]. Diagnostic 

errors occurring at any stage of this process are considered an important threat to patient safety in 

cancer care. Diagnostic errors can be defined as a diagnosis that is missed, wrong or delayed [25]. 

However, while not all misdiagnosis cause harm in patients, for cancer patients a delayed or missed 

diagnosis can have severe consequences for choice of treatment and prognosis. Delayed cancer 

diagnosis is claimed to be one of the most harmful and costly types of diagnostic error [26]. 

Understanding and mitigating diagnostic errors in patients is necessary to improve patient safety in 

cancer care [27].  

An intervention to improve the diagnostic process was implementation of standardised cancer patient 

pathways for all cancer types in Norway from 2015. A study by Nilssen et al., assessing the waiting 

time in Norway for the four most common types of cancer from 2007 to 2016, found a gradual 

improvement with no significant change observed from the time of cancer patient pathway 

implementation. This may indicate that implementation of the cancer care pathway was just a 

continuation of an already on-going trend initiated in 2011, when politicians announced a “waiting 

time guarantee” stating that 80 percent of cancer patients should start their treatment within 20 days of 

diagnosis [28].    
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Surgery is the oldest form of cancer treatment, and for many cancer types it provides the best chance 

of being cured. Surgery also plays a role in diagnosing, staging and supportive cancer treatment. A 

systematic review by Anderson found that 14 percent of surgical patients experienced at least one AE 

[29]. This is about the same as a national study in Sweden, identifying that 15 percent of all surgical 

patients experienced an AE, of which 4.7 percent contributed to permanent harm or death [30]. This 

identifies surgery as one of the high-risk areas for the occurrence of AEs.  

Research asserts that patients are safer and have better short- and long-term survival when their cancer 

surgery is performed by hospitals and surgeons with sufficient experience [31, 32] This applies 

especially for some cancer types such as pancreatic, oesophageal, lung and rectal cancer where 

surgery can be very complex with a higher risk of complications [33]. Not surprisingly, greater 

hospital volume is associated with both fewer postoperative complications and an 11 percent increase 

in long-term survival after resection for pancreatic cancer [34]. This has led to a greater centralisation 

of complex cancer surgery and a longitudinal study by Sheetz et al. indicates that 30-day mortality for 

three out of four high-risk cancer operations improved over time with high-volume hospitals 

continuing to have lower complication and mortality rate for all procedures [33]. In another study by 

Nathan et al. patients who had complex cancer-surgery and experienced serious complications had 

decreased long-term survival, even if they recovered from their complications. They were also less 

likely than those with no or mild complications to receive adjuvant chemotherapy [35].  

In 2008, WHO introduced the Safe Surgery Checklist as a strategy to improve patient safety and inter-

professional teamwork during surgical interventions [36]. The checklist has since proven to contribute 

to decreasing complications and deaths related to surgical interventions [37][38][39]. Most studies of 

surgical safety have focused on the operating theatre, neglecting the critical role of post-operative 

ward care. Anderson et al. found that more than half of AEs were non-operative AEs related to 

monitoring, medications, anaesthesia and diagnostic procedures, indicating that targeting the entire 

surgical care pathway is just as important to reducing surgically related AEs [29].  

 

Cancer patients at the end of life are fragile and often require complex care, making them at high risk 

of safety issues. Consequences may also be greater, since time is limited and valuable. Attention to 

patient safety is fundamental for good end-of-life care but may require a different approach. Patient 

preferences and quality of life must balance safety, and overemphasis on patient safety may detract 

from promoting an end of life consistent with patient values [40]. Many safety issues in end-of-life 

and palliative care are consistent with recognised safety hazards in patient safety. Examples of 

common safety issues are falls, pressure ulcers, constipation or delirium after using opioids. Other 

aspects of end-of-life care should also be considered as safety hazards are poorly controlled pain, 

underuse of early referral to palliative care, failure of considering prognosis and miscommunication 

[40–43] Communication is particularly important when it comes to of end-of-life preferences. Lack of 

communication and miscommunication at the end of life can cause patient harm when patients 
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Key messages: 

 Definitions of AEs describe an adverse outcome arising from medical care, rather than 

the patient´s underlying medical condition. 

 Most hospital AEs are temporary, but up to 12 percent of AEs contribute to permanent 

disability or death. 

 The overall incidence of AEs varies from one to two per ten patients. 

 The incidence depends on setting, review method and sample size. 

 Cancer patients experience higher rates of AEs than other hospitalised patients. 

 Surgical complications, medication harm and healthcare associated infections are the 

most common types of AEs.  

 Cancer patients experience in addition specific AEs related to systemic anticancer 

treatment and radiotherapy.  

 

consequently accept treatments that are unlikely to benefit them. Up to one out of five cancer patients 

receives anticancer treatment during the last 30 days of life without the clear benefit of prolonging 

survival. The treatment also exposes them to the risk of severe negative consequences such as 

increased toxicity and decreased quality of life [44–46] This emphasises the need to assess symptoms, 

toxicities and complications of anticancer treatment by systematically measuring AEs in end-of life 

cancer care.  

To limit the extent our research we have focused on AEs contributed to by cancer treatments (surgery, 

radiation and systemic anticancer treatment) in addition to general care itself, in a treatment- and end-

of-life care setting.   

 

1.3 Adverse events 

 

1.3.1 Definition 

The ICPS does not provide a specific definition of an AE. Other organisations have published many 

different definitions. The common denominator for all definitions is that the terms describes an 

adverse outcome that arises as a result of medical care, rather than from the patient’s underlying 

medical condition. 
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Table 1 Definitions of adverse events 

Institution Definition adverse event 

Agency for Healthcare Research and 

Quality (AHRQ) 

Resulting from exposure to the health care system, likely 

amenable to prevention by changes to the system [47]. 

Institute for Healthcare Improvement 

(IHI) 

Unintended physical injury resulting from or contributed to by 

medical care that requires additional monitoring, treatment, or 

hospitalisation or that result in death [48]. 

Harvard Medical Practice Study 

(HMPS) 

An injury that was caused by medical management (rather than 

the underlying disease) and that prolonged the hospitalisation, 

produced a disability at the time of discharge, or both [49]. 

Office of the Inspector General                  

(IOM) 

Harm as a result of medical care or occurring in a health care 

setting [50]. 

The National Cancer Institute                         

(NCI) 

Any abnormal clinical finding temporally associated with the use 

of a therapy for cancer; causality is not required [51].  

 

Two other frequently used terms are errors and near misses. Error is a broader term referring to any act 

of commission (doing something wrong) or omission (failing to do the right thing) that exposes 

patients to a potentially hazardous situations [52]. Different from AEs, errors may or may not result in 

harm to the patient, and not all AEs are necessarily a result of errors. A near miss is an unsafe situation 

that either resolves spontaneously or is neutralised before it develops into an AE. For example, a 

patient notices that the intravenous chemotherapy does not bear his name on the infusion bag. He 

alerts the nurse and the wrong treatment is not given. In this situation, an error was committed but the 

patient did not experience clinical harm and the situation ended up as a near miss. 

In our research and for this thesis we have used the IHI definition of an AE:  

"Unintended physical injury resulting from or contributed to by medical care that requires additional 

monitoring, treatment, or hospitalisation, or that results in death." 

 

An important reason for using this definition is that it enhances the patient perspective, arguing that if 

an AE occurs it is always harm to the patient as long as it was unintended. As an example, being left 

with a scar after open surgery removing a pancreatic cancer is an expected injury, while leakage of 

anastomosis is an unintended physical injury even though the expected complication rate is about 5 

percent [53]. This also enhances the objectivity of an AE with no need to judge if it was an expected 

complication or not. Another argument for using this definition is that often there is more than one 

factor contributing to an AE and direct causality can be hard to determine. This definition only 

requires that medical care or treatment is a contributing factor.  
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1.3.2 Severity 

Consequences of AEs can range from the very serious to those that have little impact on the patient. 

Most hospital AEs are temporary harms, but up to 12 percent of AEs contribute to permanent 

disability or death [54–56]. To determine the impact an AE has on a patient, we need to assess not 

only the incidence rate but also the severity of the incident. The severity of AEs is assessed in many 

ways.  

 

In cancer research, the Common Terminology Criteria for AEs (CTCAE) is used as standard practice 

by clinicians to report toxic effects in trials of cancer treatments. Toxicity is graded from 1- 5 (mild, 

moderate, severe, life-threatening or death) [51]. These criteria are mainly used in clinical trials to 

provide standardization and consistency in the definition of treatment-related toxicity but have in 

recent years also been more commonly used for the management of chemotherapy administration and 

dosing [57].  

 

The National Coordinating Council for Medication Error Reporting and Prevention (NCC MERP) in 

the US developed an index that classifies medication errors according to the severity grading of the 

outcome [58]. The index considers factors such as whether the error reached the patient and to what 

degree the patient was harmed. Category A-D reports incidence where no harm occurs to the patient. 

Category E-I reports on the degree of harm or death to the patient.  
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Figure 3 NCC MERP Index for Categorizing Medication Errors 

 

When developing the Global Trigger Tool (GTT) method, IHI adapted the NCP MERP index to 

categorise the severity of any type of AE in patient safety. Since the GTT method only measures harm 

to the patient, the adapted classification only includes categories E – I. This classification is commonly 

used for the grading severity of an AE within patient safety [59, 60]. When referring to the severity of 

AEs in our papers and thesis we have used this adapted version of the NCC MERP index. 
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1.3.3 Types 

The three most common types of AEs reported are related to surgery, medication and healthcare-

associated infections [60, 61]. According to a systematic review undertaken by Swendimann et al. in 

2018, surgery related AEs accounts for a median of 40 percent (range 27 - 75 %). Medication related 

AEs 19 percent (range 4 - 73 %) and healthcare-associated infections 18 percent (range 0.2 - 25 %) of 

all detected AEs [62]. 

The intention behind categorising AEs into types is to gain knowledge about healthcare related areas 

to improve patient care. Since the definition of AE focuses on incidence that occurring through 

medical care, types of AEs should be grouped into clinical categories according to the aetiology of the 

incident that led to the outcome for the patient. As an example, bleeding can be a clinical symptom 

related to bleeding after surgery or a symptom caused by administration of antithrombotic medication. 

Since they should be categorised according to the aetiology of the incidence, bleeding can be 

categorised as a complications after surgery or medication harm depending on what medical care 

contributing to the incident.  

To standardise the review process, types of categories should be defined and grouped before the 

review starts. The original IHI GTT manual does not group AEs into types. In our research, we have 

categorised types of AEs according to 23 specified types recommended in the Norwegian National 

GTT manual [63], (Appendix I).  When creating categories, the challenge is to find a balance between 

being specific enough to get an overview and at the same time not include too many subtypes. 

Heterogeneous categories makes it difficult to compare data and difficult to find interventions for 

improvement. Monitoring over time can also be difficult since one may not be able to reduce the rate 

enough to detect the change made. Another measuring challenge with the original 23 categories is that 

the types are not mutually exclusive, and where relevant one AE could be categorised into more than 

one category (e.g. postoperative bleeding and a reoperation) [64]. For statistical purposes, we therefore 

merged the original categories into eight main categories in our research.  

 Healthcare associated infections 

 Surgical complications 

 Bleeding and thrombosis 

 Patient fall and fracture 

 Medication harm 

 Obstetric harm 

 Pressure ulcers 

 Others 
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1.3.4 Incidence 

WHO states that one out of ten hospitalised patients experience at least one AE and that AEs due to 

unsafe care is thought to be one of the ten leading causes of death and disability across the world [65]. 

WHO’s statement is based on de Vries’ systematic analyses of eight studies between 1991 and 2006 

[66]. Later systematic reviews and meta-analyses of overall incidence of AEs in healthcare show 

considerable variation across studies, with up to 12 percent of the AEs leading to a lethal outcome [55, 

56, 60, 67].  

A number of methodological differences can account for the variability observed. To study this more 

closely we made a review of all studies included in these five systematic reviews. From the 209 

studies, 79 duplicates were removed and four studies were excluded due to lack of information on 

percent of admissions with AEs. This left us with 126 studies carried out between 1991 and 2018. 

Studies from the first decade all indicate an incidence below 20 percent, while studies done after year 

2000 report between 10 and 30 percent. See Figure 3. We find an overall average AE rate of 17.7 

percent (median 13.5 percent) with a range from 1 to 74 percent.  

 

Figure 4 Percentage of hospital admissions with an AE depending on review method used.  

Other methods include unstructured retrospective reviews and patient reported data. 
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Type of review method seems to be an important methodological difference. Studies based on the 

HMPS review method have an overall lower average of AEs compared to the GTT method, 9.3 vs. 24 

percent. The first studies, including de Vries’ systematic review, all used the HMPS method, while 

GTT reviews became more common after 2006. The thresholds for defining an AE and causality differ 

between these two methods. While the definition of an AE in the GTT method includes all unintended 

physical injury requiring additional monitoring or treatment, the HMPS method only defines the 

incident as AE when the patient is hospitalised or gets a prolonged hospitalisation due to the event. 

This threshold for defining an AE affects the incidence.   

Harm rates also depend on the setting included in the studies. Patients admitted to intensive care (39 

%), oncology (38 %) and surgery (22 %) experience higher rates of AEs on average compared to 

patients in obstetrics (5 %) and primary care (11 %). Patients admitted to general hospitals constitute a 

majority and have a pooled incidence of 14 percent.  

 

 

Figure 5 Percentage of admissions with an AE depending on setting. 

 

Other methodological differences reported to affect the incidence are sample size, inclusion of events 

before or after index admission, the number and types of screening criteria, professional background 

and the chart reviewers’ level of experience [12, 68]. 
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Key message 

 Medication harm is the most common type of AEs reported in cancer patients. 

 Medication harm in cancer patients is related both to systemic anticancer treatment and 

use of other medications.  

 Radiotherapy related AEs are often dose related and can be both short-term and late 

toxicities.  

 The most frequent AEs after cancer surgery are wound problems, genitourinary, 

cardiovascular and gastrointestinal complications. 

 We also need to recognise other safety hazards in cancer care, such as overtreatment 

near end-of-life and underuse of palliative care.  

1.4 Adverse events in oncology 

Cancer treatment often consists of a combination of surgery, radiotherapy and systemic anticancer 

treatments, which in itself, presents a number of hazards to the patient. The reporting of AEs in 

oncology has evolved in response to new treatments and modalities. Before the 1980s, retrospective 

studies provided limited description of AEs, and severity ranking was rare [57]. As clinical trials 

became more common in the 1980s the National Cancer Institute (NCI) developed the CTCAE system 

to detect and document AEs commonly encountered in oncology clinical trials. AEs detected through 

clinical trials do not necessarily reflect clinical practice. AEs can occur throughout the whole 

continuum of cancer care and patients included in specific clinical trials my fail to reflect sufficiently 

the actual clinical setting. It should also be recognised that even large phase three trials are often 

underpowered to accurately assess the risk of low frequency events [69, 70]. Assessing AEs in 

oncology by using the GTT method provides real world data that can complement and validate AEs 

reported through clinical trials. 

In 2011 Lipczak et al. published one of the first studies looking at specific safety hazards related to 

cancer care. They found specific AEs related to cancer treatments such as chemotherapy and 

radiotherapy but also hazards (HAI and surgical complications) similar to those seen in general patient 

populations [71]. During the last decade there have been multiple studies indicating that cancer 

patients experience higher rates of AEs than the general population, with an average of nearly 40 

percent of admissions with at least one AE [10, 23, 72–74]. It is no surprise that cancer patients 

experience treatment-related toxicities but the extent and severity of treatment related harm in clinical 

practice has not been well documented [10]. 
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1.4.1 Medications 

Medication harm is the most common type of AEs reported in cancer patients. Adverse drug events 

related to systemic anticancer treatments are of serious patient safety concern [75]. A study by Damen 

et al. states that chemotherapy and anticoagulants are the two main medication types responsible for 

medication-related AEs [76].  

Short-term toxicities such as nausea, vomiting and diarrhoea are well known AEs related to anticancer 

chemotherapy treatment. Current treatments to control these are reasonably effective in most patients, 

preventing them from developing into severe AEs [77]. On the other hand, neutropenia infection in 

cancer patients is a feared AE related to chemotherapy treatment. Sepsis and septic shock are leading 

causes of intensive care unit admission and mortality in cancer patients undergoing intensive cytotoxic 

chemotherapy [78]. Neutropenia is in itself, an independent risk factor for infection. Additionally, 

acute leukaemia, prolonged hospital stay, prior surgery, advanced disease, the presence of a central 

line catheter and treatment with chemotherapy are significantly associated with infection and sepsis in 

cancer patients with neutropenia [78]. 

Along with increasing cancer-survival rates, long-term sequels after anticancer chemotherapy have 

gained more awareness. Peripheral neuropathy is caused by many chemotherapy agents and associated 

with high morbidity such as depression, ataxia and insomnia [79]. Cisplatin induced nephrotoxicity, 

higher risk of cardiovascular events, fertility problems, fatigue and cognitive dysfunction are other 

severe long-term side effects that can appear years after treatment and have significant impacts on 

patients’ lives [77, 80].      

New systemic anticancer treatments such as targeted therapies and immunotherapy are now well-

established treatments for many cancer types, and their use is continuously expanding. While these 

agents do not lead to AEs associated with many traditional cytotoxic treatments, they can cause a 

whole range of other AEs. Many of the AEs caused by targeted therapies are short-lived or reversible 

when stopping therapy and are often not associated with long-term AEs [80]. Unlike conventional 

chemotherapy, immune checkpoint inhibitors boost the immune system and can lead to a unique 

constellation of inflammatory toxicities known as immune-related AEs. Symptoms occur as 

inflammations in different organs and can sometimes be challenging to identify. If not recognized and 

treated at an early stage immune related AEs can be life threatening. The rate of severe immune 

related AEs requiring immunosuppression and withdrawal of immunotherapy is estimated to be 0.5–

13% [81]. Introduction of new treatments has improved the outcome for many patients with advanced 

cancer. However, their introduction is also associated with unique new AEs that we need to identify 

with real-world data from the clinical setting.    

Studies have also shown that other medications causing AEs are at least as common as chemotherapy 

Narcotic agents such as opioids, sedatives and steroids are high-risk medications often used for 
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palliative care and frequently cause AEs in cancer patients [23, 43, 82, 83]. Systemic anticancer 

treatment has a potentially increased risk of interaction with other medications, in particular warfarin, 

antihypertensive medications, corticosteroids and anticonvulsants [84]. This emphasises the 

importance of medication reconciliation and close collaboration between oncologists and other 

physicians during a course of treatment.  

 

1.4.2 Radiation 

Radiotherapy is a highly effective treatment option for palliation and has a substantial role in the 

treatment of 40 percent of patients cured of their cancer [85]. The process of radiotherapy is complex 

and rapidly evolving with new equipment and technology as well as changes to clinical guidelines. 

There is a long history of documenting incidents and AEs related to system failures in technology and 

the radiotherapy treatment process. In radiotherapy, toxicity is dose related and AEs are to some extent 

expected, but not very often measured in a clinical setting. A systematic review by Shafiq et al. 

summarises that mild to moderate harm occurs to patients in 1500 per million-treatment courses and of 

them about 1.4 percent of patients were reported to have died due to radiation toxicity [86]. Nausea, 

diarrhoea, mucositis, dermatitis and fatigue are common temporary short-term AEs. Radiotherapy can 

also induce chronic changes in non-proliferating normal tissues, with fibrosis being the typical 

example. The potential late toxicities depend upon anatomic region, volume of tissue irradiated, dose 

and use of concurrent chemotherapy. Examples of frequently occurring long-term AEs are cognitive 

dysfunction, lung fibrosis, bowel dysfunction, incontinence and hypothyroidism increasing morbidity 

in cancer patients. Modern techniques such as intensity-modulated radiation therapy (IMRT), image-

guided radiation therapy and proton therapy can reduce the incidence and severity of both short term 

and late toxicities [80]. 

 

1.4.3 Cancer surgery 

In a Swedish national study, hospital acquired infections and surgical/other invasive procedures were 

the most common AEs in surgical care, accounting for more than half of the admissions with AEs 

[30]. Post-operative wound infections were the most common hospital acquired infection. Among 

specific surgical AEs, reoperation was the most common (32 %), followed by organ laceration (18 %), 

postoperative haemorrhage or hematoma not requiring reoperation (16 %). More than 60 percent of all 

surgical AEs were considered preventable [87]. Anderson et al. found that the overall most frequent 

AEs after cancer surgery were wound problems, genitourinary, cardiovascular and gastrointestinal 

complications [29]. 
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Key messages: 

 Good and reliable measurements are the foundation from which to advance quality 

improvement. 

 Different measurement methods identify different AEs and each method has its 

strengths and limitations. 

 The Global Trigger Tool provides an easy-to-use method for identifying AEs and 

measuring the rate of AEs. 

 The GTT method is not specific enough for cancer patients, raising a need for a more 

specific trigger tool to identify AEs in cancer patients.  

 

1.4.4 Other safety hazards 

A single-minded focus on cancer treatment toxicities may fail to recognise other AEs related to the 

diagnostic process, general care and palliative care that can occur throughout the continuum of cancer 

care.  

Deaths occurring within 30 days of chemotherapy are increasingly recognised as an indicator of 

quality in cancer care [88]. In general, anticancer treatment given in this late phase of the disease 

rarely benefits the patient, and may even hasten death [89–91]. A systematic review of the efficacy 

and safety of anticancer treatment compared to palliative care found no difference in overall survival 

and significantly more severe AEs among patients with an estimated survival of less than 6 months 

[92]. Patients receiving anticancer treatment had significantly higher incidence of severe levels of 

fatigue, nausea/vomiting, mucositis, neuropathy and myalgia leading to poor quality of life.  

Early integration of specialised palliative care alongside traditional cancer treatment has been shown 

to contribute to better oncology care for patients and families, in terms of better symptom 

management, quality of life, satisfaction with care and less psychological distress [93]. Based on this, 

the underuse of palliative care, may in it self represent a failure to provide the best standards of care 

for cancer patients with advanced disease.   

 

 

 

1.5 Measurement of adverse events 

 

After nearly two decades, accurate and reliable measurements of AEs remain a major challenge for the 

patient safety field [6, 7, 94]. Measuring AEs is more difficult than measuring many other health care 

processes or outcomes. This is partly because AEs needs to be understood in the context of the 

complex systems within which they occur. An AE is usually the result of numerous latent system 

factors in addition to more manifest clinical factors affecting the process of treatment and care of a 

patient. Latent system factors such as, for example poor patient flow and inadequate staffing, are 

difficult to measure because they occur over a broad time frame and space, and may exist for long 
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periods before they lead to a more apparent AE directly related to patient care. Active clinical factors 

can be omission or commission affecting processes related to treatment or care of the patient (such as 

administration of the wrong dose of a medication) and are easier to measure because they are limited 

in time and space [95]. Different measuring methods vary in their precision, accuracy and ability to 

detect latent and active failures resulting in harm to patients. A comprehensive monitoring system for 

patient safety might include combinations of methods measuring both latent and active failures [95].   

 

 

1.5.1 Different methods to measure adverse events 

Many methods have been developed to detect AEs. A relatively easy way to is to utilise already 

available administrative data. Storesund et al. found that using ICD-10 codes to identify AEs in 

surgical patients overestimated the rate of AEs compared to rates found by the GTT method [96]. 

Another widely used method to measure AEs in healthcare is voluntary reporting. Incidence reporting 

systems detect only 2-8 percent of AEs detected using the GTT method and only 5 percent of the AEs 

detected by the GTT method were reported to a national repository for sentinel events [97]. A study 

from Denmark on patients with lung cancer compared safety information reported to national database 

with AEs found using the GTT method. Both methods had an equally good identification of specific 

surgical complications, but the GTT covers a broader spectrum of safety issues related to infections, 

other procedures, pain management and care in general than the national database [98]. Another study 

by Lipczak et al. comparing three different methods of measuring AEs in cancer patients finds that the 

methods complement each other and find different types of AEs. Healthcare personnel report 

treatment-related (chemotherapy, surgery, procedures and radiotherapy) AEs to the national registry. 

The GTT method uncovers mainly HAI and complications related to procedures and surgery, while 

patients report mainly on the clinical process related to diagnosis/assessment and communication [71].  

The incidence of AEs varies markedly depending on the method used and no method seems to provide 

complete detection of AEs [99, 100]. Different methods identify different AEs and each method has its 

strengths and limitations, as seen in the overview provided in Table 2. It is therefore important to 

consider these strengths and limitations when choosing a method and often a combination of methods 

is recommended to obtain complete detection of AEs [6, 101]. 
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Table 2 Strength and limitations of different methods to measure AEs 

Measurement Method Type of failure 

detected 

Strengths Limitations 

Administrative data 

- ICD-10 codes 

- Length of stay 

- Readmissions 

 

Mainly active 

failures 

Utilizes readily available 

data, inexpensive. 

Routinely collected. Can 

screen big populations. 

Integrates multiple data 

sources.  

Incomplete and inaccurate data. 

No clinical context.  

Incidence reporting  

- Local and national 

databases 

Latent system 

failures and active 

clinical failures 

Part of routine. Provide 

multiple detailed 

perspective over time. 

Can identify rare AEs.  

Underreporting. Reporting and 

hindsight bias. Difficult to 

generalise. Timeliness.  

Malpractice claims Latent system 

failures and active 

clinical failures 

Provide multiple 

perspectives.  

Reporting and hindsight bias. 

Non-standardised data.  

Patient reported outcome 

measures (PROMs) 

Latent system 

failures and active 

clinical failures 

Patient experience, 

different perspective  

Reporting and hindsight bias. 

Need of standardised and 

relevant instruments to measure.   

Retrospective Record 

Review  

- Full chart review 

- HMPS 

 

Mainly active 

clinical failures 

Quicker, cheaper and 

easier than prospective 

studies.  

Information bias in medical 

records and hindsight bias. 

Reliability concerns. Resource 

extensive. Risk of selection bias. 

Subject to confounding factors.   

Trigger tools 

- GTT 

Mainly active 

clinical failures 

Regular update on data. Information bias in medical 

records and hindsight bias. 

Reliability concerns. Excludes 

omission and preventability. 

Limited review time.   

Observation of patient care 

- Direct observation 

- Filming 

Active clinical 

failures 

Potentially accurate and 

precise. Provides data 

otherwise unavailable. 

Detailed information. 

Prospective.  

Difficult to train observers. 

Observation modifies 

behaviour. Expensive. 

Confidentiality concern. Not 

good for detecting latent system 

failures. 

Clinical surveillance 

- Clinical registry data 

Active clinical 

failures 

Potentially accurate and 

precise for rates of AEs. 

Prospective. Timely 

feedback. 

Incomplete and inaccurate data. 

Expensive. Latency in data 

reporting. Not good for 

detecting latent system failures. 
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1.5.2 Retrospective record review using triggers 

The retrospective record review (RRR) obtains data from patient journals to answer clinical queries. It 

is a commonly used methodology in healthcare research and quality assessment of AEs. Yet, 

performing a full retrospective record review of all information included in a patient journal can be 

very cumbersome, time consuming and costly. RRR using triggers provides a structured approach to 

identify AEs and involves the application of different criteria or triggers to guide the medical record 

review process. A trigger can be defined as a “clue” or “flag” that “triggers” further investigation to 

determine the presence or absence of an AE. Trigger tools potentially enable the review process to be 

more efficient than a full chart review. The two most widely used structured RRR methods using 

criteria or triggers to identify AEs are the Harvard Medical Practice study (HMPS) and the IHI GTT 

method. While the HMPS was designed as a RRR method for researchers, the GTT method was 

primarily designed as a quality improvement tool to be used in clinical practice. An analysis by Hogen 

et al. comparing seven methods of measuring AEs indicates that RRR has the potential to identify the 

largest number of AEs and provides the richest source of information concerning such incidents [55, 

102].  

 

 

1.5.3 The Global Trigger Tool 

In 2003 The Institute for Healthcare Improvement developed the Global Trigger Tool (IHI GTT) to 

provide an easy-to-use method for accurately identifying AEs and measuring the rate of AEs over time 

[103]. The GTT method is a two-stage manual retrospective review of a random sample of inpatient 

hospital records using 54 triggers to identify AEs. A time frame of 20 minutes is set for the review of 

each patient record. With this limited time, it is unlikely that all AEs will be identified in larger 

records and the intent of the method was not to identify every single AE. Rather, it should allow for 

sufficient safety improvement in the hospital. Severity of the AEs is categorised according to an 

adapted version of the NCC MERP index.  

The Norwegian version is identical to the IHI GTT, except for minor changes to three triggers 

(Appendix II) [63, 104]. Figure 6 illustrates the review process of the Norwegian GTT method used in 

our research.  
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Table 3 GTT review process to detect AEs in patient journals 

 

 

If it is uncertain whether an AE has occurred, the method recommends takeing the viewpoint of the 

patient and asking; “Would I be happy if this happened to me?” This stresses that the patients` 

perspective should be emphasised when deciding whether the incident is an AE or not.  

 

The GTT method is widely used in numerous healthcare organisations and countries all over the world 

[54, 55, 105]. The sensitivity and specificity of the method has proven very high compared with other 

methods for detecting AEs using an RRR approach [99, 106, 107]. While the original GTT method 

was developed for adult inpatients, it has since been modified for use in many different hospital 

specialties, deceased inpatients, primary care, nursing homes and even dental practices [55, 108]. This 

illustrates the adaptability of the method and that using the methodology in specific fields of 

healthcare can provide a more accurate and detailed information on AEs to use in further quality 

improvement.  

 

1.5.4 Considerations using the Global Trigger Tool method 

The IHI method has received criticism because it underestimates the true burden of harm because it 

does not detect diagnostic errors and errors of omission, or judge preventability. The IHI definition of 

an AE focuses only on those AEs related to active delivery of care (commission) and excludes issues 

related to substandard care (omission). The reason for not including omission of care, is that 

determining if substandard of care leads to an AE can requires detailed information on up to date best 

practice, and subjective judgment of this can affect the reliability of the measurement [103]. The 

problem with excluding omission is that it may not be possible from the level of detail in the medical 



 

 

36 

records to determine whether the AE was commission or omission. AEs associated with omission are 

noted as an important source of learning for improvement and should therefore perhaps be included 

[66].  

 

The IHI definition also includes all AEs whether preventable or not, arguing that if an AE occurs it is 

always harmful to the patient. The GTT protocol states that there should be no attempt to measure 

preventability, as AEs which are unpreventable are only an innovation away from being preventable. 

IHI argues that if the definition of AEs constantly changes depending on what is deemed preventable, 

any measure over time would become meaningless [103]. Studies of preventability show large 

variations, and there are great challenges associated with subjective judgment of preventability and 

variations in how this is measured [54, 109, 110]. 

It must be acknowledged that retrospective record review methodology using triggers is also at risk of 

bias that could lead to over- or underestimation of AEs. Contextual factors within healthcare systems, 

such as variation in the quality and methods of medical and patient record documentation across 

countries and hospitals, might be a key information bias leading to variation in AE detection. Most 

hospitals in high- and middle-income countries now use electronic patient records to document 

medical practice, but the quality and structure of the documentation may vary considerably. It is only 

possible to review what has been documented and lack of documentation may pose a limitation.  

Hindsight bias is another limitation using RRR methodology. Hindsight bias is the influence of 

knowing the outcome and its severity on the judgement of causation [111]. This can be present in all 

types of retrospective record review, but especially if the outcome in known to be severe or result in 

death, a hindsight bias may result in a more critical review leading to overestimation of AEs. 

 

 

1.5.5 Trigger Tools in oncology 

Lipczak et al. published one of the first studies using the GTT method to search a disease specific 

knowledge in cancer care. They found the GTT method not specific enough for cancer patients, where 

hazards are related to specific treatments such as chemotherapy and radiotherapy in addition to general 

hazards [98]. The IHI GTT includes 31 triggers unrelated to oncology and 11 that could possibly be 

adapted to the field [23]. The use of the GTT to monitor patient safety in cancer care is also limited by 

the fact that it is a generic tool specifically focusing on hospitalised patients, while most cancer 

treatments are delivered in an outpatient setting [71].  
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As part of the 1000 lives campaign in Wales, Velindre Cancer Centre developed an oncology specific 

addition to the UK Global trigger Tool. They added 17 cancer specific triggers with the aim of 

achieving a more specific identification of AEs experienced by patients treated for cancer. [112]. Each 

of the 17 triggers had a definition with the relevant CTCAE grading system included to differentiate 

what was considered an AE. Examples of specific cancer-related triggers are mucositis, constipation, 

aspiration, neutropenia and extravasation. 

 

Mattsson et al. evaluated the additional value by adding this oncology module to the general IHI GTT 

and found no significant difference between the review methods [113]. Most likely this is explained 

by the measurement properties of the method and moderate inter-rater agreement between the review 

teams. They found the same total number of AEs but only one-third of these were identical events. 

The oncology module identified AEs related to dysphagia, diarrhoea and constipation not identified by 

the general module, indicating that oncology triggers may identify specific types of AEs related to 

oncology treatment not identified by general triggers.     

 

Hébert et al. developed another oncology specific trigger tool measuring ADEs guided by flowcharts 

and standardised grades of harm. An expert panel constructed the flowcharts using international 

guidelines, good clinical practices and local recommendations [23]. They ended up with a total of 25 

triggers, where each trigger had its own ADE analysis flowchart describing the criteria needed to 

confirm or reject ADE occurrence. This reduced the inter-rater variability and produced a robust 

oncology medication focused trigger tool, which on testing yielded a high rate of ADEs.  

 

Recently Lipitz-Snyderman et al. developed a cancer specific trigger tool that identifies AEs occurring 

in ambulatory and inpatient settings during the whole continuum of cancer care [114][115]. The final 

modified trigger tool includes 49 triggers or readily identifiable clinical indications of potential harm. 

The overall positive predictive value of the triggers was 0.48, with great differences in performance 

between the triggers. The sensitivity of the medical record review using this tool was estimated to be 

92 percent compared with the gold standard of combining confirmed AEs from medical record 

reviews and incidents reported to the local reporting database. The ultimate objective is to optimise the 

tool`s efficiency by creating automated real-time AE detection and mitigation algorithms [115, 116].  
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2 Aims of the thesis 

 

The overall aims of this thesis are to determine the rates, severity and types of AEs in hospitalised 

cancer patients compared to other patients and to elucidate how AEs can be used as a clinically 

relevant measure of quality and safety in cancer care. 

 

 

The specific objectives are: 

Paper I 

To investigate whether cancer patients have a higher risk of AEs compared to a general hospital 

population as documented by the IHI Global Trigger Tool. 

 

Paper II 

To investigate the contribution of severe AEs to death in hospitalised patients and clarify 

methodological challenges using the Global Trigger Tool method on all inpatient deaths compared to a 

sample of general hospitalised patients. 

 

Paper III  

To investigate the association between anticancer treatment given during the last 30 days of life and 

AEs contributing to death and elucidate how AEs can be used as a clinically relevant measure of 

quality and safety in end-of-life cancer care.     
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Key messages: 

 Since 2010, it has been mandatory for all Norwegian hospitals to review AEs using the 

GTT method.  

 All our studies are retrospective cohort studies using the GTT method to assess rates, 

severity and types of AEs.  

 In addition to systematic bias, other causes of variation such as case mix, use of 

denominators, sampling and sample size should be considered explaining differences in 

rates of AEs. 

 Poisson regression or Negative binominal regression was applied to compare rates of 

AEs, severity level and types of AEs 

3 Material and methods 

 

3.1 Setting 

All three studies were conducted at Nordland Hospital Trust in Northern Norway. The trust has three 

somatic hospitals: one central hospital and two smaller district general hospitals with 524 beds in total 

and provides healthcare to a population of approximately 136 000 inhabitants. Cancer patients are 

treated and hospitalised in all three hospitals and accounted for a stable rate of 11 percent of 

admissions during the study period between 2010 and 2013. Only the central hospital has a separate 

oncology-, haematology department and specialised unit for palliative care. All three hospitals provide 

ambulatory chemotherapy, while palliative radiotherapy and most cancer surgery is performed at the 

central hospital. None of the hospitals has a separate oncological inpatient unit. Accordingly, 

specialists in fields other than oncology retain the everyday medical responsibility for cancer patients 

when they are admitted to hospital.  
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3.2 Study design 

All three studies are observational. We collected data retrospectively on different cohorts of 

hospitalised patients to observe the incidence rate of adverse events. An advantage with cohort studies 

is that they can examine various outcome variables and permit calculation of the effect of each 

variable on the probability of developing the outcome of interest [117]. The major disadvantage of 

cohort studies is the impossibility of controlling for all confounding factors that might differ between 

the groups [117]. 

Observational studies are often used to investigate the cause of diseases, but also have a role in 

healthcare research looking into the benefits and harms of medical treatment [118]. Observational 

studies can be carried out either prospectively (from the present time into the future) or retrospectively 

(look to the past to examine outcomes). Prospective design has been ranked higher in the hierarchy of 

evidence than a retrospective design [119]. The advantage of a prospective cohort study is the 

accuracy of data collection with regard to exposures, confounders, and outcome. However, 

prospective studies are often expensive and time-consuming because of a usually long follow-up 

period. They also have a potential failure with follow up. Retrospective cohorts, on the other hand, are 

often cheaper and quicker as the data are already collected, but there is a risk of missing relevant 

information since the data was collected for other reasons [120].  

A study by Michel et al. comparing three observational methods’ (cross sectional, prospective cohort 

and retrospective cohort) ability to identify AEs found similar rates of AEs by means of the 

prospective and retrospective cohort, while the point prevalence obtained by the cross sectional 

method was about one third of the two other methods [121]. This equal ability to identify rates of AEs 

indicates that the use of retrospective cohort studies is suitable to assessing rates of AEs in healthcare 

research in a cost and time effective manner. 

Practicality and feasibility inherent in the study design typically dictate whether a cohort study or a 

case-control study is appropriate [122]. All our studies are retrospective cohort studies since we at the 

start of the studies did not know the outcome status (rate of AEs) of the different subjects included. 

Figure 7 illustrates the study design for retrospective cohort studies used to investigate rates of AEs. 

Since retrospective cohort studies are often influenced by different confounding factors the aim is to 

evaluate associations and not causality between outcome and exposures. Even so, using Beverly Hills 

criteria of causation can provide an epidemiological approach to imputing causality in quality 

improvement initiatives and research [123].  
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Figure 6 Illustration of retrospective cohort study design used to investigate rates of AEs. 

 

 

To ensure high-quality methodological rigor many journals recommend using STROBE guidelines 

(Strengthening the Reporting of Observational Studies in Epidemiology) in reporting the results of 

observational studies [118, 124]. The STROBE guidelines provide a checklist for observational 

studies and are also recommended for retrospective record reviewing studies to ensure high quality 

[125]. The STROBE guidelines where followed in writing all three papers.  

 

3.3 Method 

In 2010, The Norwegian Ministry of Health and Care Services mandated all hospitals to review a 

minimum of 20 randomly selected medical records per month using the Norwegian version of the IHI 

GTT [104]. This initiative was part of a planned national safety campaign aimed at reducing harmful 

events to patients and increasing the focus on patient safety in hospitals.   

To achieve more accurate measurement and better support for local improvement initiatives, Nordland 

Hospital Trust chose from the start to review 140 records monthly [68]. The first three years this was 

done as a standard manual review of the electronic health record. By 2013, the health trust developed 

and implemented a modified GTT method where triggers are automatically identified and only records 

with triggers are reviewed manually to determine if the triggers represent an AE [126]. The review of 

all three studies was done manually and conducted according to the Norwegian version of the IHI 

GTT [63].  
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At the time of our research, the UK Global Trigger Tool was the only oncology-specific trigger tool 

developed and we used a modified version of this reviewing cancer patients in Papers II and III [112].  

In our modified version, we ended up with 21 oncology specific triggers. In addition to the triggers 

included by Velindre Cancer Centre, we added another 4 triggers; hyperkalaemia, neuropathy, 

allergic- and anaphylactic reaction. These triggers are included in the general UK GTT but not in the 

IHI GTT. They were added since we found them relevant to oncology. An overview of all triggers is 

presented in Appendix III.  

 

For the oncology triggers we used the CTCAE definitions and classifications to identify if harm had 

occurred to the patient before we assessed the severity of the AE using the adapted NCC MERP index. 

When combining the use of these two reporting systems we see that CTCAE grade 3-5, is always 

consistent with AEs according to the NCC MERP index. The intention in using the CTCAE grading as 

part of the assessment was to standardise the process and what was considered an AE.   

 

Table 4 Example of oncology trigger “O4 Diarrhea”  

Diarrhea 

A disorder 

characterised 

by an increase 

in frequency 

and/or loose or 

watery bowel 

movements. 

Grade 1 Grade 2 

Severity E 

Grade 3 

Severity F 

Grade 4 

Severity H 

Grade 5 

Severity I 

Increase of <4 

stools per day 

over baseline; 

mild increase 

in ostomy 

output 

compared to 

baseline   

Increase of 4 – 6 

stools per day 

over baseline; 

moderate increase 

in ostomy output 

compared to 

baseline; limiting 

instrumental ADL 

Increase of >=7 

stools per day over 

baseline; 

hospitalisation 

indicated; severe 

increase in ostomy 

output compared to 

baseline; limiting 

self-care ADL 

Life-threatening 

consequences; 

urgent 

intervention 

indicated 

Death 
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In Paper I, seven different teams in the health trust made the retrospective review of records routinely. 

Patients under the age of 18 years, admitted for less than 24 hours and admitted for rehabilitation or 

psychiatric care were excluded, since triggers are not developed for these areas. For our study, we 

gathered these data into a complete database of 6720 reviews performed between January 1st 2010 and 

December 31st 2013. Cancer patients were reviewed together with the other patients and separated 

afterwards for the study. 

 

Figure 7 Flowchart of study design and population in Paper I 
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In Paper II, the retrospective review of the 1 680 general patient records was done as in Paper I. All 

377 patients who died in our three hospitals during 2013 were included in the inpatient death sample. 

An independent team consisting of two nurses and one physician did the review during six months in 

2015. The review was done in the same way as the general sample, but the physician reached 

consensus together with the nurses. To validate the results, we added another step to the process, 

where two other physicians independently re-reviewed the records of AEs contributing to death, and 

agreed/disagreed on the AE, severity and type of harm. Finally, the physician from the primary review 

team and the verifying physicians discussed the findings and reached consensus. 

 

Figure 8 Flowchart of study design and population in Paper II 
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Paper III includes 247 cancer patients who died during hospitalisation in 2012 and 2013 at our three 

hospitals. Two oncology nurses and one oncologist did the review during six months in 2015. All 

cancer patients were reviewed together before they were divided into two groups; one group that had 

received any kind of anticancer treatment during the last 30 days of life and a second group that had 

not received any treatment. Also, in this study, we added a last step to the process to validate our 

results, where two different physicians independently re-reviewed the records of AEs contributing to 

death and confirmed/rejected the AE, severity and type of harm.   

 

 

Figure 9 Flowchart of study design and population in Paper III 
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3.4 Methodological considerations 

All measurements may be subject to some degree of systematic measurement error and therefore result 

in the introduction of bias into the study. Bias related to retrospective record reviewing and use of the 

trigger tool referred to in 1.5.1 could be present in all three studies. Especially, information bias may 

occur in all three papers since the identification of AEs relies on what is documented in the patient 

records. In Paper I seven different teams did the review, the subjective judgment of what is considered 

an AE, and the severity is more likely to vary both individually and between the teams. In Papers II 

and III hindsight bias is more likely to occur since the reviewers knew the outcome, i.e. death for the 

deceased patients. In addition to systematic bias, other causes of variation such as case-mix 

adjustments, sampling, sample size, the validity and reliability must be considered in explaining 

differences in rates of AEs.  

 

 

3.4.1 Case mix adjustment 

Patient characteristics such as age, co-morbidities or disease severity are independently associated 

with incidence of AEs [100]. Differences in specialities, complexity of procedures and services 

provided at different healthcare institutions also affect the incidence of AEs [55, 127, 128]. When 

characteristics differ between the groups it may result in different rates of AEs related to the exposure. 

This can cause over- or under-estimation of the true association and may even change the direction of 

the effect. The GTT method is a measurement tool for quality improvement and does not recommend 

case-mix adjustment. When using this method for research, confounding factors must be adjusted for 

before looking at the outcome-exposure relationship between different groups of patients. Case-mix 

adjustment is also essential when comparing rates of AEs across healthcare organisations with 

different patient populations.  

Therefore, in our statistical analyses, we included and adjusted for generally acknowledged case-mix 

variables in patient safety and cancer care (age, gender, length of stay, hospital, department, type of 

admission, primary malignancy and setting in cancer care). A limitation in all our studies is minimal 

adjustment for comorbidities. We only adjusted for other diseases using primary and secondary 

diagnosis on discharge instead of a more thoroughly assessment using the Charlson comorbidity 

index.               
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3.4.2 Denominators 

Rates, ratios and percentages are used to present and compare data in a meaningful way. The choice of 

denominator used in the calculation of rates will have a substantial impact on the outcome of such 

analyses be it admissions, bed days or particular healthcare processes. The rate of AEs will vary 

depending on the denominator chosen [129]. The GTT methodology recommends three ways to 

present data on AEs:  

 % of admissions with an AE 

 % rate of AEs per admission 

 Rate of AEs per 1 000 patient days   

The two first present AEs as the percentage of patients admitted to the hospital during a defined period 

and being at risk of AEs. This also tells us what patients and healthcare personnel experience and 

provides a more easily understood representation of AEs. Percentage of admissions with an AE 

diminishes the number of events because some patients may have more than one AE during a hospital 

stay. It is therefore less sensitive to change than the two other rate measurements (IHI GTT). Major 

disadvantages using proportion/percentage are that it ignores variations of interest among patients, 

such as age, length of stay, severity of conditions and comorbidity. AEs per 1 000 patient days is the 

traditional measure and is the recommended measure to track the rate of AEs over time. Length of stay 

can be extracted automatically from administrative data and is a recognised indicator for efficiency in 

healthcare [130, 131]. There is a risk of underestimating length of stay using automatic extraction 

from administrative data, since many systems register transfer between hospitals as separate 

admissions. From a patient perspective, length of stay should include all bed days from first admission 

to discharge, regardless of transfer between departments or hospitals. If not all patient days are 

included the denominator decreases and the rate of AE as a whole will increase, presenting a false 

high number of AEs per 1 000 patient days.  

To make sure we used the correct number of days as a denominator we did a manual check of length 

of stay in Papers II and III. In Paper II we found 551 days difference between manual check and 

automatic extraction in the inpatient death sample, 3 504 days vs. 2 953 days. Calculating unadjusted 

rate of AEs per 1 000 patient days for all inpatient deaths we find a significant difference in rates of 

AEs between automatic extraction and manual check, 91.1 vs. 76.7 (p=0.04, RR 0.84, CI 95 % 0.712 – 

0.998). In Paper III we find the same significant difference in rates of AEs per 1 000 patient days, 

automatic extraction 78.6 and manual extraction 64.8 (p=0.05, RR 0.82, CI 95 % 0.677- 1.00). This 

illustrates the importance of collecting the correct number of days when using length of stay as a 

denominator to avoid presenting false high numbers of AEs. 
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3.4.3 Classification by ICD-10 

In Papers I and III cancer patients were identified by matching the patient ID number in the sample to 

primary or secondary C-diagnosis as classified by ICD-10 in the discharge lists of the hospitals.  

Cancer patients’ accounted for a stable annual rate of 11 percent of admissions in the health trust 

during the study period. In Paper I, approximately 12 percent of the records included are cancer 

patients suggesting that this is a representative sample of the population of interest.  

In Norway, it has been mandatory since 1999 for clinicians to code diseases on discharge according to 

the ICD system. Studies and administrative audits of coding in Norway have reported variable coding 

quality raising concern about the accuracy using this type of data extraction for research [132, 133]. 

Due to variation in coding practices, there is a risk of misclassification bias. This may lead to incorrect 

associations of the outcome and may either increase or decrease an observed association [134].  

 

In Paper I we were not able to check the accuracy of coding practices for cancer diagnoses on 

discharge. In Papers II and III all records of deceased patients were checked, and we only found one 

patient in Paper II who was incorrectly categorised with cancer and all cancer patients were coded 

with a cancer diagnosis on discharge. Notification of new cancer diagnosis to the national cancer 

registry is mandatory in Norway. Whenever a clinician code a patient on discharge with a new C-

diagnosis using the ICD-10, a notification is sent to the cancer registry. The registry also sends 

reminders to the clinicians three times a year to fill in this report [135]. This practice prevents misuse 

of the C-diagnosis and increases the accuracy of coding practices for cancer. We therefore argue that 

identification of cancer patients based on primary and secondary C-diagnosis by the ICD-10 system in 

our papers is reliable and accurate with a low probability of misclassification bias.      

 

 

3.4.4 Sampling 

Normally, it would be impractical to collect all data on whole populations, so sampling is a method 

that allows researchers to get information about a population based on results from a subset of the 

chosen population. It is important that the individuals selected are representative of the whole 

population of interest. The IHI GTT method recommends random sampling of 10 patient records 

every two weeks from the entire population of discharged adult patients. Data from such small 

samples may show wide variation from sample to sample [68], and the intent of the method is not to 

measure all types of AEs, but to provide useful information about trends and special cause variation in 

AEs in an organisation and enhance improvement [103].  
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In Paper I, stratified random sampling was used to select records for review. Since improvement 

efforts to reduce harm require focused efforts in specific areas, our health care trust decided to stratify 

the information gathered by seven functional units (surgery, orthopaedics, internal medicine, 

gynaecology/obstetrics, neurology/others and the district hospitals of Lofoten and Vesterålen). A 

systematic random sample of 10 patient records every two week was included from the discharge list 

of these seven units in the health trust. This ensures that the sample contains approximately the same 

proportion of the specified criterion as in the study population. At the same time, it should be 

acknowledged that random sampling might miss rare AEs.  

 

In Papera II and III we included all deceased patients and deceased cancer patients in our three 

hospitals over a set period of time. Including all patients avoids the sampling bias of excluding certain 

individuals. Even if we were able to select data on a whole study population, it is important to keep in 

mind that the study population may still be inherently different from the target population. For 

example, cancer patients who die in hospitals are not necessarily representative of all cancer patients 

dying in this region or the country. There may be differences in the severity of the cancer disease or 

demographics of the patients depending on the type of health care facility, region or country. Hence, it 

is not advisable to generalise the results from a single hospital-based study to all patients, a region or 

country [136].  

 

  

3.4.5 Sample size 

A sample must be of a certain size in order to have the required degree of accuracy in the results and 

identify any significant differences or association that can be present in the study population. A power 

analysis is often used to determine the sample size. Power refers to the probability that our review will 

detect a real effect if it is present and is normally set to at least 80 percent. For all our papers, the null 

hypothesis is that there is no difference in rates of AEs between the mean of the two cohorts, and the 

aim of the studies is to reject this null hypothesis. If we think there is a difference, when in fact it is 

just due to chance sampling variation, we have false positive result or Type I error. Type I errors are 

controlled by choosing the significance level, normally 5 percent. Conversely, if we fail to find a true 

difference, we have a false negative result known as a Type II error. Controlling Type II errors is more 

difficult as it depends on difference between the means of the groups, the variation among included 

patients (SD) and the sample size. Studies with larger samples have greater power, but also differences 

in the mean of the outcome is important [137–139].  
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For Paper I, the review of 6720 patient records (5908 general patients and 812 cancer patients) was 

already performed routinely during 2010-2013 and available to be included in the analyses. Previously 

published GTT studies indicate incidence of AE rates of 15 percent for general patients and studies of 

cancer patients indicate incidence rates of AEs of 20 percent [98, 113]. The significance level was set 

to 0.05. This gives the study a good power of 94.3 percent ability to detect a difference between the 

two groups.  

 

In Paper II, we made a sample size estimation based on previous studies indicating that general 

hospitalised patients experience 15 percent incidence rates of AEs and deceased patients seem to 

experience AEs twice as often (30 percent) [140]. The significance level was set to 0.05 and the power 

was set to 90 percent. The enrolment ratio was set to 0.2 since the standard GTT includes 140 patient 

records per month and 30 patients’ died in the hospitals every month on average. The minimum 

number of patient records to be included was estimated to be 459 general records and 92 deceased 

patients. Since the patient records in the general sample already were reviewed, and we had the 

resources and time, we decided to increase the sample size to include all 1680 records reviewed during 

one year in the general sample and all deceased patients during the same year, approximately 360 

patients.   

 

In Paper III, we found no previous studies indicating incidence rates of AEs contributing to death in 

cancer patients receiving active cancer treatment during the last 30 days of life. For a pilot study, 

calculating sample size a priori to the study is challenging. We therefore did a consecutive sampling of 

all cancer patients who died in the three hospitals between January 1st 2012 and December 31st 2013, 

and ended up with 247 deceased cancer patients in total. During this period, 73 patients received 

active cancer treatment and 174 patients did not receive any cancer treatment during last 30 days of 

life. The study revealed an incidence of 33 vs. 18 percent in the two groups. With a significance level 

set to 0.05 a post-hoc analysis, identified a power of 71.8 percent. This means that the study has a 28 

percent risk of not detecting a difference between the groups when a difference actually exists. This is 

lower than the desirable power of 80 percent. To achieve 80 percent, we would have needed to 

increase the sample size by 59 patients, to 306 patients in total. As an alternative to post-hoc power, 

analysis of the width and magnitude of the 95 percent confidence interval (95% CI) may be a more 

appropriate method of determining statistical power. 
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3.4.6 Validity 

Measurements should be both precise (free of random measurement error) and accurate (free of 

systematic measurement error). Precise or consistent can be used as synonyms for reliable, and 

accurate as a synonym for valid. Reliability and validity are closely related [141]. Figure 11 illustrates 

the correlation between reliability and validity as measurement properties.   

 

Figure 10 Correlation between reliability and validity as measurement properties. 

  

 

Validity refers to the accuracy of a measurement, the extent to which the method measures what it is 

supposed to measure [141]. If research has high validity it means it produces results that reflect the 

real situation. There are four categories of validity that need to be considered in measuring AEs; face-, 

construct-, content- and criterion validity.  
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Table 5 Assessing the validity of the GTT method 

Type of validity What does it assess?  Validity of the GTT method 

Face  The acceptability amongst 

users and experts that the 

method is an adequate 

reflection of the AEs to be 

measured. 

The GTT method is the most common method 

used all over the world to measure AEs [54, 56, 

67] and promoted as the best available single 

method to determine rates of AEs in health care 

settings [142, 143].  

Construct The degree to which a 

method measures what it is 

supposed to measure. 

The method has high sensitivity of 94.9 % in 

detecting at least one AE and a specificity of 

100 % to detect no AEs [100].  

Content The extent to which the 

measurement covers all 

aspects of AEs. 

Concerns are raised about the ability of the 

general GTT method to detect all types of AEs 

in certain specialties (cancer, intensive care, 

paediatrics) [113, 144]. More specific trigger 

tools have therefore been developed for some 

specialties [108, 115, 145]. 

Criterion The extent the results of the 

measure correspond to other 

valid measures of AEs. 

Different methods identify different AEs c.f. 

1.5.1. Compared to the GTT method ICD-

coding overestimates AEs [96], incidence 

reporting and malpractice claims identify fewer 

AEs [97, 99, 146], registry data covers a 

different spectrum of AEs [71], observational 

studies identify incidence of AEs [147]. 

 

 

The validity of a study is determinedl largely by the research design, and to assess the validity we need 

to consider internal validity and external validity. Internal validity refers to the degree of confidence 

that the exposure - outcome relationship being tested is trustworthy and not influenced by other factors 

or variables. To ensure internal validity in our three papers measuring AEs we found the GTT method 

the most appropriate. An important consideration in choosing this method is the definition of an AE 

emphasising the patient’s perspective. The definition for harm includes all physical injury contributed 

to by medical care, even if it just required monitoring or treatment, and gives the method greater 

construct validity than other available review methods requiring harm to prolong hospitalisation. The 

method has high face validity and is the mandatory recommended method to use in identifying AEs in 

Norwegian hospitals. Compared to other available methods, the GTT method is regarded as the best 

single method of determining rates of AEs in hospitalised patients [142]. It is thoroughly researched 
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regarding strengths and limitations and having these in mind when constructing our studies, we were 

confident that choosing the GTT method would provide us with reasonable internal validity measuring 

AEs in hospitalised patients. 

 

External validity refers to the extent to which results from a study can be generalised to other 

situations or groups of patients. To produce valid generalisable results in our three studies we had to 

ensure enough participants and that they were representative of the population we wanted to study. As 

described in 3.3.5, sample size and power estimates where undertaken for all three papers. Papers II 

and III, include the whole population at risk since we included all deceased patients/cancer patients. 

All cancer patients, solid tumours and haematological malignancies were included to increase 

generalisability to all types of hospitalised cancer patients. By including all three available hospitals in 

a region of 136 000 inhabitants the generalisability of the papers is increased even further to all 

hospitalised cancer patients in Norway, in contrast to a single hospital study.  
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3.4.7 Reliability 

Reliability refers to the consistency of a measurement and the extent to which the result can be 

reproduced using the same method under the same circumstances [148]. Reliability is a major 

consideration in studies of quality, where much depends on judgment of standards of care. There are 

three types of reliability: test-retest, inter-rater and internal consistency. 

 

Table 6 Assessing the reliability of the GTT method 

Type of reliability What does it assess? Reliability of the GTT method 

Test-retest The consistency of a 

measure across time. Do 

you get the same results 

when you repeat the 

measurement? 

Innovation and improving standards of care 

alter conceptions of what is considered an 

AE and may change over time. Warning 

about using the method for benchmarking 

and comparison between departments and 

hospitals [149, 150]. 

Inter-rater (IRR) The consistency of a 

measure across raters or 

observers. Do you get the 

same results when different 

people conduct the same 

measurement? 

Criticised for limited agreement between 

review teams regarding what is considered an 

AE and severity level [149, 151, 152]. A 

systematic review indicates moderate to 

substantial IRR with a pooled κ=0.65 [56]. 

IRR increases when using small groups of 

reviewers, consistency in teams, experience 

in reviewing, training and a structured review 

process [56, 68, 99, 109, 152]. 

Internal The consistency of the 

measurement itself. Do you 

get the same results from 

different parts of a test that 

are designed to measure the 

same thing?   

Not relevant for the GTT method since it is a 

single-item test only measuring AEs and no 

other variable.  
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In Paper II we were able to assess the inter-rater reliability between the samples, since 33 patients in 

the deceased sample were already reviewed in the general sample. The review of general patients by 

seven different teams found eight AEs, where three of them contributed to death. Review of the 

inpatient death sample found 26 AEs, where 12 of them contributed to death. Using Cohen`s kappa to 

determining the inter-rater reliability in rates of AEs between the general sample and the inpatient 

death sample there was fair agreement between the reviewers’ judgements, κ = .231 (p=0.07). For the 

three matching AEs contributing to death, the agreement is in reality only one. One of the deceased 

patients died after discharge and was not included in the inpatient death sample. One other AE was not 

considered to contribute to death in the inpatient review sample. A majority of the disagreements are 

identified at the district hospitals in Lofoten and Vesterålen. It seems as if this fair inter-rater 

agreement is due to underreporting of AEs in the general sample, reviewed by seven different teams.  

This is similar to findings from other studies identifying that consistency between teams is 

considerably more difficult to ensure when the review process is decentralised into local clinical areas 

across the institution [153]. An increase in the number of reviewers has also been shown to reduce the 

consistency in utilisation of the definition of an AE. In addition, the definition seems to mitigate 

through time with a tendency to change according to the focus areas and experience of the review 

team. This enhances the importance of a good standardised training process, and consistency when 

team members change [154]. It also emphasises the need for quality assurance by a centralised, 

experienced reviewer when the review process is decentralised into local clinics across an institution 

 

To ensure higher levels of reliability in our papers we have made a number of adjustments. To 

increase the consistency of the assessment, all team members had received the same training using the 

GTT method. The training included theory, identical practical review exercises and debrief sessions as 

recommended by IHI [103]. To ensure consistent use of the method a standardised GTT manual and 

reporting sheets were used to guide the review process. For the oncology triggers used in Paper II and 

III additional guidelines using CTCAE classification were used to identify and grade the severity of an 

AE. In Papers II and III, we used a small team of three reviewers with clinical experience in oncology. 

The review process was slightly altered in Papers II and III to include discussion between all 

reviewers before reaching agreement on AEs and level of severity. This was done since collaboration 

and discussion between reviewers have proven to significantly improve the agreement between teams 

[151, 155]. When a team works together closely for a long time, there is a risk of overestimation in 

their ratings. To control for this possible bias we added another step to the review process of Papers II 

and III, where two independent physicians reviewed and discussed the most severe AEs contributing 

to death once more before consensus was reached. Consistent agreement in this step supports that our 

results in deceased patients in Papers II and III are reliable. Making these adjustments to the GTT 

method, we argue that we have increased both the validity and reliability of the method and our 

results. 
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3.5 Statistical analyses 

Poisson regression or Negative binominal regression in Generalised linear models was applied to 

compare rates of AEs, severity level and types of AEs expressed as counts between the different 

samples. Which one of these was most appropriate depends on whether the counts follow a Poisson 

distribution, where the mean and the variance of the counts are equal. In Paper I, we had an 

unbalanced group size (general patients 88 percent and cancer patients 12 percent) and an excess of 

zero AEs resulting in overdispersion, where the variance is greater than the mean. For overdispersed 

data, we chose to use Negative Binominal distribution since it has an additional parameter that models 

for the variance [156, 157]. In Paper II and III the samples sizes are more balanced and the incidence 

of AEs is higher resulting in approximately equal values of the mean and variance, and the data 

fulfilled all five assumptions using Poisson regression. Logarithm of patient days was used as offset 

variable to compare rates per 1 000 patient days. For admissions with AEs the offset variable was set 

to a fixed value of zero. Adjustment for demographic variables was done by including them as 

covariates. Incidence rate ratio (IRR) was obtained as a relative measure of the effect and 

approximated the relative risk or the odds ratio if the occurrences are rare.   

In Paper III we used Binary logistic regression to analyse whether AEs were significantly associated 

with use of anticancer treatment during the last 30 days of life. AEs contributing to death were set as 

the dependent variable (dichotomous yes/no) and treatment given during last 30 days was set as a 

categorical independent variable. Based on previous knowledge about confounding factors for AEs 

and by assessing which variables were a potential confounder we build a model included length of 

stay, age, gender and primary malignancies as covariates. Both unadjusted and adjusted odds ratio 

(OR) were obtained as a measure of the effect treatment during the last 30 days of life had on AEs 

contributing to death.  

Demographic variables were summarised using descriptive statistics. Statistical association between 

samples for non-parametric continuous variables was compared using the Mann-Whitney U, since data 

were not normally distributed and could not be transformed. Categorical variables were compared 

using Chi square, Fisher`s exact or Linear-by-Linear test, depending on the number of counts and type 

of outcome. For all analyses, we used two-sided tests and the significance level was set at 5 percent, 

reporting 95 % CI when relevant. The statistical analyses were performed using the IBM SPSS 

statistical package, version 23.0 - 25.0. 

When performing statistical a test there is always a chance of committing a Type I error. It is also 

known as “false positive” and is the error of accepting the alternate hypothesis when the results can be 

attributed to chance. Type I error is generally reported as the p-value (significance level) and is 

traditionally set to 0.05 or 0.01 to minimize the possibility that the variation seen is due to chance. 
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When performing multiple testing, the chance of a rare event increases and the risk of committing 

Type I errors also increases. To reduce the probability of Type I errors the number of hypotheses 

tested together should be limited and the significance level can be reduced proportionally to the 

number of tests (Bonferroni correction) [158]. This was taken into considerations when performing the 

Binominal logistic regression in Paper III. Regardless of significance level, adjustment for other 

variables (age, length of stay etc.) increases the validity of our results. 

 

3.6 Ethical consideration 

The studies were performed in accordance with the Helsinki Declaration of 1975. The project proposal 

was submitted to the Regional Committee for Medical and Health Research Ethics in Norway 

(Protocol ID: 2013/1823). They categorised the purpose of the project as quality assurance, and 

therefore not requiring approval by the committee cf. The Health Research Act §9 and The Research 

Ethics Act § 4 [159].  

The main argument from the committee is that the project does not generate new knowledge about 

health and disease. They refer to the guidelines for The Health Research Act chapter 2.4 where 

“quality assurance is defined as projects, investigations or evaluations with the purpose to control that 

diagnostics and treatment gives the intended results. Quality improvement work must be based on 

systematic documentation.” Neither research nor quality assurance are unambiguous concepts and it 

can  be difficult to determine what a project should be classified as [160]. There is great variation in 

the interpretation of research issues related to patient safety and WHO recommend that when in doubt, 

all projects should be submitted to the ethic committees to determine if approval is needed [161]. 

The project was approved by the Data Protection Office at Nordland Hospital Trust in 2013 in 

accordance with the Personal Data Act of April 2000 no. 31, allowing the Data Protection Office to 

approve research of limited scope. The information from the patient records was anonymised after 

extraction and included in databases. The databases and all other research material were hosted within 

an encrypted environment with restricted access granted only to involved research personnel. 

Quality assurance work is mandatory according to the requirements of the Norwegian Health 

Specialised Service Act § 3-4 a, and in the Hospital Trust health information can be obtained from 

patient records without consent for such purpose in accordance with The Health Personnel Act § 26. 

Baker et al. suggests three guiding criteria to justify waiver of consent in quality improvement 

research [162]. First, the quality research must be of minimal risk and the disadvantages of not being 

informed are considered minimal. Confidentiality and safeguarding of sensitive data are also required. 

Secondly, collecting data should be part of the quality assurance work of the health trust. Thirdly, 

collecting informed consent from patients or relatives of deceased patients would be costly, time 
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consuming and might even be a burden or inconvenience for the patients/relatives. We regard that all 

these criteria were met in all three studies.    

Since the purpose of our research is ultimately to improve patient safety, the results of our research 

have been reported back to the hospital leadership so that appropriate actions can be taken at the 

system level [161]. It has also been an ethical obligation towards the health trust to inform the 

leadership about the results before they were published, since they potentially could reveal sensitive 

information about the safety level of the institution.      
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Key messages 

 Cancer patients experience 39 percent more AEs compared to general patients.  

 Length of stay and age are the main risk factor for experiencing an AE. 

 Higher rates of AEs are identified in deceased patients. 

 Patients receiving anticancer treatment during the last 30 days of life experienced 

nearly double the rate of AEs contributing to death compared to patients not receiving 

such treatment. 

 Healthcare associated infections, surgical complications and medication harm are the 

most common AEs. 

 

4 Results 

In this thesis, we examine differences in rates, severity and types of AEs in cancer care measured by 

the GTT method. Since the three papers are strongly connected, the results are presented by theme 

rather than separately for each paper. This also allows to more easily compare results across the three 

papers.  

4.1 Patient characteristics 

Patient characteristic in Papers I and II are almost the same, while deceased cancer patients included in 

Paper III have a longer length of stay, are older and more often male. Demographic variables for the   

9 019 patients included in all three papers are presented in Table 7. 

Table 7 Demographic variables 

 

Mean length of stay, days (SD) 6.4 (7.4) 6.1 (7.5) 12.5 (12.7)

Mean age, years (SD) 61 (21.0) 62 (21.3) 73 (12.5)

Gender n (%)

Female 4006 (60%) 1175 (57%) 96 (39%)

Male 2714 (40%) 877 (43%) 151 (61%)

Hospital n (%)

Bodø 4800 (72%) 1427 (70%) 156 (63%)

Lofoten 960 (14%) 296 (14%) 33 (13%)

Vesterålen 960 (14%) 327 (16%) 58 (25%)

Department n (%)

Internal medicine 1925 (29%) 744 (36%) 120 (49%)

Surgery 2747 (41%) 773 (38%) 116 (47%)

Gyn/Obst 1099 (16%) 276 (13%) 0 (0%)

Neurology 639 (9%) 168 (8%) 2 (0.5%)

Others 309 (5%) 90 (5%) 9 (3.5%)

Cancer patients n (%) 812 (12%) 311 (15%) 247 (100%)

Paper I Paper II Paper III

n= 6 720 n= 2 052 n= 247
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Patient characteristics such as age, gender and length of stay are similar, except that deceased cancer 

patients included in Paper III have a longer length of stay. Cancer patients included in Papers I and II 

more often have surgery and are in a curative setting, while deceased cancer patients in Paper III are 

mainly in a palliative setting. Deceased cancer patients in Paper III received more systemic anticancer 

treatment. Comparison of characteristics for the 1 370 cancer patients included in all three papers is 

presented in Table 8. 

 

Table 8 Characteristics of cancer patients 

 

 

 

 

  

Mean length of stay, days (SD) 8.4 (9.6) 8.1 (8.3) 12.5 (12.7)

Mean age, years (SD) 70 (13.0) 69 (13.1) 73 (12.5)

Gender n (%)

Female 364 (45%) 136 (44%) 96 (39%)

Male 448 (55%) 175 (56%) 151 (61%)

Gastrointestinal 210 (26%) 99 (31%) 69 (28%)

Urinary and male genitalia 208 (26%) 51 (17%) 29 (12%)

Respiratory 95 (12%) 49 (16%) 60 (24%)

Lymphoma and hematology 85 (11%) 35 (11%) 39 (16%)

Breast and gyneacology 146 (18%) 35 (11%) 18 (7%)

Unknown origin and others 98 (12%) 42 (14%) 32 (13%)

Diagnostic 40 (16%)

Curable 281 (35%) 80 (26%) 5 (2%)

Palliative 531 (65%) 231 (74%) 202 (82%)

Surgery 281 (35%) 75 (24%) 12 (5%)

Systemic anticancer 77 (9%) 58 (19%) 116 (47%)

Radiation 40 (5%) 21 (7%) 19 (8%)

None 414 (51%) 157 (50%) 100 (40%)

* Extracted afterwards for the thesis

Paper III

n= 812 n= 311 n= 247

Cancer categories n (%)

Setting n (%)

Treatment n (%)

Paper I Paper II*
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4.2 Incidence of adverse events 

The incidence of AEs in all three papers is presented in Table 9. Incidence is presented as unadjusted 

percentage of admissions with one or more AEs and unadjusted rates of AEs per 1 000 patient days.  

 

Table 9 Incidence of AEs in all three papers 

  

We find that hospitalised cancer patients experience more admissions with AEs compared to general 

patients in both Papers I and II. In Paper I, cancer patients have a 39 percent greater risk of 

experiencing an AE compared to general patients (p<0.00, 95 % CI 1.19-1.62). Estimating the rate per 

1 000 patient days, cancer patients have no higher rate of AEs than general patients, 37 vs. 36 (p=0.65, 

95 % CI 0.90-1.18). Adjusted for demographic variables we still find no significant difference 

between the groups, but the incidence rate of AEs decreased, 24 vs. 26. Length of stay and age are the 

main risk factor for experiencing an AE, increasing the risk by 5.1 percent for each day spent in 

hospital and 1.3 percent for every year increase in age.  

We identify significantly higher rates of AEs for deceased patients compared to both general and 

cancer patients included in Papers I and II. Since the confidence intervals comparing admissions with 

AEs and rates of AE per 1 000 patient days are overlapping, we can also conclude that there is no 

significant difference in rates of AEs between deceased general patients in Paper II and deceased 

cancer patients in Paper III. Deceased patients experience nearly three times as many admissions with 

one or more AEs compared to that identified in the general sample (p<0.001, 95 % CI 2.34-3.43). 

Deceased patients have twice the rate of AEs per 1 000 patient days compared to the general sample, 

76.7 vs. 36.5 (p<0.001, 95 % CI 1.79-2.47).  

Percent CI 95% Rate CI 95 %

General patients Paper I 17.4 % 16.3 - 18.6 36.0 34.1 - 38.0

Paper II 16.3 % 14.4 - 18.3 36.5 32.7 - 40.7

Cancer patients Paper I 24.2 % 20.7 - 28.2 37.1 32.8 - 42.0

Paper II* 29.9 % 24.4 - 36.6 52.6 44.0 - 62.4

Deceased patients Paper II 46.0 % 39.6 - 53.5 76.7 68.1 - 86.4

Deceased cancer patients Paper III* 50.6 % 44.4 - 56.8 64.8 56.1 - 74.4

Deceased cancer patients 

treatment <30 days

Paper III 69.9 % 59.3 - 80.5 81.9 64.6 - 99.2

Deceased cancer patients 

treatment >30 days

Paper III 42.5 % 35.1 - 49.9 55.9 45.7 - 66.2

* Calculated afterwards for the thesis

   AEs per 1 000 patient daysAdmissions with AEs
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Deceased cancer patients are a high-risk population for occurrence of AEs and in Paper III we 

investigated if anticancer treatment given during the last 30 days of life affected this risk. We found 

that patients receiving anticancer treatment during the last 30 days of life had 46 percent more AEs 

than cancer patients not receiving such treatment during the last 30 days of life, 82 vs. 56 AEs per 1 

000 patient days (p<0.01, CI 95% 1.10 – 1.94). In addition, patients receiving anticancer treatment 

during the last 30 days of life experienced nearly double the rate of AEs contributing to death 

compared to patients not treated during the last month of life, 33 vs. 18 percent (p=0.03, adjusted OR 

2.10, CI 95 % 1.09 – 4.01). Receiving follow up by specialist palliative care reduced the rate of AEs 

per 1 000 patient days in both groups by 29 percent (p= 0.02, IRR 0.71, CI 95% 0.53 – 0.96). The 

variability of the individuals is small, so the wider confidence intervals seen in Paper III mainly reflect 

the small sample size.     
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4.3 Severity of adverse events 

Regardless of the type of patients included in the three papers, the majority of AEs identified were 

temporary harms, severity E and F (range 61-95 %). Considerably higher proportions of severe AEs 

contributing to death (severity I) were identified in deceased patients compared to other samples of 

patients (27-32 % vs. 0.9 – 1.2 %). Percentage and number of AEs per patient identified for each 

severity for all three papers are presented in Table 10.  

 

Table 10 Distribution and number of AEs per patient identified for each severity level  

 

 

 

Comparison of severity level 

In Paper I, we found no difference in severity level of AEs between cancer patients and general 

patients. In Paper II we identified considerably higher rates of severe AEs contributing to death 

(Severity I) in deceased patients compared to that found in general and cancer patients in Paper I. 

There was however, no difference between deceased patients and general patients in rates of 

temporary AE per 1 000 patient days. This great difference between deceased patients and the general 

sample of patients is also confirmed when comparing deceased cancer patients in Paper III to general 

hospitalised cancer patients in Paper I. In Paper III, patients receiving treatment during the last 30 days 

of life experienced both higher rates of temporary AEs and AEs contributing to death. 

  

AE/n (%) AE/n (%) AE/n (%) AE/n (%) AE/n (%)

General patients Paper I 0.12 (55) 0.09 (39) 0.008 (3.6) 0.002 (0.8) 0.003 (1.2)

Paper II 0.10 (54) 0.08 (41) 0.007 (3.7) 0.001 (0.6) 0.002 (0.9)

Cancer patients Paper I 0.10 (53) 0.08 (41) 0.007 (2.4) 0.001 (2.3) 0.002 (1.2)

Deceased patients Paper II 0.24 (33) 0.20 (28) 0.03 (4.5) 0.01 (1.9) 0.23 (32)

Deceased cancer patients Paper III 0.28 (35) 0.24 (31) 0.02 (3.0) 0.03 (4.0) 0.22 (28)

Deceased cancer patients 

treatment <30 days

Paper III 0.40 (34) 0.37 (31) 0.02 (2.3) 0.03 (4.7) 0.33 (28)

Deceased cancer patients 

treatment >30 days

Paper III 0.24 (36) 0.20 (30) 0.02 (3.5) 0.02 (3.5) 0.18 (27)

E F G H I

Severity level AE (%)
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4.4 Adverse events contribute to death 

In Paper II, an AE contributed to the death of 86 patients, accounting for 32 percent of all deceased 

hospitalised patients. Lower respiratory infections (48 %) and medication AEs (20 %) were the most 

common types of AEs contributing to death. For medication related AEs contributing to deaths, 70 

percent of the patients had cancer and half of the AEs were lethal complications after chemotherapy.     

In Paper III, an AE contributed to the death of 55 patients, accounting for 22 % of all deceased 

hospitalised cancer patients. AEs contributing to death were mainly healthcare associated infections 

and medication related AEs. Systemic anticancer treatment contributed to death in 11 percent of 

patients receiving systemic anticancer treatment, all given during the last 30 days of life (Figure 11).    

 

Figure 11 AEs and death due to systemic treatment in deceased cancer patients 

 

Patients receiving anticancer treatment during the last 30 days of life experienced nearly twice the rate 

of AEs contributing to death compared to patients not being treated during the last month of life, 33 

vs. 18 percent (p=0.03, adjusted OR 2.10, CI 95 % 1.09 – 4.01). For cancer patients not receiving 

treatment during the last 30 days of life, healthcare acquired infections contributed to death in 58 

percent of the patients. An AE contributed to death more commonly in patients with lymphoma and 

haematological malignancies (Sres 2.1).  
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4.5 Types of adverse events 

 

Healthcare associated infections, medication harm and surgical complications are the most common 

types of AEs identified in all three papers. These types of AEs are also the most common types of AEs 

found in cancer patients (Figure 12). Adjusted for length of stay and other demographic variables in 

Paper I, medication related AEs are the only type of AEs cancer patients have higher rates of 

compared to general patients, 2.6 vs. 1.6 (p=0.045, RR 1.58, 95 % CI 1.01-2.46). In Paper II we found 

that most of the medication AEs in cancer patients were related to systemic anticancer treatment. In 

Paper III we investigated this more in depth and found that 24 percent of deceased cancer patients 

receiving systemic anticancer treatment had an AE related to the treatment. Patients receiving 

anticancer treatment during the last 30 days of life had more than twice the rate of medication related 

AEs, 21 vs. 9 AEs per 1 000 patient days (p<0.001, RR 2.35, CI 95 % 1.55-3.58).  

 

 

Figure 12 Comparing types of AE between general patients and cancer patients 
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Comparing patients included in all three papers we see that the rate of surgical complications was 

identical, while healthcare associated infections and medication harm were identified considerably 

more often in deceased patients and deceased cancer patients (Figure 13). In Paper II, deceased 

patients experienced nearly twice the rate of healthcare associated infections per 1 000 patient days 

compared to the general sample, 42 vs. 33 percent (p<0.001, RR 1.87, 95 % CI 1.36-2.57). These were 

mainly lower respiratory infections, 25.5 vs. 10.5 percent. Deceased patients also had more than five 

times the rate of AEs per 1 000 patient days related to medications than the general sample, 28.0 vs. 

8.3 percent (p<0.001, RR 5.21, 95 % CI 3.04-8.9). In addition, pressure ulcers were identified more 

often in deceased patients and bleeding and thrombosis were found more often in deceased cancer 

patients.    

 

 

Figure 13 Comparing types of AEs between the three papers  
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Key message 

 Cancer patients have a 39 percent greater risk of experiencing an AE compared to 

general patients, mainly due to longer length of stay and older age rather than the 

cancer itself. 

 Patients dying in hospitals experience more than twice as many AEs compared to 

general patients and cancer patients. 

 For nearly one in three deceased cancer patients an AE contributes to death. 

 Deceased cancer patients receiving treatment during the last 30 days of life have the 

highest rate of AEs compared to any other patient groups included in our three papers. 

5 Discussion 

The discussion is structured around our main findings in all three papers. Results are compared across 

the three papers and in relation to other relevant studies. In addition, we have discussed our findings in 

relation to clinical practice and tried to elucidate how AEs can be used as a clinically relevant measure 

of quality and safety in cancer care.     

 

5.1 Adverse events in cancer patients  

We find that 24-30 percent of cancer patients experience an AE when admitted to hospital. This is 

nearly double the frequency of admissions with an AE compared to general hospitalised patients. Our 

results are in the lower range of the incidence reported in the four oncology studies referred to in 1.3.4 

(range 22-51 %) and are similar to the results reported by Mattsson and Lipitz-Snyderman [73][163]. 

The increase in admissions with AEs and rate of AEs per 1 000 patient days for cancer patients in 

Paper II compared to what was found in Paper I, can be explained by the fact that all deceased cancer 

patients were also included in Paper II. Even though the sample sizes are large in both papers, the 

great variability between the individuals in Paper II is reflected in a wider confidence interval for both 

admissions with AEs and rates per 1 000 patient days, thereby providing a less precise result in Paper 

II [164].  

One important point to note is that when adjusting for length of stay by calculating AEs per 1 000 

patient days there is no difference in rates of AEs comparing hospitalised cancer patients to general 

patients. Hence, when cancer patients experience nearly double the frequency of admissions with an 

AE, longer length of stay is a main explanatory factor.       
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Patients dying in hospitals experience nearly three times as many AEs when admitted to hospital 

compared to general patients and cancer patients. There is no significant difference between deceased 

cancer patients included in Paper III and a general sample of deceased hospitalised patients in Paper II. 

This can be explained partly by the fact that cancer patients accounts for 33 percent of the deceased 

patients in Paper II. Patients dying in hospital are a highly selected group of patients, who are older, 

stay longer and have a narrower range of primary diagnoses. Even after adjusting rates for theses 

variables patients dying in hospitals have nearly twice the rate of AEs per 1 000 patient days compared 

to samples of general patients. Since adjusting for demographic variables did not alter the IRR for rate 

of AEs by more than 10 percent, we can conclude that confounding factors do not influence the results 

to any great extent [165].  

Many patients who die in hospitals are very ill and frail from underlying conditions, making them 

more vulnerable to AEs. In our studies, we have only partly adjusted for comorbidities by including 

primary and secondary diagnosis as confounding factors. To adjust for this more thoroughly we could 

have assessed the patients using Charlsons` comorbidity index or Elixhauser comorbidity based on 

ICD-coding [166, 167]. Doing so would most likely support our observation that patients dying in 

hospitals are a highly selected group of patients more vulnerable to AEs.  

 

The high rate of AEs for inpatient deaths in our study is similar to reviews of inpatient deaths 

performed in the Netherlands and a mortality review programme at Mayo Clinic in the USA [140, 

153]. Nevertheless, our rates are higher than the incidence rate of all the three studies of inpatient 

death (range 13-30 %) [168][127, 169] and much higher than any other studies of general hospitalised 

patients included in section 1.3.4 [54–56, 62].  

The high rates of AE found in our studies can partly be explained by the inclusion of AEs originating 

in primary care prior to admission. The IHI GTT protocol recommends that AEs originating in 

primary care be included and states that approximately 10 percent of AEs are present on admission 

(Griffin). A systematic review by Hibbert et al. finds that AEs present on admission vary with a range 

from 18-40 percent [54]. For our studies the same criteria including AEs originating in primary care 

prior to admission were used for all patients. We find no significant difference in the frequency of AEs 

originating in primary care between general patients and deceased patients, 12 vs 19 percent. 

Frequency of AEs originating in primary care should therefore not have an impact on our finding that 

deceased patients have twice as high rates of AEs per 1 000 patient days compared to other 

hospitalised patients.  

 

In Paper I, we found that length of stay was the main risk factor for experiencing an AE, increasing the 

risk with 5.1 percent for each day spent in hospital. This is supported by other studies reporting that 

longer length of stay is independently associated with higher rates of AEs [72, 100]. Reporting AEs 

per 1 000 patient days takes into account length of stay as an important risk factor.  
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In all our papers, cancer patients have on average two days’ longer length of stay than general 

patients` and for deceased cancer patients the length of stay is even double the length of general 

patients. This implies that cancer patients are at higher risk of AEs than general patients. However, we 

do not know if the longer length of stay is due to increased exposure to hazards or because the AEs 

themselves contribute to longer length of stay. Most likely, a combination of these two factors.   

 

The age of patients is a main risk factor for AEs [23, 100]. In Paper I, we find that for every year 

increase in age, the risk of an AE increases by 1.3 percent. Cancer patients included in all our papers 

are approximately 10 years older than other patients`, increasing the risk of AEs by 13 percent. Age is 

also a strong determinant of cancer risk and an ageing population will lead to an increase of the cancer 

rate per se. This implies that more patients will need cancer treatment, and thereby increase the burden 

on cancer care, and risk of AEs in our hospitals [170]. One interesting clinical aspect of this is, that 

during the last decade old age in itself has not been regarded as a criterion for not receiving cancer 

treatment. Older cancer patients can be affected by altered physiology, functional and cognitive 

impairment, multiple coexisting morbidities, increased side effects of treatment and increased need for 

social support. Knowing that age is an independent risk factor for AEs addresses important 

considerations for the prognosis and treatment of older cancer patients, arguing that clinicians` 

treatment recommendations should be influenced by the patients’ age [8]. A geriatric assessment can 

be a useful tool for assessing risk factors and needs of older patients to support the decision-making 

process.  

 

5.2 Adverse events contribute to death in cancer patients 

Severe AEs (severity G, H and I) are identified seven times more often in deceased patients compared 

to general hospitalised patients. For nearly one in three deceased patients and deceased cancer patients 

an AE contributes to death. Especially, deceased patients receiving anticancer treatment during the last 

30 days of life have a considerably higher rate of AEs contributing to death compared to any other 

patients included in all three papers.   

These rates of AEs contributing to death are higher than in any other GTT studies of general patients 

or cancer patients included in the systematic reviews in chapter 1.3.4. This can be explained by the 

fact that patients dying in hospital are a highly selected group of patients who are older, stay longer, 

are mainly emergency admissions and have a smaller range of primary diagnoses. To have a 

representative population we argue that in measuring AEs contributing to death, reviews should be 

based on inpatient deaths rather than a random sample of general hospitalised patients.  

The large difference in rates of severe AEs between deceased patients and general samples could also 

be explained by the sample size. Severe AEs are rare in general hospitalised patients, and when 

reviewing less than 10 percent of hospitalised patients` we do not get reliable metrics on rarely 
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occurring AEs. Demographic differences and sample size argue that mortality estimates of AEs rarely 

contributing to death should not be extrapolated from GTT reviews of small general samples of 

hospitalised patients. By including all inpatients deaths in Paper II and III we avoid this sampling 

error, and argue that reviewing all in-patient deaths provides new valid and reliable data of severe AEs 

which otherwise would go undetected. Measuring AEs contributing to death can be a powerful driver 

for the safety culture and raise awareness for learning and improvement needed to mitigate future 

occurrences of patient harm. 

In keeping with other studies, we find that regardless of patient groups and setting included in all three 

papers the majority of AEs are temporary harms. Since the majority of AEs result in morbidity and 

disability rather than death, we should keep in mind the importance of also monitoring less severe 

AEs. Comparing rates of temporary harm between the papers we find that deceased patients and 

especially deceased cancer patient treated during last 30 days of life have a higher rate of temporary 

harm compared to any other patients. This indicates that deceased patients does not identify less 

severe temporary harm but rather seems to highlight the reality found in a sample of general patients. 

Limiting the review to a relatively small proportion of deceased patients could therefore also be more 

time and resource efficient than monitoring samples of general patients.  

   

5.3 Harmful anticancer treatment given last 30 days of life 

There are strong recommendations towards limiting the use of aggressive anticancer treatments for 

cancer patients near the end of life [41, 171] and death within 30 days of treatment is increasingly 

recognised as an indicator of quality in oncological care [172]. Nevertheless, we found that one third 

of deceased hospitalised cancer patients received some kind of anticancer treatment during the last 30 

days of their lives. This corresponds to what was found by the UK National Confidential Enquiry into 

Patient Outcome and Death [173].  

Predicting how long patients with advanced cancer are expected to live and deciding if they will live 

long enough to benefit from treatment is challenging. In practice, clinicians often rely on their clinical 

judgment or intuition when estimating prognosis. However, systematic reviews consistently show that 

such estimates are often inaccurate and overly optimistic [174]. Knowledge of the patients` 

performance status and use of prognostic tools can help guide clinicians in decision-making [175, 

176]. Moreover, before recommending systemic anticancer treatment clinicians should always fully 

discuss the aims, likely outcome and possible AEs of treatment with patients, including the option of 

no treatment [93]. Communication of prognostic information and shared decision-making is 

fundamental to avoid overuse of anticancer treatment near end-of-life and meet the individual 

preferences of each patient [93, 177].  
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Deceased cancer patients receiving treatment during the last 30 days of life have the highest 

percentage of admissions with AE and the highest rate of AE compared to any other patient groups 

included in all our three papers. To the best of our knowledge, rates of AEs in this selected population 

of cancer patients have not been documented before and we have no similar studies to compare our 

results with. The incidence rate is much higher than found in any other cancer studies or inpatient 

death studies included in the systematic reviews in section 1.3.4. We find that the odds of experiencing 

an AE contributing to death are twice as high for patients receiving anticancer treatment during the 

last 30 days of life. This included all types of AEs whether caused by systemic anticancer treatment, 

other medications or healthcare acquired infections. It is rarely straightforward to argue that anticancer 

treatment is the direct cause of death. Most likely, reduced performance status, malnutrition and 

immunosuppression amplify the effect of AEs related to anticancer treatment and increase the negative 

impact on the patients` remaining lifetime [91]. Even if these patients are vulnerable and have a 

limited life expectancy, it indicates that anticancer treatment given during last 30 days of life can 

hasten death. Considering the narrow therapeutic/toxic ratio and complexity of many systemic 

anticancer treatments, AEs from cancer treatment will always occur to some extent. However, an AE 

hastening death is never acceptable and when it does occur we need to review the incident and learn 

from it to improve future clinical care.  

One approach to avoid overuse of systemic anticancer treatment is early integration of specialist 

palliative care while still providing active cancer treatment. Early referral to palliative care is 

associated with improved quality of life, fewer acute hospital admissions and less aggressive cancer 

treatment near the end of life [178–180]. Many large professional organisations such as ASCO, 

ESMO, EAPC therefore recommend that palliative care should be an integrated part of oncology care 

for patients with advanced disease [93]. Our findings indicate that patients receiving specialist 

palliative care had significantly fewer AEs than patients not referred to palliative care. Symptom 

management is a key element of palliative care. Diagnosing and managing symptoms at an early stage 

can prevent them from developing into AEs and thereby improve patient safety for cancer patients. 

This supports recommendations of early integration also in a patient safety perspective.  

 

Knowing the positive associations for quality of life and safety benefits for cancer patients referred to 

palliative care, the low referral rate (35 %) of deceased cancer patients is problematic. One reason for 

late referral to palliative care is the perception that palliative care is equal to end-of-life care [181, 

182]. However, this is not in line with the present definition of palliative care stating that “palliative 

care is applicable early in the course of illness, in conjunction with other therapies that are intended to 

prolong life” [183]. Furthermore, oncology practice and palliative care can be described as driven by 

two different cultures; the tumour-directed approach where the focus is treating the disease; and the 

patient-directed approach that focuses on the patient with the disease. To achieve integration of 

palliative care into oncology these two paradigms need to be united in the best interest of the patient 
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[93]. Other reasons for low referral rates are resources allocated to palliative care and a healthcare 

system consisting of silos, not structures to support the integration of palliative care throughout the 

whole continuum of cancer care. In so way, early referral to palliative care itself can be regarded as a 

relevant clinical measure of quality in cancer care.  

 

5.4 Types of adverse events in cancer patients 

Healthcare associated infections (HAI), medication harm and surgical complications were the most 

common types of AEs in all three studies. HAI and medication harm are identified considerably more 

often in deceased patients, where especially AEs related to medications are found most often in 

deceased cancer patients. In addition, deceased cancer patients experience more bleeding/thrombosis 

compared to other patients.    

 

Cancer patients more often experience AEs related to HAI than general patients and these contributed 

to death in 58 percent of the deceased cancer patients. HAI were the most common cause of death for 

patients not receiving treatment during the last 30 days of life. The AEs are mainly lower respiratory 

infections and other infections. Lower respiratory infections are the most common infection in all 

three papers, occurring nearly three times as frequently and contributing to nearly half of the inpatient 

deaths. The incidence rate of HAI continues to escalate, and HAI is considered one of the major safety 

risks for patients. The higher incidence of HAI in cancer patients can be explained by the severity of 

illness, age, underlying conditions and use of immunosuppressive medications such as chemotherapy 

and steroids. In addition, cancer patients have longer length of stay contributing to susceptibility to 

infections. Multiple factors influence the development of HAI and prevention has proven to be very 

complex. Preventing HAI is one of the greatest challenges in health care and to succeed all healthcare 

providers need to take responsibility and enact principles of care to prevent healthcare associated 

infections [184].  

 

In Paper I, we find that adjusted for length of stay and other demographic variables, the only type of 

AE cancer patients experience more often is harm related to medication. This is confirmed in Papers II 

and III where inpatient deaths have five times the risk for medication related AEs. More than 70 

percent of medication related AEs contributing to death occur in cancer patients and most of these 

AEs were related to lethal complications after chemotherapy. Patients receiving anticancer treatment 

during the last 30 days of life had the highest rate of medication related AEs, more than twice the rate 

of cancer patients not receiving such treatments. Anticancer treatment related AEs contributing to 

death only occurred in patients who received such treatment during the last 30 days of life. This 

confirms other studies identifying chemotherapy as a severe risk factor for AEs in cancer patients [21, 

22, 71]. It also particularly accentuates the increased risk of severe AEs when systemic anticancer 



 

 

73 

treatment is given during the last 30 days of life and should encourage careful when consideration 

providing systemic cancer treatment to patients near end of life.   

 

In Paper I, we find that cancer patients have a 54 percent greater risk of surgery-related AEs compared 

to general patients. This is primarily due to events termed “other operative complications”. Surgery is 

the main curative treatment for cancer and this partly explains why receiving curative treatment 

increases the risk rate of AEs by 74 percent. Our results are consistent with other studies indicating 

that admission to a surgical department and having surgery increases the rate of AEs [59, 72, 185, 

186]. Comparing rates of surgical AEs between general patients, deceased patients and deceased 

cancer patients in all three papers, there is no significant difference between the groups. The use of 

surgery is considerably higher (35 percent) for cancer patients in Paper I, compared to deceased cancer 

patients in Paper III where only five percent had surgery. The use of surgery correlates to being in a 

curative setting, and surgery does not often contribute to death for cancer patients. This implies that 

studies of surgery-related AEs should ideally be performed in a general patient population and not by 

reviewing deceased patients.  

 

5.5 Methodological implications 

Since only a small number of cancer patients are hospitalised when they receive systemic anticancer 

treatment or radiation, monitoring AEs related to these treatments and late term AEs should preferably 

be done in an ambulatory setting. Using the trigger tool methodology may be just as applicable to 

review outpatient care, but the inclusion criteria and review process of the GTT method would need to 

be modified. For this to be time efficient and realistic to carry out, it would be necessary to develop a 

new and reliable automatic trigger tool with specific oncology triggers identifying AEs. 

Adjusting additionally for other characteristics such as age, gender, type of admission and department 

further decreases the rate of AEs per 1 000 patient days in all our papers. This implies that 

demographic characteristics significantly affect the rate of AEs. Demographic variables may vary 

considerably and especially affect small sample sizes. When using the original IHI GTT to monitor 

AEs within an organisation and only including 240 patients per year, not adjusting for demographic 

variables raises concern about the GTT method’s ability to detect real change. 
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The use of systemic anticancer treatment is much higher in deceased cancer patients. Knowing that 

severe AEs are more often identified in deceased patients, identifying severe AEs related to systemic 

anticancer treatment should preferentially be investigated in deceased cancer patients. Systemic 

anticancer treatment only contributes to death in patients who received such treatment during the last 

30 days of life. Consequently, when measuring anticancer treatment related AEs contributing to death 

we can be even more pragmatic and limit the inclusion to deceased hospitalised patients treated during 

the last 30 days of life.  

A limitation we faced in the first paper was that the GTT method only records if an AEs had occurred 

and did not identify supplementary information on type of medication, dosage or polypharmacy that 

could identify underlying causes for the AE. In the first paper we therefore did not know if these AEs 

were related to systemic anticancer treatment or other medications. In Papers II and III the generic 

name of the medication was obtained to better understand the cause of harm and identify specific 

medications at risk in cancer care. To benefit future improvement, we recommend the generic name of 

the medication also should be obtained for medication related AE. 

 

We also found that the 23 categories recommended by the Norwegian GTT manual had too many 

specific surgical types of AEs. When the numbers are small and one AE could be categorised into 

more than one category it can be hard to compare and monitor rates of AEs over time. To be able to 

compare data we had to aggregate the types of AE into eight main clinical categories. We would also 

suggest a revision of the categories recommended in the Norwegian GTT manual, categorising AEs 

according to the aetiology of the incident leading to the outcome for the patient.  

At the same time we lacked specific categories of AEs in oncology. We recommend a separate 

category of oncology harm including subtypes of AEs related to radiation, the diagnostic process and 

palliative care. AEs related to systemic anticancer treatment can either be classified within the 

oncology category or kept as a specific type within the medication category. What is important is that 

the generic name of the medication is obtained in order to distinguish what type of systemic anticancer 

treatment (chemotherapy, targeted treatment and immunotherapy) the AE is related to. We argue that 

making these changes to the GTT method will increase the reliability of the method and provide 

meaningful data for improvement in cancer care.   
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5.6 Summary of strengths and limitations 
 

A summary of the strengths and limitations of all three studies is presented in Table 11.  

 

Table 11 Summary of strength and limitations 

Strengths Limitations 

Study design 

Adjusted for case-mix in all three papers. Information bias due to retrospective collection of 

data. 

Large sample sizes in papers I and II. Observational cohort evaluates association and it is 

impossible to control for all confounding factors. 

Included all deceased patients in papers I and II. Small sample size in paper III increasing the risk of 

type 2 error. 

Stratified random sampling for general patients in 

papers I and II. 

Too many heterogeneous categories for types of AEs. 

Includes all malignancies, solid tumour and 

haematological cancer. 

No specific categories for oncology AEs. 

Patients from three hospitals included. Types of medication causing AEs not documented in 

paper I. 

Manual check of length of stay to use the correct 

number of days as denominator. 

Not validated to an external patient cohort. 

Reliable coding practice for C-diagnosis by ICD-10  

Identified type of medication causing an AE in 

papers II and III. 

 

Good external validity compared with other 

studies. 

 

Use of STROBE guidelines for all three papers.  

Review 

A common definition of AE was applied in all 

three papers. 

Review relies on documentation in the HER. 

All reviewers received substantial training. Risk of hindsight bias, especially reviewing deceased 

patients. 

Consistency in the review team of deceased 

patients in papers II and III. 

Manual review is time demanding. 

Using CTCAE classification to identify and grade 

oncology related AEs. 

Use of seven different review teams for general 

patients in papers I and II. 

Adding an extra validation step to the review 

process in papers II and III shows consistent 

agreement. 

Slightly different review methods used by review 

teams in paper II. 

 Oncology triggers were not previously verified. 

Data analysis 

Generalized method was used accounting for 

different length of stay and different sample sizes 

Fair inter-rater reliability between reviewers in paper 

II. 

Poisson or Negative binominal regression used 

depending on if the counts followed a Poisson 

distribution. 

Due to small sample size in paper III, not advisable to 

adjust for more than five variables with 10 degrees of 

freedom. 

Types of AEs merged into eight main categories 

depending on treatment given. 

Manual review is difficult to reproduce and compare 

between studies. 
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6 Conclusion 

 

Hospitalised cancer patients experience AEs more often than other patients, but this is due to older age 

and longer length of stay rather than the cancer itself. Especially medication related harm and 

healthcare associated infections are safety hazards of concern to cancer patients. Patients dying in 

hospitals differ in several ways from a general hospitalised population, they experience seven times 

the rate of severe AEs and for nearly one in three deceased cancer patients an AE contributes to death. 

Measuring AEs contributing to death can be a positive driver for improving safety culture and raising 

awareness for learning and improvement. We find that a GTT review of all inpatient deaths provides a 

new valid and reliable measurement of severe AEs contributing to death that otherwise would be 

undetected.   

Despite strong recommendations against use of aggressive anticancer treatments for cancer patients 

near the end of life, one third of deceased hospitalised cancer patients received some kind of 

anticancer treatment during the last 30 days of their life. Anticancer treatment given during this period 

was associated with a significantly increased rate of AEs with twice the odds of having an AE 

contributing to death.  

Identifying specific AEs in cancer care is clearly warranted and can provide real time measures of 

quality and safety, enhancing improvement in clinical practice and avoiding overtreatment in end-of 

life cancer care. 
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7 Implications for future research 

 

The use of machine learning and natural language processing in electronic health records (EHR) is 

expanding rapidly creating new possibilities for detecting and monitoring AEs. Nordland Hospital 

Trust has already developed and validated an automatic trigger identification system where only 

records with triggers are reviewed manually to determine if the triggers represent an AE [126]. To our 

knowledge, a completely automated identification method for oncology related AEs does not exist. 

During the last years two different studies has validated cancer specific trigger tools that identify AEs 

occurring in ambulatory and inpatient settings [23, 115]. However, these triggers do not identify AEs 

related to immunotherapy as anticancer treatment. Future research should include and validate 

oncology specific triggers in an automatic identification system of oncology related AEs. Our already 

existing automatic trigger system should also be developed and validated further to identify and link 

triggers to treatment given, so the whole identification process of AEs is automated. Such an approach 

would be time saving and less resource intensive compared to manual retrospective record review.  

 

The ultimate goal of measuring AEs is to provide real-time feedback to healthcare professionals and 

thereby offer hospitals advanced quality improvement and learning opportunities to mitigate AEs. 

To achieve this, we need to involve patients more actively. Empirical evidence demonstrates that 

clinicians under-report the incidence and severity of symptoms compared to patients direct reports 

[187–189] More importantly, most cancer patients are willing and able to self-report their own 

symptoms without substantial attrition, even among those with end-stage disease and poor 

performance status [190, 191]. Patient-reported outcomes (PROs) are already considered the gold 

standard for data collection in research. Based on this, the National Cancer Institute has developed a 

patient-centred assessment of AEs version of the CTCAE [192, 193]. The PRO-CTCAE comprises 78 

symptomatic oncology relevant AEs. Until now, the PRO-CTCAE is mainly used in clinical trials, but 

a future opportunity is use of PRO-CTCAE as part of a safety surveillance system to prevent AEs in 

cancer patients receiving anticancer treatment. If cancer patients report symptoms electronically to a 

healthcare professional at an early stage, there is a potential to mitigate harm before it gets severe and 

results in an AE to cancer patients. While new technology and innovations creates new possibilities 

within healthcare, it is important that we include research on these methods and their implementation 

in order to validate their reliability and clinical relevance in enhancing patient safety. In doing so, we 

need to engage patients and families actively at all levels of healthcare and research.     



 

 

78 

8 References 

1. Vrinten C, McGregor LM, Heinrich M, von Wagner C, Waller J, Wardle J, et al. What do people 

fear about cancer? A systematic review and meta-synthesis of cancer fears in the general population. 

Psychooncology. 2017;26:1070–9. doi:10.1002/pon.4287. 

2. Smith CP. First, do no harm: institutional betrayal and trust in health care organizations. J 

Multidiscip Healthc. 2017;10:133–44. doi:10.2147/JMDH.S125885. 

3. Committee on Quality of Health Care in America. To Err is Human: Building a Safer Health 

System. The National Academies Press; 2000. https://www.iom.edu/~/media/Files/Report 

Files/1999/To-Err-is-Human/To Err is Human 1999 report brief.pdf. Accessed 2 Nov 2014. 

4. Kohn LT, Corrigan JM, Donaldson MS. To err is human: building a safer health system. 2000. 

doi:10.1017/S095026880100509X. 

5. Makary MA, Daniel M. Medical error—the third leading cause of death in the US. BMJ. 

2016;353:1851–7. doi:10.1136/bmj.i2139. 

6. National Patient Safety Foundation. Free from Harm: Accelerating Patient Safety Improvement 

Fifteen Years after To Err Is Human. Boston, MA; 2015. 

7. Shojania KG, Thomas EJ. Trends in adverse events over time: Why are we not improving? BMJ 

Quality and Safety. 2013;22:273–7. doi:10.1136/bmjqs-2013-001935. 

8. Institute of Medicine. Delivering High-Quality Cancer Care: Charting a New Course for a System 

in Crisis. Washington DC: The National Academies Press; 2013. 

9. Rocque GB, Blayney D, Jahanzeb M, Kadlubek P, Knape A, Markham MJ, et al. Choosing Wisely 

in oncology: Are we ready for value-based care? J Clin Oncol. 2017;34 7_suppl:275–275. 

doi:10.1200/jco.2016.34.7_suppl.275. 

10. Lipitz-Snyderman A, Pfister D, Classen D, Atoria CL, Killen A, Epstein AS, et al. Preventable and 

mitigable adverse events in cancer care: Measuring risk and harm across the continuum. Cancer. 

2017;123:4728–36. doi:10.1002/cncr.30916. 

11. World Health Organisation - Patient Safety. WHO. 2018. 

https://www.who.int/patientsafety/about/en/. Accessed 19 Feb 2020. 

12. William BR, Baker GR, Philippe M, Itziar Larizgoitia J, Richard JL, Anne A, et al. The 

epistemology of patient safety research. Int J Evid Based Healthc. 2008;6:476–86. 

http://dx.doi.org/10.1111/j.1744-1609.2008.00117.x. 



 

 

79 

13. Sherman H, Castro G, Fletcher M, Hatlie M, Hibbert P, Jakob R, et al. Towards an International 

Classification for Patient Safety: The conceptual framework. Int J Qual Heal Care. 2009;21:2–8. 

doi:10.1093/intqhc/mzn054. 

14. World Health Organization. Conceptual Framework for the International Classification for Patient 

Safety. 2009. http://www.who.int/patientsafety/taxonomy/ICPS_Statement_of_Purpose.pdf. Accessed 

2 Sep 2019. 

15. Perrow C. Normal accidents : living with high-risk technologies. Princeton University Press; 1999. 

Accessed 15 Jan 2020. 

16. Mohr J, Batalden P, Barach P. Integrating patient safety into the clinical microsystem. Qual Saf 

Health Care. 2004;13 Suppl 2 suppl 2:ii34-8. doi:10.1136/qhc.13.suppl_2.ii34. 

17. Plsek PE, Greenhalgh T. Complexity science: The challenge of complexity in health care. BMJ. 

2001;323:625–8. doi:10.1136/bmj.323.7313.625. 

18. Nolan TW. System changes to improve patient safety. BMJ. 2000;320:771–3. 

doi:10.1136/bmj.320.7237.771. 

19. Zapka J, Taplin SH, Ganz P, Grunfeld E, Sterba K. Multilevel Factors Affecting Quality: 

Examples From the Cancer Care Continuum. JNCI Monogr. 2012;2012:11–9. 

doi:10.1093/jncimonographs/lgs005. 

20. Hinckley CM, Barkan P. The Role of Variation, Mistakes, and Complexity in Producing 

Nonconformities. https://doi.org/101080/00224065199511979596. 2018;27:242–9. 

doi:10.1080/00224065.1995.11979596. 

21. Schwappach DLB, Wernli M. Medication errors in chemotherapy: incidence, types and 

involvement of patients in prevention. A review of the literature. Eur J Cancer Care (Engl). 

2010;19:285–92. doi:10.1111/j.1365-2354.2009.01127.x. 

22. Weingart SN, Zhang L, Sweeney M, Hassett M. Chemotherapy medication errors. Lancet Oncol. 

2018;19:e191–9. doi:10.1016/S1470-2045(18)30094-9. 

23. Hébert G, Netzer F, Ferrua M, Ducreux M, Lemare F, Minvielle E, et al. Evaluating iatrogenic 

prescribing: Development of an oncology-focused trigger tool. Eur J Cancer. 2015;51:427–35. 

doi:10.1016/j.ejca.2014.12.002. 

24. Bates DW, Singh H. Two Decades Since To Err Is Human : An Assessment Of Progress And 

Emerging Priorities In Patient Safety. Health Aff. 2018;37:1736–43. doi:10.1377/hlthaff.2018.0738. 



 

 

80 

25. Graber M. Diagnostic Errors in Medicine: A Case of Neglect. Jt Comm J Qual Patient Saf. 

2005;31:106–13. doi:10.1016/S1553-7250(05)31015-4. 

26. Singh H, Sethi S, Raber M, Petersen LA. Errors in cancer diagnosis: current understanding and 

future directions. J Clin Oncol. 2007;25:5009–18. doi:10.1200/JCO.2007.13.2142. 

27. Newman-Toker DE, Pronovost PJ. Diagnostic Errors—The Next Frontier for Patient Safety. 

JAMA. 2009;301:1060. doi:10.1001/jama.2009.249. 

28. Nilssen Y, Brustugun OT, Tandberg Eriksen M, Gulbrandsen J, Skaaheim Haug E, Naume B, et 

al. Decreasing waiting time for treatment before and during implementation of cancer patient 

pathways in Norway. Cancer Epidemiol. 2019;61:59–69. doi:10.1016/J.CANEP.2019.05.004. 

29. Anderson O, Davis R, Hanna GB, Vincent CA. Surgical adverse events: a systematic review. Am J 

Surg. 2013;206:253–62. doi:10.1016/J.AMJSURG.2012.11.009. 

30. Nilsson L, Risberg MB, Montgomery A, Sjödahl R, Schildmeijer K, Rutberg H. Preventable 

Adverse Events in Surgical Care in Sweden: A Nationwide Review of Patient Notes. Medicine 

(Baltimore). 2016;95. doi:10.1097/MD.0000000000003047. 

31. Birkmeyer JD, Stukel TA, Siewers AE, Goodney PP, Wennberg DE, Lucas FL. Surgeon Volume 

and Operative Mortality in the United States. N Engl J Med. 2003;349:2117–27. 

doi:10.1056/NEJMsa035205. 

32. Birkmeyer JD, Siewers AE, Finlayson EVA, Stukel TA, Lucas FL, Batista I, et al. Hospital 

Volume and Surgical Mortality in the United States. N Engl J Med. 2002;346:1128–37. 

doi:10.1056/NEJMsa012337. 

33. Sheetz KH, Chhabra KR, Smith ME, Dimick JB, Nathan H. Association of Discretionary Hospital 

Volume Standards for High-risk Cancer Surgery With Patient Outcomes and Access, 2005-2016. 

JAMA Surg. 2019;154:1005. doi:10.1001/jamasurg.2019.3017. 

34. Lemmens VEPP, Bosscha K, van der Schelling G, Brenninkmeijer S, Coebergh JWW, de Hingh 

IHJT. Improving outcome for patients with pancreatic cancer through centralization. Br J Surg. 

2011;98:1455–62. doi:10.1002/bjs.7581. 

35. Nathan H, Yin H, Wong SL. Postoperative Complications and Long-Term Survival After Complex 

Cancer Resection. Ann Surg Oncol. 2017;24:638–44. doi:10.1245/s10434-016-5569-5. 

36. World Health Organization. WHO guidelines for safe surgery: safe surgery saves lives. World 

Health Organization; 2009. 



 

 

81 

37. Haugen AS, Søfteland E, Almeland SK, Sevdalis N, Vonen B, Eide GE, et al. Effect of the World 

Health Organization Checklist on Patient Outcomes. Ann Surg. 2015;261:821–8. 

doi:10.1097/SLA.0000000000000716. 

38. de Vries EN, Prins HA, Crolla RMPH, den Outer AJ, van Andel G, van Helden SH, et al. Effect of 

a Comprehensive Surgical Safety System on Patient Outcomes. N Engl J Med. 2010;363:1928–37. 

doi:10.1056/NEJMsa0911535. 

39. Jammer I, Ahmad T, Aldecoa C, Koulenti D, Goranović T, Grigoras I, et al. Point prevalence of 

surgical checklist use in Europe: relationship with hospital mortality. Br J Anaesth. 2015;114:801–7. 

doi:10.1093/BJA/AEU460. 

40. Dy SM. Patient Safety and End-of-Life Care: Common Issues, Perspectives, and Strategies for 

Improving Care. Am J Hosp Palliat Med. 2016;33:791–6. 

41. Jordan K, Aapro M, Kaasa S, Ripamonti CI, Scotté F, Strasser F, et al. European Society for 

Medical Oncology (ESMO) position paper on supportive and palliative care. Ann Oncol. 2018;29:36–

43. doi:10.1093/annonc/mdx757. 

42. Hannisdal E, Arianson H, Braut GS, Schlichting E, Vinnem JE. A risk analysis of cancer care in 

Norway: the top 16 patient safety hazards. Jt Comm J Qual Patient Saf. 2013;39:511–6. 

http://www.ncbi.nlm.nih.gov/pubmed/24294679.  

43. Dietz I, Borasio GD, Schneider G, Jox RJ. Medical errors and patient safety in palliative care: A 

review of current literature. J Palliat Med. 2010;13:1469–74. 

44. Braga S. Why do our patients get chemotherapy until the end of life? Ann Oncol. 2011;22:2345–8. 

doi:10.1093/annonc/mdr416. 

45. Saito AM, Landrum M, Neville BA, Ayanian JZ, Earle CC. The effect on survival of continuing 

chemotherapy to near death. BMC Palliat Care. 2011;10. 

46. Wright AA, Zhang B, Keating NL, Weeks JC, Prigerson HG. Associations between palliative 

chemotherapy and adult cancer patients’ end of life care and place of death: Prospective cohort study. 

BMJ. 2014;348:g1219. doi:10.1136/bmj.g1219. 

47. Agency for Healthcare Research and Quality. Patient Safety Network - Glossary. 

https://psnet.ahrq.gov/glossary. Accessed 19 Feb 2020. 

48. Institute for Healthcare Improvement. IHI Global Trigger Tool for measuring adverse events. 

2009. http://www.ihi.org/resources/Pages/IHIWhitePapers/IHIGlobalTriggerToolWhitePaper.aspx. 



 

 

82 

49. Leape LL, Brennan TA, Laird N, Lawthers AG, Localio AR, Barnes BA, et al. The nature of 

adverse events in hospitalized patients. Results of the Harvard Medical Practice Study II. N Engl J 

Med. 1991;324:377–84. 

50. Institute of Medicine. Patient Safety: Acheiving a New Standard of Care. Washington, D.C.: 

National Academies Press; 2004. doi:10.17226/10863. 

51. Cancer Institute N. Common Terminology Criteria for Adverse Events (CTCAE) v5.0. 2017. 

https://www.meddra.org/. Accessed 19 Feb 2020. 

52. Agency for Healthcare Research and Quality. Adverse Events, Near Misses, and Errors | PSNet. 

https://www.psnet.ahrq.gov/primer/adverse-events-near-misses-and-errors. Accessed 4 Dec 2019. 

53. Gouillat C, Gigot J-F. Pancreatic surgical complications--the case for prophylaxis. Gut. 2001;49 

Supplement 4:iv29–35. doi:10.1136/gut.49.suppl_4.iv29. 

54. Hibbert PD, Molloy CJ, Hooper TD, Wiles LK, Runciman WB, Lachman P, et al. The application 

of the global trigger tool: A systematic review. Int J Qual Heal Care. 2016;28:640–9. 

doi:10.1093/intqhc/mzw115. 

55. Health Quality & Safety Commission New-Zealand. The global trigger tool: A review of the 

evidence (2016 edition). Weelington, NZ; 2016. www.hqsc.govt.nz. Accessed 13 Jun 2016. 

56. Hanskamp-Sebregts M, Zegers M, Vincent C, van Gurp PJ, de Vet HCW, Wollersheim H. 

Measurement of patient safety: a systematic review of the reliability and validity of adverse event 

detection with record review. BMJ Open. 2016;6:e011078. doi:10.1136/bmjopen-2016-011078. 

57. Trotti A, Colevas AD, Setser A, Basch E. Patient-reported outcomes and the evolution of adverse 

event reporting in oncology. In: Journal of Clinical Oncology. 2007. p. 5121–7. 

58. Hartwig, S.C., Denger, S.D., Schneider PJ. Severity-indexed, incident report-based medication 

error-reporting program. AM J Hosp Pharm. 1991;48:2611–6. 

59. Doupi P, Svaar H, Bjørn B, Deilkås E, Nylén U, Rutberg H. Use of the Global Trigger Tool in 

patient safety improvement efforts: Nordic experiences. Cogn Technol Work. 2014;17:45–54. 

doi:10.1007/s10111-014-0302-2. 

60. Hibbert PD, Molloy CJ, Hooper TD, Wiles LK, Runciman WB, Lachman P, et al. The application 

of the global trigger tool: A systematic review. Int J Qual Heal Care. 2016;28:640–9. 

 



 

 

83 

61. Zegers M, Hesselink G, Geense W, Vincent C, Wollersheim H. Evidence-based interventions to 

reduce adverse events in hospitals: a systematic review of systematic reviews. BMJ Open. 

2016;6:e012555. doi:10.1136/bmjopen-2016-012555. 

62. Musy SN, Ausserhofer D, Schwendimann R, Rothen HU, Jeitziner M-M, Rutjes AW, et al. 

Trigger Tool–Based Automated Adverse Event Detection in Electronic Health Records: Systematic 

Review. J Med Internet Res. 2018;20:e198. doi:10.2196/jmir.9901. 

63. Norwegin Institute of Public Health; The Knowledge Centre for the Health Services. Strukturert 

journal undersøkelse, ved bruk av Global Trigger Tool for å identifisere og måle forekomst av skader i 

helsetjenesten. (Structured journal review, using the GTT method to identify and measure incidence of 

harm in helath care). Oslo, Norway; 2010. 

https://www.pasientsikkerhetsprogrammet.no/målinger/global-trigger-tool-gtt. 

64. Deilkås ET, Risberg MB, Haugen M, Lindstrøm JC, Nylén U, Rutberg H, et al. Exploring 

similarities and differences in hospital adverse event rates between Norway and Sweden using Global 

Trigger Tool. BMJ Open. 2017;7:e012492. doi:10.1136/bmjopen-2016-012492. 

65. World Health Organization. Patient Safety Fact File. Patient Saf Risk Manag Serv Deliv Saf. 2019. 

https://www.who.int/features/factfiles/patient_safety/patient-safety-fact-file.pdf?ua=1. Accessed 19 

Sep 2019. 

66. De Vries EN, Ramrattan MA, Smorenburg SM, Gouma DJ, Boermeester MA. The incidence and 

nature of in-hospital adverse events: A systematic review. Qual Saf Heal Care. 2008;17:216–23. 

doi:10.1136/qshc.2007.023622. 

67. Panagioti M, Khan K, Keers RN, Abuzour A, Phipps D, Kontopantelis E, et al. Prevalence, 

severity, and nature of preventable patient harm across medical care settings: systematic review and 

meta-analysis. BMJ. 2019;:l4185. 

68. Mevik K, Griffin FA, Hansen TE, Deilkås ET, Vonen B. Does increasing the size of bi-weekly 

samples of records influence results when using the Global Trigger Tool? An observational study of 

retrospective record reviews of two different sample sizes. BMJ Open. 2016;6:e010700. 

doi:10.1136/bmjopen-2015-010700. 

69. Zarbin M. Real Life Outcomes vs. Clinical Trial Results. J Ophthalmic Vis Res. 2019;14:88–92. 

doi:10.4103/jovr.jovr_279_18. 

 

 



 

 

84 

70. Kim H-S, Lee S, Kim JH. Real-world Evidence versus Randomized Controlled Trial: Clinical 

Research Based on Electronic Medical Records. J Korean Med Sci. 2018;33:e213. 

doi:10.3346/jkms.2018.33.e213. 

71. Lipczak H, Knudsen JL, Nissen A. Safety hazards in cancer care: findings using three different 

methods. BMJ Qual Saf. 2011;20:1052–6. doi:10.1136/bmjqs.2010.050856. 

72. Cihangir S, Borghans I, Hekkert K, Muller H, Westert G, Kool RB. A pilot study on record 

reviewing with a priori patient selection. BMJ Open. 2013;3. doi:10.1136/bmjopen-2013-003034. 

73. Mattsson TO, Knudsen JL, Lauritsen J, Brixen K, Herrstedt J. Assessment of the global trigger 

tool to measure, monitor and evaluate patient safety in cancer patients: reliability concerns are raised. 

BMJ Qual Saf. 2013;22:571–9. doi:10.1136/bmjqs-2012-001219. 

74. Lipczak H, Dørflinger LH, Enevoldsen C, Vinter MM, Knudsen JL. Patient Experience Journal 

Cancer patients’ experiences of error and consequences during diagnosis and treatment Cancer 

patients’ experiences of and treatment. Patient Exp J Patient Exp J Patient Exp J. 2015;2. 

http://pxjournal.org/journal. Accessed 12 Dec 2016. 

75. World Health Organization. Medication Safety in High-risk Situations. Geneva; 2019. 

http://apps.who.int/bookorders. Accessed 27 Aug 2019. 

76. Damen NL, Baines R, Wagner C, Langelaan M. Medication-related adverse events during 

hospitalization: a retrospective patient record review study in The Netherlands. Pharmacoepidemiol 

Drug Saf. 2017;26:32–9. 

77. Nurgali K, Jagoe RT, Abalo R. Editorial: Adverse Effects of Cancer Chemotherapy: Anything 

New to Improve Tolerance and Reduce Sequelae? Front Pharmacol. 2018;9:245. 

doi:10.3389/fphar.2018.00245. 

78. Kochanek M, Schalk E, von Bergwelt-Baildon M, Beutel G, Buchheidt D, Hentrich M, et al. 

Management of sepsis in neutropenic cancer patients: 2018 guidelines from the Infectious Diseases 

Working Party (AGIHO) and Intensive Care Working Party (iCHOP) of the German Society of 

Hematology and Medical Oncology (DGHO). Ann Hematol. 2019;98:1051–69. doi:10.1007/s00277-

019-03622-0. 

79. Kerckhove N, Collin A, Condé S, Chaleteix C, Pezet D, Balayssac D. Long-Term Effects, 

Pathophysiological Mechanisms, and Risk Factors of Chemotherapy-Induced Peripheral Neuropathies: 

A Comprehensive Literature Review. Front Pharmacol. 2017;8:86. doi:10.3389/fphar.2017.00086. 

 



 

 

85 

80. Shahrokni A, Wu AJ, Carter J, Lichtman SM. Long-term Toxicity of Cancer Treatment in Older 

Patients. Clin Geriatr Med. 2016;32:63–80. doi:10.1016/j.cger.2015.08.005. 

81. Kumar V, Chaudhary N, Garg M, Floudas CS, Soni P, Chandra AB. Current Diagnosis and 

Management of Immune Related Adverse Events (irAEs) Induced by Immune Checkpoint Inhibitor 

Therapy. Front Pharmacol. 2017;8:49. doi:10.3389/fphar.2017.00049. 

82. Currow DC, Agar MR, To THM, Rowett D, Greene A, Abernethy AP. Adverse events in hospice 

and palliative care: A pilot study to determine feasibility of collection and baseline rates. J Palliat 

Med. 2011;14:309–14. doi:10.1089/jpm.2010.0392. 

83. Yardley I, Yardley S, Williams H, Carson-Stevens A, Donaldson LJ. Patient safety in palliative 

care: A mixed-methods study of reports to a national database of serious incidents. Palliat Med. 

2018;32:1353–62. doi:10.1177/0269216318776846. 

84. Riechelmann R, Girardi D. Drug interactions in cancer patients: A hidden risk? J Res Pharm Pract. 

2016;5:77. doi:10.4103/2279-042x.179560. 

85. World Health Organization. Radiotherapy Risk Profile. Technical Manual. 2008. 

https://www.who.int/patientsafety/activities/technical/radiotherapy_risk_profile.pdf. Accessed 19 Feb 

2020. 

86. Shafiq J, Barton M, Noble D, Lemer C, Donaldson LJ. An international review of patient safety 

measures in radiotherapy practice. Radiotherapy and Oncology. 2009;92:15–21. 

87. Nilsson L, Risberg MB, Montgomery A, Sjödahl R, Schildmeijer K, Rutberg H. Preventable 

Adverse Events in Surgical Care in Sweden. Medicine (Baltimore). 2016;95:e3047. 

doi:10.1097/MD.0000000000003047. 

88. Peppercorn JM, Smith TJ, Helft PR, DeBono DJ, Berry SR, Wollins DS, et al. American society of 

clinical oncology statement: Toward individualized care for patients with advanced cancer. Journal of 

Clinical Oncology. 2011;29:755–60. doi:10.1200/JCO.2010.33.1744. 

89. Hoerger M, Greer JA, Jackson VA, Park ER, Pirl WF, El-Jawahri A, et al. Defining the Elements 

of Early Palliative Care That Are Associated With Patient-Reported Outcomes and the Delivery of 

End-of-Life Care. J Clin Oncol. 2018;36:1096–102. http://www.ncbi.nlm.nih.gov/pubmed/29474102. 

90. Näppä U, Lindqvist O, Rasmussen BH, Axelsson B. Palliative chemotherapy during the last month 

of life. Ann Oncol. 2011;22:2375–80. doi:10.1093/annonc/mdq778. 

 



 

 

86 

91. Prigerson HG, Bao Y, Shah MA, Elizabeth Paulk M, LeBlanc TW, Schneider BJ, et al. 

Chemotherapy use, performance status, and quality of life at the end of life. JAMA Oncol. 

2015;1:778–84. doi:10.1001/jamaoncol.2015.2378. 

92. Reljic T, Kumar A, Klocksieben FA, Djulbegovic B. Treatment targeted at underlying disease 

versus palliative care in terminally ill patients: A systematic review. BMJ Open. 2017;7:e014661. 

doi:10.1136/bmjopen-2016-014661. 

93. Kaasa S, Loge JH, Aapro M, Albreht T, Anderson R, Bruera E, et al. Integration of oncology and 

palliative care: a Lancet Oncology Commission. The Lancet Oncology. 2018;19:e588–653. 

94. Jha A, Pronovost P. Toward a safer health care system: The critical need to improve measurement. 

Jama. 2016;315:1831–2. doi:10.1001/jama.2016.3448. 

95. Thomas EJ, Petersen LA. Measuring errors and adverse events in health care. J Gen Intern Med. 

2003;18:61–7. doi:10.1046/j.1525-1497.2003.20147.x. 

96. Storesund A, Haugen AS, Hjortås M, Nortvedt MW, Flaatten H, Eide GE, et al. Accuracy of 

surgical complication rate estimation using ICD‐ 10 codes. BJS. 2019;106:236–44. 

doi:10.1002/bjs.10985. 

97. Nilsson L, Pihl A, Tågsjõ M, Ericsson E. Adverse events are common on the intensive care unit: 

Results from a structured record review. Acta Anaesthesiol Scand. 2012;56:959–65. 

doi:10.1111/j.1399-6576.2012.02711.x. 

98. Lipczak H, Neckelmann K, Steding-Jessen M, Jakobsen E, Knudsen JL. Uncertain added value of 

Global Trigger Tool for monitoring of patient safety in cancer care. Dan Med Bull. 2011;58:A4337. 

http://www.ncbi.nlm.nih.gov/pubmed/22047933. 

99. J.M. N, C.R. C, J.M. H, B.P. B, J.J. L, A.R. W. A comparison of hospital adverse events identified 

by three widely used detection methods. Int J Qual Heal Care. 2009;21:301–7. 

doi:http://dx.doi.org/10.1093/intqhc/mzp027. 

100. Classen DC, Resar R, Griffin F, Federico F, Frankel T, Kimmel N, et al. “Global trigger tool” 

shows that adverse events in hospitals may be ten times greater than previously measured. Health Aff. 

2011;30:581–9. doi:10.1377/hlthaff.2011.0190. 

101. Shojania KG. Deaths due to medical error: Jumbo jets or just small propeller planes? BMJ 

Quality and Safety. 2012;21:709–12. doi:10.1136/bmjqs-2012-001368. 

 



 

 

87 

102. Hogan H, Olsen S, Scobie S, Chapman E, Sachs R, McKee M, et al. What can we learn about 

patient safety from information sources within an acute hospital: a step on the ladder of integrated risk 

management? Qual Saf Health Care. 2008;17:209–15. doi:10.1136/qshc.2006.020008. 

103. Griffin F, Resar R. IHI Global Trigger Tool for Measuring Adverse Events (Second Edition). IHI 

Innovation Series white paper. 2009. 

104. Deilkås ET, Bukholm G, Lindstrøm JC, Haugen M. Monitoring adverse events in Norwegian 

hospitals from 2010 to 2013. BMJ Open. 2015;5:e008576. doi:10.1136/bmjopen-2015-008576. 

105. Doupi P. Using EHR data for monitoring and promoting patient safety: Reviewing the evidence 

on trigger tools. Stud Health Technol Inform. 2012;180:786–90. 

106. Landrigan CP, Parry GJ, Bones CB, Hackbarth AD, Goldmann DA, Sharek PJ. Temporal trends 

in rates of patient harm resulting from medical care. N Engl J Med. 2010;363:2124–34. 

107. Classen DC, Lloyd RC, Provost L, Griffin FA, Resar R. Development and Evaluation of the 

Institute for Healthcare Improvement Global Trigger Tool. Journal of Patient Safety. 2008;4:169–77. 

108. Institute for Healthcare Improvement. Introduction to Trigger Tools for Identifying Adverse 

Events | IHI - Institute for Healthcare Improvement. 

http://www.ihi.org/resources/Pages/Tools/IntrotoTriggerToolsforIdentifyingAEs.aspx. Accessed 22 

Feb 2020. 

109. Schildmeijer K, Nilsson L, Perk J, Årestedt K, Nilsson G. Strengths and weaknesses of working 

with the Global Trigger Tool method for retrospective record review: Focus group interviews with 

team members. BMJ Open. 2013;3:e003131. doi:10.1136/bmjopen-2013-003131. 

110. Hogan H. The problem with preventable deaths. BMJ Qual Saf. 2016;25:320–3. 

doi:10.1136/bmjqs-2015-004983. 

111. Fischhoff B. Hindsight ≠ foresight: The effect of outcome knowledge on judgment under 

uncertainty. In: Judgment and Decision Making. BMJ Publishing Group Ltd; 2013. p. 33–49. 

doi:10.4324/9780203141939. 

112. National Health Services. How to Use Trigger Tools. Wales, UK; 2012. 

www.1000livesplus.wales.nhs.uk. Accessed 19 Jun 2019. 

113. Mattsson TO, Knudsen JL, Brixen K, Herrstedt J. Does adding an appended oncology module to 

the Global Trigger Tool increase its value? Int J Qual Heal Care. 2014;26:553–60. 

doi:10.1093/intqhc/mzu072. 



 

 

88 

114. Lipitz-Snyderman A, Classen D, Pfister D, Killen A, Atoria CL, Fortier E, et al. Performance of a 

Trigger Tool for Identifying Adverse Events in Oncology. J Oncol Pract. 2017;13:e223–30. 

115. Lipitz Snyderman AN, Pfister DG, Anderson C, Epstein AS, Killen A, Sima CS, et al. 

Development of a medical record-based trigger tool for identifying adverse events during cancer care. 

J Clin Oncol. 2017;32 30_suppl:152–152. doi:10.1200/jco.2014.32.30_suppl.152. 

116. Weingart SN, Nelson J, Koethe B, Yaghi O, Dunning S, Feldman A, et al. Developing a cancer‐

specific trigger tool to identify treatment‐ related adverse events using administrative data. Cancer 

Med. 2020;:cam4.2812. doi:10.1002/cam4.2812. 

117. Mann CJ. Observational research methods. Research design II: Cohort, cross sectional, and case-

control studies. Emergency Medicine Journal. 2003;20:54–60. 

118. Von Elm E, Altman DG, Egger M, Pocock SJ, Gøtzsche PC, Vandenbroucke JP. The 

Strengthening the Reporting of Observational Studies in Epidemiology (STROBE) Statement: 

Guidelines for reporting observational studies *. 2014. 

119. Vandenbroucke JP. Prospective or retrospective: what’s in a name? BMJ. 1991;302:249–50. 

doi:10.1136/bmj.302.6771.249. 

120. Euser AM, Zoccali C, Jager KJ, Dekker FW. Cohort Studies: Prospective versus Retrospective. 

Nephron Clin Pract. 2009;113:c214–7. doi:10.1159/000235241. 

121. Michel P, Quenon JL, de Sarasqueta AM, Scemama O. Comparison of three methods for 

estimating rates of adverse events and rates of preventable adverse events in acute care hospitals. 

BMJ. 2004;328:199. doi:10.1136/bmj.328.7433.199. 

122. Song JW, Chung KC. Observational studies: cohort and case-control studies. Plast Reconstr Surg. 

2010;126:2234–42. doi:10.1097/PRS.0b013e3181f44abc. 

123. Poots AJ, Reed JE, Woodcock T, Bell D, Goldmann D. How to attribute causality in quality 

improvement: Lessons from epidemiology. BMJ Qual Saf. 2017;26:933–7. doi:10.1136/bmjqs-2017-

006756. 

124. Cuschieri S. The STROBE guidelines. Saudi J Anaesth. 2019;13 Suppl 1:S31–4. 

doi:10.4103/sja.SJA_543_18. 

125. Panacek EA. Performing chart review studies. Air Med J. 2007;26:206–10. 

doi:10.1016/J.AMJ.2007.06.007. 

 



 

 

89 

126. Mevik K, Hansen TE, Deilkås EC, Ringdal AM, Vonen B. Is a modified Global Trigger Tool 

method using automatic trigger identification valid when measuring adverse events? Int J Qual Heal 

Care. 2018;:1–6. doi:10.1093/intqhc/mzy210. 

127. Mayor S, Baines E, Vincent C, Lankshear A, Edwards A, Aylward M, et al. Measuring harm and 

informing quality improvement in the Welsh NHS: the longitudinal Welsh national adverse events 

study. NIHR Journals Library; 2017. doi:10.3310/HSDR05090. 

128. Baines RJ, Langelaan M, de Bruijne MC, Asscheman H, Spreeuwenberg P, van de Steeg L, et al. 

Changes in adverse event rates in hospitals over time: a longitudinal retrospective patient record 

review study. BMJ Qual Saf. 2013;22:290–8. doi:10.1136/bmjqs-2012-001126. 

129. Winters BD, Pronovost PJ, Miller M, Hunt EA. Measuring and Improving Safety. In: Textbook 

of Rapid Response Systems. 2011. p. 19–35. doi:10.1007/978-0-387-92853-1_3. 

130. OECD. Length of hospital stay (indicator). 2020. doi:https://doi.org/10.1787/8dda6b7a-en. 

131. Thomas JW, Guire KE, Horvat GG. Is patient length of stay related to quality of care? Hosp 

Health Serv Adm. 1997;42:489–507. http://www.ncbi.nlm.nih.gov/pubmed/10174462. Accessed 22 

Feb 2020. 

132. Lofthus CM, Cappelen I, Osnes EK, Falch JA, Kristiansen IS, Medhus AW, et al. Local and 

national electronic databases in Norway demonstrate a varying degree of validity. J Clin Epidemiol. 

2005;58:280–5. doi:10.1016/J.JCLINEPI.2004.07.003. 

133. Helgeland J, Kristoffersen DT, Skyrud KD, Lindman AS. Variation between Hospitals with 

Regard to Diagnostic Practice, Coding Accuracy, and Case-Mix. A Retrospective Validation Study of 

Administrative Data versus Medical Records for Estimating 30-Day Mortality after Hip Fracture. 

PLoS One. 2016;11:e0156075. doi:10.1371/journal.pone.0156075. 

134. Burns EM, Rigby E, Mamidanna R, Bottle A, Aylin P, Ziprin P, et al. Systematic review of 

discharge coding accuracy. Journal of Public Health. 2012;34:138–48. doi:10.1093/pubmed/fdr054. 

135. Larsen IK, Småstuen M, Johannesen TB, Langmark F, Parkin DM, Bray F, et al. Data quality at 

the Cancer Registry of Norway: An overview of comparability, completeness, validity and timeliness. 

Eur J Cancer. 2009;45:1218–31. doi:10.1016/j.ejca.2008.10.037. 

136. Omair A. Sample size estimation and sampling techniques for selecting a representative sample. J 

Heal Spec. 2014;2:142. doi:10.4103/1658-600x.142783. 

 



 

 

90 

137. Banerjee A, Chitnis U, Jadhav S, Bhawalkar J, Chaudhury S. Hypothesis testing, type I and type 

II errors. Ind Psychiatry J. 2009;18:127. doi:10.4103/0972-6748.62274. 

138. Banerjee A, Chaudhury S. Statistics without tears: Populations and samples. Ind Psychiatry J. 

2010;19:60. doi:10.4103/0972-6748.77642. 

139. Vassar M, Holzmann M. The retrospective chart review: important methodological 

considerations. J Educ Eval Health Prof. 2013;10:12. doi:10.3352/jeehp.2013.10.12. 

140. Baines RJ, Langelaan M, De Bruijne MC, Wagner C. Is researching adverse events in hospital 

deaths a good way to describe patient safety in hospitals: A retrospective patient record review study. 

BMJ Open. 2015;5:e007380. doi:10.1136/bmjopen-2014-007380. 

141. Mokkink LB, Terwee CB, Patrick DL, Alonso J, Stratford PW, Knol DL, et al. The COSMIN 

study reached international consensus on taxonomy, terminology, and definitions of measurement 

properties for health-related patient-reported outcomes. J Clin Epidemiol. 2010;63:737–45. 

doi:10.1016/J.JCLINEPI.2010.02.006. 

142. Parry G, Cline A, Goldmann D. Deciphering Harm Measurement. JAMA. 2012;307:2155–6. 

doi:10.1001/jama.2012.3649. 

143. Zegers Marieke. Adverse events among hospitalised patients. Results and methodological aspects 

of a recond review study. VU University Medical Centre in Amsterdam; 2009. 

144. Kirkendall ES, Kloppenborg E, Papp J, White D, Frese C, Hacker D, et al. Measuring Adverse 

Events and Levels of Harm in Pediatric Inpatients With the Global Trigger Tool. PEDIATRICS. 

2012;130:e1206–14. 

145. Stockwell DC, Bisarya H, Classen DC, Kirkendall ES, Lachman PI, Matlow AG, et al. 

Development of an Electronic Pediatric All-Cause Harm Measurement Tool Using a Modified Delphi 

Method. J Patient Saf. 2016;12:180–9. 

146. Rutberg H, Borgstedt Risberg M, Sjödahl R, Nordqvist P, Valter L, Nilsson L. Characterisations 

of adverse events detected in a university hospital: a 4-year study using the Global Trigger Tool 

method. BMJ Open. 2014;4:e004879. doi:10.1136/bmjopen-2014-004879. 

147. Kopp BJ, Erstad BL, Allen ME, Theodorou AA, Priestley G. Medication errors and adverse drug 

events in an intensive care unit: Direct observation approach for detection. Crit Care Med. 

2006;34:415–25. doi:10.1097/01.CCM.0000198106.54306.D7. 

 



 

 

91 

148. Kottner J, Audige L, Brorson S, Donner A, Gajewski BJ, Hróbjartsson A, et al. Guidelines for 

Reporting Reliability and Agreement Studies (GRRAS) were proposed. Int J Nurs Stud. 2011;48:661–

71. 

149. Schildmeijer K, Nilsson L, Arestedt K, Perk J. Assessment of adverse events in medical care: 

lack of consistency between experienced teams using the global trigger tool. BMJ Qual Saf. 

2012;21:307–14. doi:10.1136/bmjqs-2011-000279. 

150. Bjørn B, Anhøj J, Østergaard M, Kodal AM, von Plessen C. Test-Retest Reliability of an 

Experienced Global Trigger Tool Review Team. J Patient Saf. 2017;:1. 

doi:10.1097/PTS.0000000000000433. 

151. Naessens JM, O’Byrne TJ, Johnson MG, Vansuch MB, Mcglone CM, Huddleston JM. 

Measuring hospital adverse events: Assessing inter-rater reliability and trigger performance of the 

Global Trigger Tool. Int J Qual Heal Care. 2010;22:266–74. 

152. Von Plessen C, Kodal AM, Anhøj J. Experiences with global trigger tool reviews in five Danish 

hospitals: An implementation study. BMJ Open. 2012;2:e001324–e001324. doi:10.1136/bmjopen-

2012-001324. 

153. Huddleston JM, Diedrich DA, Kinsey GC, Enzler MJ, Manning DM. Learning From Every 

Death. J Patient Saf. 2014;10:6–12. doi:10.1097/PTS.0000000000000053. 

154. Mevik K, Griffin FA, Hansen TE, Deilkås E, Vonen B. Is inter-rater reliability of Global Trigger 

Tool results altered when members of the review team are replaced? Int J Qual Heal Care. 

2016;28:492–6. doi:10.1093/intqhc/mzw054. 

155. Griffin FA, Classen DC. Detection of adverse events in surgical patients using the Trigger Tool 

approach. Qual Saf Health Care. 2008;17:253–8. 

156. Lærd Statistics N. How to perform a Poisson Regression Analysis in SPSS Statistics | Laerd 

Statistics. https://statistics.laerd.com/spss-tutorials/poisson-regression-using-spss-statistics.php. 

Accessed 12 Nov 2019. 

157. Weaver CG, Ravani P, Oliver MJ, Austin PC, Quinn RR. Analyzing hospitalization data: 

potential limitations of Poisson regression. Nephrol Dial Transplant. 2015;30:1244–9. 

doi:10.1093/ndt/gfv071. 

158. Bland JM, Altman DG. Multiple significance tests: the Bonferroni method. BMJ. 1995;310:170. 

doi:10.1136/bmj.310.6973.170. 

159. Department of Health. Lov om medisinsk og helsefaglig forskning (helseforskningsloven) - 



 

 

92 

Lovdata. https://lovdata.no/dokument/NL/lov/2008-06-20-44#KAPITTEL_1. Accessed 13 Nov 2019. 

160. Department of Health. Veileder til lov 20. juni 2008 nr. 44 om medisinsk og helsefaglig 

forskning (helseforskningsloven). 2010. 

http://www.regjeringen.no/nb/dep/hod/dok/veiledninger_og_brosjyrer/2010/Veileder-til-lov-20-juni-

2008-nr-44-om-medisinsk-og-helsefaglig-forskning-helseforskningsloven.html?id=599512. Accessed 

2 Nov 2019. 

161. World Health Organization. Ethical Issues in Patient Safety Research. 2013. 

162. Baker DW, Persell SD. Criteria for Waiver of Informed Consent for Quality Improvement 

Research. JAMA Intern Med. 2015;175:142. doi:10.1001/jamainternmed.2014.6977. 

163. Lipitz-Snyderman A, Weingart SN, Anderson C, Epstein AS, Killen A, Classen D, et al. ReCAP: 

Detection of Potentially Avoidable Harm in Oncology From Patient Medical Records. J Oncol Pract. 

2016;12:178–9. 

164. O’Brien SF, Yi QL. How do I interpret a confidence interval? Transfusion. 2016;56:1680–3. 

doi:10.1111/trf.13635. 

165. Hoffmann K, Pischon T, Schulz M, Schulze MB, Ray J, Boeing H. A Statistical Test for the 

Equality of Differently Adjusted Incidence Rate Ratios. Am J Epidemiol. 2007;167:517–22. 

doi:10.1093/aje/kwm357. 

166. Charlson ME, Pompei P, Ales KL, MacKenzie CR. A new method of classifying prognostic 

comorbidity in longitudinal studies: Development and validation. J Chronic Dis. 1987;40:373–83. 

doi:10.1016/0021-9681(87)90171-8. 

167. van Walraven C, Austin PC, Jennings A, Quan H, Forster AJ. A modification of the Elixhauser 

comorbidity measures into a point system for hospital death using administrative data. Med Care. 

2009;47:626–33. doi:10.1097/MLR.0b013e31819432e5. 

168. Zegers M, De Bruijne MC, Wagner C, Hoonhout LHF, Waaijman R, Smits M, et al. Adverse 

events and potentially preventable deaths in Dutch hospitals: Results of a retrospective patient record 

review study. Qual Saf Heal Care. 2009;18:297–302. doi:10.1136/qshc.2007.025924. 

169. Hogan H, Healey F, Neale G, Thomson R, Vincent C, Black N. Preventable deaths due to 

problems in care in English acute hospitals: a retrospective case record review study. BMJ Qual Saf. 

2012;21:737–45. doi:10.1136/bmjqs-2011-001159. 

170. Skyrud KD, Bray F, Møller B. A comparison of relative and cause-specific survival by cancer 

site, age and time since diagnosis. Int J Cancer. 2014;135:196–203. doi:10.1002/ijc.28645. 



 

 

93 

171. Schnipper LE, Smith TJ, Raghavan D, Blayney DW, Ganz PA, Mulvey TM, et al. American 

Society of Clinical Oncology Identifies Five Key Opportunities to Improve Care and Reduce Costs: 

The Top Five List for Oncology. J Clin Oncol. 2012;30:1715–24. 

172. O’Brien MER, Borthwick A, Rigg A, Leary A, Assersohn L, Last K, et al. Mortality within 30 

days of chemotherapy: A clinical governance benchmarking issue for oncology patients. Br J Cancer. 

2006;95:1632–6. doi:10.1038/sj.bjc.6603498. 

173. Mort D, Lansdown M, Smith N, Protopapa K, Mason M. For better, for worse? A review of the 

care of patients who died within 30 days of receiving systemic anti-cancer therapy. London; 2008. 

https://www.ncepod.org.uk/2008report3/Downloads/SACT_report.pdf. Accessed 19 Jun 2019. 

174. Glare P, Virik K, Jones M, Hudson M, Eychmuller S, Simes J. A systematic review of physicians 

survival predictions in terminally ill cancer patients. BMJ. 2003;327 July:1–6. 

175. Nieder C, Marienhagen K, Dalhaug A, Aandahl G, Haukland E, Pawinski A. Prognostic models 

predicting survival of patients with brain metastases: Integration of lactate dehydrogenase, albumin 

and extracranial organ involvement. Clin Oncol. 2014;26:447–52. 

176. Nieder C, Angelo K, Dalhaug A, Pawinski A, Haukland E, Norum J. Palliative radiotherapy 

during the last month of life: Predictability for referring physicians and radiation oncologists. Oncol 

Lett. 2015;10:3043–9. 

177. Nieder C, Tollåli T, Dalhaug A, Haukland E, Aandahl G, Pawinski A, et al. Active Anticancer 

Treatment During the Final Month of Life in Patients with Non-small Cell Lung Cancer. Anticancer 

Res. 2014;34.  

178. Temel JS, Greer JA, Muzikansky A, Gallagher ER, Admane S, Jackson VA, et al. Early palliative 

care for patients with metastatic non-small-cell lung cancer. N Engl J Med. 2010;363:733–42. 

doi:10.1056/NEJMoa1000678. 

179. Zimmermann C, Swami N, Krzyzanowska M, Hannon B, Leighl N, Oza A, et al. Early palliative 

care for patients with advanced cancer: A cluster-randomised controlled trial. Lancet. 2014;383:1721–

30. 

180. Ziegler LE, Craigs CL, West RM, Carder P, Hurlow A, Millares-Martin P, et al. Is palliative care 

support associated with better quality end-of-life care indicators for patients with advanced cancer? A 

retrospective cohort study. BMJ Open. 2018;8. 

181. Nieder C, Tollåli T, Haukland E, Reigstad A, Flatøy LR, Engljahringer K. Impact of early 

palliative interventions on the outcomes of care for patients with non-small cell lung cancer. Support 



 

 

94 

Care Cancer. 2016;24:4385–91. 

182. Nieder C, Dalhaug A, Pawinski A, Haukland E, Mannsaker B, Engljahringer K. Palliative 

radiotherapy with or without additional care by a multidisciplinary palliative care team in patients with 

newly diagnosed cancer: a retrospective matched pairs comparison. Radiat Oncol. 2015;10:61. 

doi:10.1186/s13014-015-0365-0. 

183. World Health Organization. WHO Definition of Palliative Care. WHO. 2012. 

https://www.who.int/cancer/palliative/definition/en/. Accessed 22 Feb 2020. 

184. Collins AS. Preventing Health Care–Associated Infections. Agency for Healthcare Research and 

Quality (US); 2008. http://www.ncbi.nlm.nih.gov/pubmed/21328782. Accessed 7 Jan 2020. 

185. Kennerly DA, Kudyakov R, da Graca B, Saldaña M, Compton J, Nicewander D, et al. 

Characterization of adverse events detected in a large health care delivery system using an enhanced 

global trigger tool over a five-year interval. Health Serv Res. 2014;49:1407–25. doi:10.1111/1475-

6773.12163. 

186. Nilsson L, Borgstedt-Risberg M, Soop M, Nylén U, Ålenius C, Rutberg H. Incidence of adverse 

events in Sweden during 2013-2016: a cohort study describing the implementation of a national 

trigger tool. BMJ Open. 2018;8:e020833. doi:10.1136/bmjopen-2017-020833. 

187. Basch E, Iasonos A, Mcdonough TA, Barz A, Culkin A, Kris MG, et al. Patient versus clinician 

symptom reporting using the National Cancer Institute Common Terminology Criteria for Adverse 

Events: results of a questionnaire-based study. Lancet Oncol. 2006;7:903–9. doi:10.1016/S1470. 

188. Lammers A, Slatore CG, Fromme EK, Vranas KC, Sullivan DR. Association of Early Palliative 

Care With Chemotherapy Intensity in Patients With Advanced Stage Lung Cancer: A National Cohort 

Study. J Thorac Oncol. 2019;14:176–83. 

189. Pakhomov S V, Jacobsen SJ, Chute CG, Roger VL. Agreement between patient-reported 

symptoms and their documentation in the medical record. Am J Manag Care. 2008;14:530–9. 

http://www.ncbi.nlm.nih.gov/pubmed/18690769. Accessed 22 Feb 2020. 

190. Basch E. The Missing Voice of Patients in Drug-Safety Reporting. N Engl J Med. 2010;362:865–

9. doi:10.1056/NEJMp0911494. 

 

191. Quinten C, Maringwa J, Gotay CC, Martinelli F, Coens C, Reeve BB, et al. Patient self-reports of 

symptoms and clinician ratings as predictors of overall cancer survival. J Natl Cancer Inst. 

2011;103:1851–8. doi:10.1093/jnci/djr485. 



 

 

95 

192. Basch E, Reeve BB, Mitchell SA, Clauser SB, Minasian LM, Dueck AC, et al. Development of 

the national cancer institute’s patient-reported outcomes version of the common terminology criteria 

for adverse events (PRO-CTCAE). Journal of the National Cancer Institute. 2014;106. 

doi:10.1093/jnci/dju244. 

193. Dueck AC, Mendoza TR, Mitchell SA, Reeve BB, Castro KM, Rogak LJ, et al. Validity and 

reliability of the us national cancer institute’s patient-reported outcomes version of the common 

terminology criteria for adverse events (PRO-CTCAE). JAMA Oncol. 2015;1:1051–9. 

doi:10.1001/jamaoncol.2015.2639. 

 

 

 

 

 

 

  



 

 

96 

 



 

 

 

 

 

 

 

 

 

Appendices 

  



 

 

 

  



 

 

 

 

Appendix I: Types of adverse events according to the 
Norwegian GTT manual 
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Appendix II: Norwegian GTT Trigger Sheet



 

 

 

 

Appendix III: Oncology triggers 

 

 

Trigger 

 
Oncology Module Triggers 

O1 Mucositis / stomatitis 

O2 Skin desquamation 

O3 Palmar plantar syndrome 

O4 Diarrhoea 

O5 Constipation 

O6 Dysphagia 

O7 Aspiration 

O8 Vomiting 

O9 Urinary tract infection 

O10 Neuropathy 

O11 Neutropenia (neutrophils <1.0) 

O12 Thrombocytopenia (thrombocytes <50)  

O13 Hyperglycaemia (glucose >18 mmol/l) 

O14 Hypercalcaemia (calcium >2.6 mmol/l)  

O15 Hyperkalaemia (potassium >6.0 mmol/l) 

O16 Allergic reaction 

O17 Anaphylactic reaction 

O18 Extravasation 

O19 Peripheral or central vascular access infection 

O20 Sudden onset confusion 

O21 Unexpected medical or surgical emergency / sudden death 
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ORIGINAL ARTICLE

Adverse events in hospitalised cancer patients: a comparison to a general
hospital population

Ellinor Christin Hauklanda,b, Christian von Plessenc,d, Carsten Niedera,e and Barthold Vonenb,f

aDepartment of Oncology and Palliative Medicine, Nordland Hospital Trust, Bodø, Norway; bDepartment of Community Medicine, University
of Tromsø, Tromsø, Norway; cCentre for Quality, Region of Southern Denmark, Middelfart, Denmark; dInstitute of Regional Health Research,
University of Southern Denmark, Odense, Denmark; eDepartment of Clinical Medicine, University of Tromsø, Tromsø, Norway; fCentre for
Clinical Documentation and Evaluation, Northern Norway Regional Health Authority, Tromsø, Norway

ABSTRACT
Background: Patients with cancer are often treated by many healthcare providers, receive complex
and potentially toxic treatments that can increase the risk for iatrogenic harm. The aim of this study is
to investigate whether hospitalised cancer patients are at higher risk of adverse events (AEs) compared
to a general hospital population.
Material and methods: A total of 6720 patient records were retrospectively reviewed comparing AEs
in hospitalised cancer patients to a general hospital population in Norway, using the IHI Global Trigger
Tool method.
Results: 24.2 percent of admissions for cancer patients had an AE compared to 17.4% of admissions of
other patients (p< .001, rr 1.39, 95% CI 1.19–1.62). However, cancer patients did not have a higher rate
of AEs per 1000 patient days compared to other patients, 37.1 vs. 36.0 (p¼ .65, rr 0.94, 95% CI
0.90–1.18). No particular cancer category is at higher risk. The rate of AEs increases by 1.05 times for
each day spent in hospital. For every year increase in age, the risk for AEs increases by 1.3%. Cancer
patients more often have hospital-acquired infections, other surgical complications and AEs related to
medications.
Conclusions: Because of higher age, longer length of stay and surgical treatment, hospitalised cancer
patients experience AEs more often than other patients.

ARTICLE HISTORY
Received 20 January 2017
Accepted 14 March 2017

Introduction

The health care system is a complex environment involving
both system and individual risk factors for iatrogenic harm.
Based on patient characteristics, complexity and seriousness
of the illness, some patients are at greater risk of adverse
events (AEs) [1,2]. The risk of iatrogenic harm increases with
age, length of stay, surgery, emergency services and treat-
ment in intensive care [3]. Patients with cancer are often
treated by a variety of healthcare providers, receive complex
and potentially toxic treatments that could increase the risk
of iatrogenic harm [4]. As new treatments are developed,
new safety hazards will evolve. In addition, cancer patients
may be more prone to AEs due to the disease itself. Accurate
and reliable measurement of AEs remains a challenge in the
patient safety field [5]. The Institute for Healthcare
Improvement’s Global Trigger Tool (IHI GTT) is widely used as
a method to measure and monitor AEs in general hospital-
ised patients [3,6]. Despite this method’s high sensitivity and
specificity in detecting iatrogenic harm, there are limitations
[7–9]. One Danish study raises methodological concerns of
the IHI GTT, not being specific enough in monitoring harm in
cancer patients [10]. Knowledge of patient safety measures in

cancer is limited, and a disease-specific approach could be of
value for targeted improvements in cancer care. The aim of
this study is to investigate whether cancer patients have a
higher risk of AEs compared to a general hospital population
as documented by the IHI Global Trigger Tool.

Material and methods

Study design

The study is a retrospective record review comparing AEs in
hospitalised cancer patients and patients with other diseases.

Setting

The study was performed at a public health trust in Norway.
Nordland Hospital Trust has three somatic hospitals: one cen-
tral and two smaller district hospitals, with a total of 524
beds. Cancer patients are treated and hospitalised in all three
hospitals, but only the central hospital has a separate depart-
ment of oncology. The oncology department provides ambu-
latory chemotherapy, palliative care and radiotherapy. Cancer
surgery is primarily performed at the Central Hospital in
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Bodø. None of the hospitals has a separate oncological
inpatient unit, so cancer patients are admitted to other
department depending on the origin of their cancer.

Study population

Since 2010, all hospitals in Norway are required to review a
minimum of 20 randomly selected medical records per month
using the IHI GTT method [11]. Nordland Hospital Trust chose
from the start to review 140 records monthly to achieve
more accurate measurement and better support for local
improvement initiatives [12]. From 1 January 2010 to 31
December 2013, a total of 6720 records were reviewed using
the IHI GTT method. Ten patient records were randomly
sampled, block randomised twice monthly from the discharge
list of seven units in the trust (surgery, orthopaedics, internal
medicine, gynaecology/obstetrics, neurology/others and the
district hospitals of Lofoten and Vesterålen). Patients below
the age of eighteen, patients with a length of stay less than
twenty-four hours or patients admitted primarily for psychi-
atric conditions or rehabilitation were excluded [12–14]. Our

analysed sample accounts for 8.5% of the eligible discharges
of inpatients from the health trust in the study period.
Cancer patients were identified by matching the patient ID
number in the sample to cancer diagnosis in the discharge
lists of the hospitals. From the total sample size of 6720
records, 812 (12.1%) of the patients had cancer as primary or
secondary diagnosis on discharge classified by ICD-10. Age,
gender, length of stay, type of admission, hospital, depart-
ment and cancer characteristics were obtained (Figure 1).

Review method

The review was done according to the Norwegian version
of the IHI GTT manual. The Norwegian version is identical to
the IHI GTT, except for minor changes to three triggers
[13,14]. All review teams were trained according to the IHI
protocol for GTT analyses. Seven different teams reviewed
records from their unit in the trust. All review teams consist
of one physician and two nurses, and only had minor
changes in composition during the study period. The review
was performed as in two-stages. Two nurses reviewed all
records independently and then together reached consensus
on presence, category and severity of AEs. The physician
then authenticated their findings. Cancer patients were
reviewed together with the other patients, and separated
afterwards for the study. AEs were defined as ‘Unintended
physical injury resulting from or contributed to by medical
care that requires additional monitoring, treatment or hospi-
talization, or that results in death.’ [14] The severity of AEs
was categorised according to the NCC MERP index [15]
(Table 1). AEs were before reviewing grouped into 23 catego-
ries according to recommendations in the Norwegian GTT
manual. For statistical purpose, the categories were aggre-
gated into eight main categories in the study: hospital-
acquired infections, surgical complications, bleeding/throm-
bosis, patient fall/fracture, medication harm, obstetric harm,
pressure ulcer and others.

Statistical analysis

Demographic variables were compared using the Pearson’s
Chi-squared test and the Mann–Whitney U-test. Incidence
rates of AEs, severities and categories were compared using
negative binominal regression in generalised linear models.
Rates were calculated as AEs per 1000 patient days and as
percentage of admissions with one or more AEs. Log patient
days were used as offset variable to compare rates per 1000
patient days. For admissions with AEs, the offset variable was
set to a fixed value of zero. In addition, we adjusted for dem-
ographical variables: age, gender, length of stay, type
of admission, hospital, department and year of discharge.
A p-value< .05 was deemed statistically significant. Data
were analysed with IBM SPSS V23.0.

Results

Demographic characteristics

According to the discharge index, cancer diagnosis accounts
for 10.8% of patients admitted to the total hospitals popula-
tion. In our sample, cancer patients represent a stable rate of
12% per year, evenly distributed between the hospitals.
Cancer patients are 10.2 years older, stay 2.27 days longer in
hospital and are more often male than the general hospital
population. Cancer patients are more often admitted elec-
tively, and are more likely to be admitted to a surgical
department than other patients (Table 2).

Cancer of the large bowel (15%), prostate (13%) and lung
(12%) are most common. Gastrointestinal and urinary cancer

Figure 1. Overview population and study design.
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Nordland Hospital Trust
2010-2013
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counts for 51% of the cancers. 59% of the cancer patients
have metastases and 65% are in a palliative setting. A major-
ity of the patients (51%) received ordinary medical treatment.
Thirty-five percent had surgery or other minor procedures
such as biopsies, stent insertion or pleural draining. Fifteen
percent received cancer-related treatments such as chemo-
therapy or radiation (Table 3).

Comparison of AEs

An AE was recorded in 24.2% of admissions for cancer
patients compared to 17.4% of admissions for other patients
(p< .001, rr 1.39, 95% CI 1.19–1.62). Estimating the rate per
1000 patient days, cancer patients have no higher rate of AEs
than other patients, 37.1 vs. 36.0 (p¼ .65, rr 0.94, 95% CI
0.90–1.18). Adjusted for demographic variables, there is still
no significant difference between the groups but the inci-
dence rate of AEs decreases, 24.4 vs. 26.0 (p¼ .35, rr 0.94,
95% CI 0.82–1.07) (Table 4).

For the total sample, the rate of AEs is 1.05 times greater
for each extra day spent in hospital (p< .001, 95% CI
1.04–1.06). For every year increase in age, the risk of an AE
increases by 1.3%, (p< .001, rr 1.013, 95% CI 1.01–1.02).
Acute admission increases the risk of AEs by 17% (p¼ .01, rr
1.17, 95% CI 1.039–1.327). Admission to a surgical or gynae-
cology department increases the rate of AEs by more than
50%. The district hospital in Lofoten has a 30% lower rate of
AEs (p< .001, rr 0.70, 95% CI 0.580–0.850) (Table 5).

Cancer patients having surgery or minor procedures have
an increased rate of 68% for AEs compared to other patients
with cancer (p¼ .007, rr 1.68, 95% CI of 1.15–2.46). Receiving
treatment with curative intent increases the rate of AEs by
74% (p¼ .002, rr 1.74, CI 95% 1.24–-2.46). However, rates are
similar for the different cancer categories (Table 3).

Severity of AEs

Most of the AEs are of temporary harm, severity E and F for
both cancer patients (88%) and others (89%). Adjusted for
demographic variables, there is no difference in severity per
admission or per 1000 patient days between cancer patients
and other patients.

Type of AEs

Cancer patients more often than other patients experience
hospital-acquired infections, 11.5 vs. 7.6% per admission
(p¼ .001, rr 1.51, 95% CI 1.20–1.91). Cancer patients primarily
have lower respiratory infections (4.5 vs. 2.8%) and other

infections (3.2 vs. 1.6%). Cancer patients have a 54% greater
risk than other patients of surgically related AE per admis-
sion, 8.7 vs. 5.7% (p¼ .002, rr 1.54, 95% CI 1.18–2.00). This is
primarily due to events termed ‘other operative
complications’, 3.1 vs. 1.9%. Cancer patients experience twice
the rate of medication-related AE per admission, 34 vs. 17%
(p¼ .005, rr 2.03, 95% CI 1.23–2.91). Adjusted for length of
stay and other demographic variables, cancer patients have a
58% higher risk for medication-related AEs per 1000 patient
days, 2.6 vs. 1.6 (p¼ .045, rr 1.58, 95% CI 1.01–2.46) (Table 6).

Discussion

Hospitalised cancer patients have a 39% greater risk of expe-
riencing an AE compared to other patients, but this is due to
older age, longer length of stay and surgery rather than the
cancer itself. There is no difference in occurrence of AEs by
type of cancer, but patients receiving treatment with curative
intent and undergoing surgery have a higher rate of AEs.

Length of stay is the main risk factor for experiencing an
AE, increasing the risk with 5.1% for each day spent in hos-
pital. In our study, cancer patients stay 2.27 days longer in
hospital, increasing the risk for AEs by 11.5%. Other studies
have shown that there is a strong correlation between length
of stay and rate of AEs [7,16]. The average length of stay in
Norway for all hospitalised patients in 2013 was 5.6 days and
6.1 days for cancer patients [17]. Our study correlates with
findings for the overall hospital population, while our cancer
patients are admitted two days longer than the national
average. Increased rates of AEs can both be the cause for or
a consequence of longer length of stay [16,18]. Our study
was not designed to clarify this question.

A meta-analysis of AEs measured by the GTT, found an aver-
age of 29% of admissions with at least one AE and an average
of 61 AEs per 1000 patient days [3]. These average rates are
higher than we found in our study, but comparing rates are dif-
ficult due to differences in study population and case mix. A
Norwegian national GTT measurement shows that the total

Table 1. Severity grading of AEs.

Category

E Temporary harm that required intervention
F Temporary harm that required initial or prolonged hospitalization
G Permanent patient harm
H Intervention required necessary to sustain life
I Harm contributed to or resulted in patient death

Note: Severity categories according to the National Coordinating Council for
Medication Error Reporting and Prevention Index (NCC MERP).

Table 2. Characteristics in 6720 patients.

Parameter
Cancer patients

n¼ 812
Other patients

n¼ 5908

Mean age, years (SD) 70.0 (13.0) 59.7 (21.5)�
Min.–Max. 20–102 18–102

Mean length of stay, days (SD)� 8.4 (9.6) 6.1 (7.0)�
Min.–Max. 1–81 1–122

Gender N (%)
Female 364 (44.8) 3 642 (61.6)�
Male 448 (55.2) 2 266 (38.4)

Type of admission N (%)
Acute 512 (63.1) 4 291 (72.9)
Planned 300 (36.9) 1 617 (27.4)�
Years 2010–2013 Range (%) 11.3–12.4 87.6–87.9

Hospital range (%)
Central Hospital Bodø 604 (12.6) 4 196 (87.4)
District Hospital Lofoten 106 (11.0) 854 (89.0)
District Hospital Vesterålen 102 (10.6) 858 (89.4)

Department N (%)
Internal medicine 236 (29.1) 1 689 (28.6)
Surgery 457 (56.3) 2 290 (38.8)�
Gynaecology 36 (4.4) 1 063 (18.0)�
Neurology 40 (4.9) 599 (10.1)
Other departments 43 (5.3) 266 (4.5)

�p< .001.
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harm rate on average was 15.96% for the same time period
[19]. This is lower than our rate and could be due to the fact
that Nordland Hospital Trust reviews seven times more patient
records than other hospitals in Norway [12]. Our results are

consistent with findings from Denmark where similar rates of
AEs were detected in cancer patients [20].

The district hospital of Lofoten has a 30% lower rate of AE
(13.4 per 1000 patient days). This is significantly lower than
the Central Hospital of Bodø (17.7 per 1000 patient days) but
not much lower than the Local Hospital of Vesterålen (14.6
per 1000 patients days). These findings correlate with the
size of the hospitals and are most likely explained by the fact
that the local hospitals perform less surgery and have a
lower DRG index.

Admissions with AEs tell us what happens to the patients,
while AEs per 1000 patient days adjusts for one important
risk factor, and makes it more appropriate for monitoring
over time. In addition, our data show that adjusting for other
characteristics such as age, gender, type of admission and
department further decreases the rate of AEs per 1000
patient days to 37.1 vs. 24.4 and 36.0 vs. 26.0 respectively.
This implies that demographic characteristics significantly
affect the rate of AEs. Demographic variables may vary and
especially affect small sample sizes as recommended
reviewed in the IHI GTT method. Not adjusting for demo-
graphic variables therefore raises concern about the GTT
methods ability to detect real change when monitoring AEs
even within an organisation.

The age of patients is a main risk factor for AEs [7,21]. Our
results indicate that for every year increase in age, the risk of
an AE increases by 1.3%. In our sample, cancer patients are
10.2 years older than other patients, increasing the risk by
13%. Age is also a strong determinant of cancer risk and an

Table 3. Cancer characteristics and rate of AEs.

Admissions with AEs AEs per 1000 patient days

Frequency (%) Percent p Value Rate p Value

Cancer categories .520 .102
Gastrointestinal 210 (25.9) 26.2 35.9
Urinary/Male genitalia 208 (25.6) 25.0 39.4
Respiratory 95 (11.7) 29.5 32.7
Lymphoma/Haematological 85 (10.5) 18.8 21.0
Breast 65 (8.0) 23.1 46.4
Gynaecology 51 (6.3) 17.6 22.7
ENT 40 (4.9) 17.5 22.9
Others 58 (7.1) 25.9 17.0

Metastases .028 .118
Lymphatic 122 (15.0) 36.5 45.2
Organ 356 (43.8) 21.2 28.5
None 334 (41.1) 23.9 32.3

Treatment intention .022 .002
Curative 281 (34.6) 30.4 44.9
Palliative 531 (65.4) 21.3 25.8

Treatment .149 .022
Surgery 281 (34.6) 30.9 44.2
Chemotherapy 77 (9.5) 24.9 31.1
Radiation 40 (4.9) 27.2 19.2
None 414 (51.0) 20.4 26.3

Note: Estimated using negative binominal regression adjusted for demographic characteristics.

Table 4. Incidence rates for AEs.

Admissions with AEs AEs per 1000 patient days

Frequency Percent CI 95% p Valuea Frequency Rate CI 95% p Valuea

Cancer patients N¼ 812 197 24.2 20.7–28.2 .000 253 37.1 32.8–42.0 .651
Other patients N¼ 5908 1027 17.4 16.3–18.6 1295 36.0 34.1–38.0

Note: Comparison of frequency and rate not adjusted for any other variables.
aNegative bi-nominal regression.

Table 5. Incidence rate for AEs.

Parameter
AEs per 1000
patient days 95% CI Exp(B) p Valuea

Patients
Cancer 24.4 20.7–28.7 0.937 .349
Others 26.0 23.2–29.2 1

Age 1.013 .000
Gender

Male 14.9 12.9–17.3 1.010 .851
Female 15.3 13.3–17.7 1

Type of admission
Acute 18.5 16.2–21.1 1.174 .010
Planned 12.4 10.5–14.6 1

Year
2010 27.2 15.3–21.0 1.049 .511
2011 25.2 14.4–19.8 0.973 .707
2012 22.7 11.0–15.4 0.875 .087
2013 25.9 12.0–17.6 1

Hospital
Central Hospital Bodø 17.7 15.8–19.9 0.991 .906
District Hospital Lofoten 13.4 11.1–16.3 0.702 .000
District Hospital Vesterålen 14.6 12.0–17.6 1

Department
Internal medicine 13.5 11.7–15.7 0.984 .929
Surgery 23.6 21.1–26.6 1.745 .002
Gynaecology 17.8 14.2–22.4 1.562 .025
Neurology 13.3 10.5–16.9 0.755 .155
Others 10.4 7.21–15.1 1

Note: Rates adjusted for age, gender, type of admission, year, hospital and
department.
aNegative Binominal regression with fixed age 60.9 years and length of stay
6.37 days.
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ageing population will increase the cancer rate per se. This
implies that more patients will need cancer treatment, and
thus escalate the burden on cancer care, and risk of AEs in
our hospitals [22].

Our results are consistent with other studies indicating
that admission to a surgical department and having surgery
increases the rate of AEs [16,23]. A majority of our cancer
patients are admitted to surgical departments and 36% have
surgery. Since surgery is the main curative treatment for can-
cer, this partly explains why receiving treatment with curative
intent increase the risk for AEs.

In accordance with other GTT studies on cancer patients,
cancer patients more often experience AEs related to hos-
pital-acquired infections (lower respiratory infections and
other infections), surgical complications and medication harm
[24,25]. Adjusted for length of stay and other demographic
variables, the only type of AE cancer patients experience
more often is harm related to medication. Unfortunately, we
do not know if these AEs relate to chemotherapy or other
medications. The GTT method only registers if an AEs has
occurred, and does not identify supplementary information
such as type of medication, dosage or polypharmacy that
could identify underlying causes and benefit further improve-
ment work. Many of the categories are heterogeneous and
need to be more specific to provide meaningful data for
improvement in cancer care.

Our sample is representative for a general hospitalised
population and shows that the majority of cancer patients
receive surgery or ordinary medical treatment. Only 15% of
the patients receive cancer related treatment such as

chemotherapy or radiation. Our study shows that cancer in
itself is not a risk factor for AEs, and hospitalised cancer
patients seem to have the same general risk factors for AEs as
other patients. Having cancer should therefore not affect the
reliability of the GTT method when used in an ordinary in-
hospital population. The fact that only 15% of hospitalised
cancer patients receive medical or radiation related cancer
treatments indicates that monitoring AEs related to these
treatments preferably should be done in an ambulatory
setting.

Limitations

The GTT as a method has limitations that most likely also
apply to our study. The reliability of record reviewing is mod-
erate to sustainable when done by a small group of
reviewers [9]. In our study, seven different teams (21
reviewers) did the review. Even though the teams had the
same training, where fairly consistent and reviewed 960
records during the period, there is a possibility that their
judgement of what is an AE, severity grading and classifica-
tion could vary between the teams and deviate over time.
Another GTT study in the health trust has shown substantial
agreement between teams, but our study was not designed
to look at inter-rated reliability [12]. As a retrospective record
review method, the GTT may have limitations regarding
documentation bias, since reviewers must rely on information
recorded in the patient charts. This could be avoided per-
forming a real time observation study, but does not seem
feasible to use as a method to measure AEs over time.

Table 6. Comparing type of AEs per admission.

Cancer patients Other patients
Admission with AEs cancer vs.

other patients
Admissions with AEs adjusteda

cancer vs. other patients

N (%) N (%) Exp(B) p Value CI 95% Exp(B) p Value CI 95%

Hospital acquired infections 94 (11.5) 451 (7.6) 1.51 .001 1.20–1.91 1.03 .848 0.80–1.32
Urinary tract infection 29 (3.6) 180 (3.0)
Central venous catheter infection 1 (0.1) 4 (0.1)
Ventilator associated pneumonia 1 (0.1) 9 (0.2)
Other infections 37 (4.5) 164 (2.8)
Lower respiratory infections 26 (3.2) 94 (1.6)

Surgical complications 71 (8.7) 335 (5.7) 1.54 .002 1.18–2.00 0.99 .920 0.74–1.31
Infection after surgery 12 (1.5) 59 (1.0)
Respiratory complications after surgery 4 (0.5) 13 (0.2)
Return to surgery 8 (1.0) 46 (0.8)
Injury, repair or removal of organ 6 (0.7) 19 (0.3)
Bleeding after surgery 11 (1.3) 82 (1.4)
Any other operative complication 25 (3.1) 113 (1.9)
Switch in surgery 5 (0.6) 3 (0.1)

Bleeding and thrombosis 20 (5.6) 142 (2.4) 1.02 .933 0.64–1.64 0.74 .228 0.45–1.21
Thrombosis-embolism 5 (0.6) 27 (0.5)
Bleeding 15 (1.8) 115 (1.9)

Patient fall and fracture 10 (1.2) 87 (1.4) 0.83 .586 0.43–1.61 0.65 .217 0.33–1.29
Patient fall 9 (1.1) 45 (0.8)
Fracture 1 (0.1) 42 (0.7)

Medication harm 28 (3.4) 100 (1.7) 2.03 .001 1.33–3.10 1.87 .005 1.20–2.91
Obstetric harm 0 (0) 36 (0.6)
Pressure ulcers 7 (0.9) 37 (0.6) 1.37 .446 0.61–3.09 1.05 .904 0.45–2.45
Others 23 (2.8) 107 (1.8) 1.56 .057 0.99–2.46 1.42 .146 0.88–2.29
Allergy 4 (0.5) 23 (0.4)
Medical technical harm 5 (0.6) 14 (0.2)
Deterioration of chronic illness 6 (0.7) 15 (0.3)
Others 8 (1.0) 55 (0.9)

Note: AEs grouped into 23 categories and aggregated into eight main categories for statistical analysis. Estimated differences using negative binominal
regression.
aResults adjusted for demographic characteristics.
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Nonetheless, GTT is one of the few tools measuring AEs in
health care, and is recommended for use in many organisa-
tions worldwide. Another limitation of our study is not
adjusting for comorbidities, especially since the age differ-
ence between the groups is more than 10 years and cancer
patients therefore could have more comorbidity.

Conclusions

Hospitalised cancer patients more often than other patients
experience AEs, but this is due to older age, longer length of
stay and surgery rather than the cancer itself. In addition, our
study shows that demographic characteristics affect the rate
of AEs, and raise reliability concerns regarding the GTT meth-
od’s ability to detect real change when monitoring AEs over
time. When measuring AEs in a general hospitalised popula-
tion, the GTT method seems just as reliable for cancer
patients as other patients. Since only a small amount of hos-
pitalised cancer patients receives medical or radiation related
cancer treatments, we suggest that a method for measuring
AEs in an outpatient cancer setting should be developed.
Developing cancer specific categories for AEs would also be
essential in order to provide meaningful data for improve-
ment in cancer care.
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AbstrAct
Background There is no standardised method to 
investigate death as a patient safety indicator and we need 
valid and reliable measurements to use adverse events 
contributing to death as a quality measure.
Objective To investigate the contribution of severe 
adverse events to death in hospitalised patients and clarify 
methodological differences using the Global Trigger Tool 
method on all inpatient deaths compared with a sample of 
general hospitalised patients.
Method Retrospective records reviewing using the Global 
Trigger Tool method.
Results In 0.3% of hospital admissions, adverse events 
contribute to inpatient death. Patients who die in hospital 
have twice the rate of adverse events per 1000 patient 
days compared with general patients, 76.7 vs 36.5 
(p<0.001, RR 2.10, 95% CI 1.79 to 2.47). Patients dying in 
hospital experience seven times the rate of severe adverse 
events, 38.4% vs 5.2% (p<0.001, RR 2.10, 95% CI 1.79 
to 2.47). For 86 out of 377 inpatient deaths, the adverse 
event is so severe that it contributes to death. 27.9% of 
severe adverse events contributing to death originate in 
primary care. Lower respiratory infections (p<0.001, RR 
2.81, 95% CI 1.76 to 4.51), medication harm (p<0.001, RR 
5.21, 95% CI 3.04 to 8.94) and pressure ulcers (p=0.04, 
RR 2.23, 95% CI 1.03 to 4.85) are significantly more 
frequent for inpatient deaths than in the general sample of 
hospital patients.
Conclusions Patients dying in hospitals experience 
seven times the rate of severe adverse events. Reviewing 
all inpatient death by the Global Trigger Tool method 
discloses new valid and reliable data of severe adverse 
events contributing to death which otherwise would be 
undetected.

InTroducTIon
It has been estimated that adverse events 
due to medical error are the third leading 
cause of death in the USA.1 2 These estimates 
are based on studies of general hospitalised 
populations extrapolating that 0.6%–1.1% 
of admissions result in death due to adverse 
events.3 4 Other studies of inpatient deaths 
indicate that most types of adverse events 
occur more often in patients dying in hospi-
tals.5 6 This makes studying inpatient death 
in an efficient way to identify preventable 
adverse events and provide valuable informa-
tion in areas for improvement.6 A number 
of studies investigating mortality have found 

that only 0.5%–6.0% of adverse events 
contributing to death are preventable.7–10 
However, preventability is often difficult 
to determine and including this subjective 
judgement to mortality measures makes the 
measure even more uncertain.11 There is no 
standardised method of investigating death 
as a patient safety indicator, and uncertainty 
about the results has lead to an ongoing 
discussion about using estimated mortality 
from adverse events as a quality measure in 
patient safety.12 13 All the methods used have 
limitations such as extrapolation of results 
from samples, data not being based on a 
representative population or include subjec-
tive judgement of expectancy of death or 
preventability of adverse events. Despite these 
epidemiological controversies, death is the 
most severe consequence of an adverse event, 
and knowing the actual occurrence and type 
of adverse events contributing to death can 
be valuable to improve patient safety.

Retrospective record reviewing with 
trigger tools is a widely used methodology 
for a systematic review of adverse events in 
patient records, with high sensitivity and 
specificity compared with other methods.4 14 
Most trigger tool analyses are performed on 
samples of general hospitalised patients that 
involve few deaths and may therefore not 
provide valid epidemiological estimates of 
all patients dying in hospitals. Similar studies 
conducted on inpatient deaths are mainly 
based on samples and include judgement 
of preventability in assessing adverse events 
contributing to death.6–10 Instead of collecting 
data on many less severe adverse events that 
rarely result in death, an in-depth analysis of 
all hospital deaths could provide more valid 
and reliable data on severe adverse events 
that otherwise are undetected.

The aim of our study is to investigate the 
contribution of severe adverse events to death 
in hospitalised patients and clarify method-
ological differences using the Global Trigger 
Tool (GTT) method on all inpatient deaths 
compared with a sample of general hospital-
ised patients.
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MeThod
Study design
The study is a retrospective record review using the GTT 
method to compare adverse events in a sample of general 
hospitalised patients to review all inpatient deaths from 1 
January 2013 to 31 December 2013.

Setting
The study was performed at Nordland Hospital Trust in 
Norway. This is a public health trust consisting of three 
hospitals: one central and two smaller district general 
hospitals, with 524 beds in total. The three hospitals cover 
a population of approximately 136 000 people and offer 
most surgical and medical specialties.

Study population
The sample of general hospitalised patients includes 
1680 patient records. Ten patient records were randomly 
sampled twice monthly through block randomisation 
from the discharge list of seven functional units in the 
trust (surgery, orthopaedics, internal medicine, gynae-
cology/obstetrics, neurology/others and the district 
hospitals of Lofoten and Vesterålen). Patients under 
the age of 18, patients with a length of stay <24 hours or 
patients admitted primarily for psychiatric conditions or 
rehabilitation were excluded.

For the inpatient death sample, all 377 patients who 
died in the three hospitals during 2013 were included. 
Five patients under the age of 18 were excluded (figure 1).

Figure 1 Study population and design. GTT, Global Trigger Tool. 
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GTT review of a general sample
Nordland hospital trust since 2010 has routinely performed 
GTT reviews of general hospitalised patients. Our general 
sample consist of 1680 patient records routinely reviewed 
in 2013. Seven different teams performed a two-stage 
review according to the Norwegian version of The Insti-
tute of Healthcare Improvement GTT manual.15 16 Two 
nurses reviewed all records independently before they 
together reached consensus on presence, category and 
severity of adverse events. A physician then verified their 
findings.

GTT review of inpatient deaths
During 6 months in 2015, an independent team of two 
nurses and one physician reviewed the records of all 
hospital deaths during 2013. The review was done in 
the same way as the general sample, but the physician 
reached consensus together with the nurses. Then, two 
other physicians independently re-reviewed the records 
of adverse events contributing to death and agreed/disa-
greed on the adverse event, severity and type of harm. 
Finally, the physician from the primary review team 
and the verifying physicians discussed the findings and 
reached consensus.

definition and classification of adverse events
Adverse events were defined as: ‘Unintended physical injury 
resulting from or contributed to by medical care that requires 
additional monitoring, treatment or hospitalisation, or that 
results in death’.16 The severity of adverse events was cate-
gorised according to the National Coordinating Council 
for Medication Error Reporting and Prevention Index 
(NCC MERP index),17:

 ► Category E: temporary harm that required 
intervention.

 ► Category F: temporary harm that required initial or 
prolonged hospitalisation.

 ► Category G: permanent patient harm.
 ► Category H: intervention required necessary to 

sustain life.
 ► Category I: harm contributes to patient death.

Adverse events were categorised into 23 categories 
according to recommendations of the Norwegian GTT 
manual.15 For statistical purpose, the categories were 
aggregated into eight main categories in the study: hospi-
tal-acquired infections, surgical complications, bleeding/
thrombosis, patient fall/fracture, medication harm, 
obstetric harm, pressure ulcer and others. Table 1 gives an 
overview of the original categories and their aggregation. 
Adverse events associated with medical care given prior 
to or during hospitalisation were included to evaluate the 
total number of adverse events. For medication-related 
adverse events, the generic name was obtained. In addi-
tion, we obtained age, gender, length of stay, hospital, 
department, type of admission, primary and secondary 
diagnosis on discharge classified according to Interna-
tional Statistical Classification of Diseases and Related 
Health Problems 10th Revision (ICD-10) system.

Statistical analysis
Demographic variables were compared using the Pear-
son’s Χ2 test and the Mann-Whitney U test. Incidence 
rates of adverse events, severities and categories of adverse 
events were compared using Poisson regression in gener-
alised linear models. Rates were calculated as adverse 
events per 1 000 patient days and as the percentage of 
admissions with one or more adverse events. Log patient 
days were used as an offset variable to compare rates per 
1000 patient days, and for admissions with adverse events, 
the offset variable was set to a fixed value of 0. In addi-
tion, we adjusted for the demographic variables such as 
age, gender, length of stay, hospital, department, type 
of admission and primary diagnosis. A p value <0.05 was 
deemed statistically significant. Data were analysed with 
IBM SPSS V.24.0.0.2.

reSulTS
demographic characteristics
Patients dying in the hospital are on average older than 
18.7 years, stay 5.2 days longer, are mainly emergency 
admissions and die more frequently in departments of 
internal medicine compared with patients discharged 
alive from hospital. Their three most common primary 
diagnoses are circulatory disorders, respiratory disorders 
and cancer (table 2).

comparison of adverse events
Analysing all inpatient deaths, adverse events contributed 
to death in 0.3% of all hospital admissions. Forty-six per 
cent of admissions for inpatient death experience one or 
more adverse events, compared with 16.3% of admissions 
in the general sample (p<0.001, RR 2.83, 95% CI 2.34 
to 3.43). Inpatient deaths have twice the rate of adverse 
events per 1000 patient days compared with the general 
sample, 76.7 vs 36.5 (p<0.001, RR 2.10, 95% CI 1.79 to 
2.47). Adjusting for demographic variables did not alter 
the result regarding the rate of adverse events per 1000 
patient days, 6.1 vs 3.1 (p<0.001, RR 1.94, 95% CI 1.58 to 
2.39).

Severity of adverse events
More severe adverse events (severity G, H and I) were 
identified for inpatient deaths than in the general 
sample, 38.4% vs 5.2%. Adjusted for demographic varia-
bles, admissions with adverse events and rates of adverse 
events per 1000 patient days for inpatient deaths are 
significantly higher for severe adverse events (severity 
G, H and I) (p<0.001, RR 24.0, 95% CI 11.47 to 50.13). 
There is no significant difference between the samples 
in rates of temporary adverse events (severity E and F) 
per 1000 patient days (p=0.138, RR 1.19, 95% CI 0.95 to 
1.50) (table 3). For inpatient deaths, 89 adverse events 
were primarily categorised as severity I. After verifica-
tion and consensus, two adverse events were dismissed, 
one changed severity and two changed types of harm, 
concluding with 86 adverse events contributed to death 
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for inpatient deaths compared with three adverse events 
in the general sample.

origin of adverse events
Nineteen per cent of adverse events originated in primary 
care for inpatient deaths compared with 11.6% in the 

general sample. For inpatient deaths, 27.9% of adverse 
events contributing to death were present on admis-
sion and originated in primary care. Inpatient deaths 
where the adverse event originate in primary care has a 
shorter length of stay (6.9 vs 15.8 days) and patients are 
on average 6.7 years older (84.4 vs 77.7 years) compared 
with inpatient deaths where adverse events originate after 
admission to hospital.

Type of adverse events
For inpatient death, we identify more healthcare-asso-
ciated infections than in the general sample, 42.4% vs 
33.0%. These are mainly lower respiratory infections, 
25.5% vs 10.5%. Inpatient deaths have more than five 
times the risk rate for adverse events related to medica-
tions than the general sample, 28.0% vs 8.3%, and twice 
the risk rate of developing pressure ulcers, 9.2% vs 3.4% 
(table 1).

Type of adverse events contributing to death
Lower respiratory infections with 47.7% and medication 
adverse events with 19.8% are the most common types of 
adverse events contributing to death among the 86 inpa-
tient deaths. Patients dying of lower respiratory infections 
are on average 82 years old and stay in hospital on average 
16.9 days. Patients acquiring the lower respiratory infec-
tion in primary care have a significantly shorter length of 
stay than those with a hospital-acquired infection, 6.0 vs 
22.5 days. Medication adverse events contribute to death 
for 17 of the inpatient deaths. Twelve of these patients 
have cancer as a primary or secondary diagnosis, whereof 
8 patients experience lethal complications after chemo-
therapy (table 1).

dIScuSSIon
Patients dying in hospitals differ from general hospital-
ised patients in several ways and experience seven times 
the rate of severe adverse events. GTT review of all inpa-
tient deaths and a sample of general hospitalised patients 
disclose different measures and perspectives that need to 
be considered using adverse events contributing to death 
as a valid and reliable quality measure.

The high ratio of adverse events for inpatient deaths 
in our study is similar to reviews of inpatient deaths done 

Table 2 Characteristics of patients

Parameter

General 
patients
n=1680

Inpatient 
deaths 
n=372

Mean age, years (SD) 58.8 (21.3) 77.5 (13.2)*

  18–102 18–102 18–102

Mean length of stay, days (SD)* 5.3 (5.9) 9.4 (11.7)*

  1–86 1–86 1–65

Gender, N (%)*

  Female 993 (59.1) 182 (44.9)

  Male 687 (40.9) 190 (51.1)

Type admission, N (%)*

  Acute 1211 (72.1) 364 (97.8)

  Planned 469 (27.9) 8 (2.2)

Hospital, N (%)*

  District Hospital Lofoten 240 (14.3) 56 (15.6)

  District Hospital Vesterålen 240 (14.3) 87 (23.4)

  Central Hospital Bodø 1200 (71.4) 227 (61.0)

Department, N (%)*

  Internal medicine 486 (28.9) 258 (69.4)

  Surgery 680 (40.5) 93 (25.0)

  Neurology 151 (9.0) 17 (4.6)

  Gynaecology 276 (16.4) 0

  Other departments 87 (5.2) 3 (0.8)

Primary diagnosis, N (%)*

  Infections 28 (1.7) 23 (6.2)

  Cancer 112 (6.7) 78 (21.0)

  Endocrine and haematological 86 (5.1) 6 (1.6)

  Neurological disorders 69 (4.1) 4 (1.1)

  Circulatory disorders 164 (9.8) 102 (27.4)

  Respiratory disorders 127 (7.6) 93 (25)

  Gastrointestinal disorders 144 (8.6) 25 (6.7)

  Skeletal and muscular 
disorders

21 (1,3) 3 (0.8)

  Urinary disorders 150 (8.9) 16 (4.3)

  Pregnancy and birth 231 (13.8) 0

  Damage and poisoning 170 (10.1) 16 (4.3)

  Unspecific symptoms 114 (6.8) 4 (1.1)

  Other disorders 264 (15.7) 18 (4.8)

Origin of adverse events, N (%)*

  Primary care 43 (11.6) 51 (19.0)

  Hospital 329 (88.4) 218 (81.0)

*Differences between groups for all characteristics, p<0.0001.

Table 3 Distribution of adverse events by severity

Adverse 
events

Severity categories

E F G* H* I*

General 
patients
n=324

174 (53.7) 133 (41.0) 12 (3.7) 2 (0.6) 3 (0.9)

Inpatient 
deaths
n=269

90 (33.4) 76 (28.3) 12 (4.5) 5 (1.9) 86 (32.0)

*Estimated differences per 1000 patient days using Poisson 
regression adjusted for demographic variables, p<0.001.
Severity categories according to the NCC MERP index.
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in the Netherlands and a mortality review programme 
at Mayo Clinic in the USA.5 6 Nevertheless, our rates are 
higher than most other studies undertaken on general 
hospitalised patients.18–20 Even though we have a higher 
rate of adverse events contributing to death than other 
studies, adverse events contributing to inpatient deaths 
only account for 0.3% of all hospital admissions. This is 
lower than the 0.6%–1.3% of adverse events contributing 
to death extrapolated in previous general GTT studies.3 4 
This difference can be explained by large random vari-
ation when extrapolation is based on small numbers of 
adverse events contributing to death.

The high rate of adverse events in our study can partly 
be explained by the inclusion of adverse events origi-
nating in primary care, prior to admission. Patients dying 
in the hospital are a highly selected group of patients who 
are older, stay longer, are mainly emergency admissions 
and have a smaller range of primary diagnoses. From a 
previous study, we know that the risk of adverse events 
increases by 1.3% for every year increase in age and 5.1% 
for each day spent in the hospital.21 To have a representa-
tive population, we argue that measuring adverse events 
contributing to death should be based on inpatient 
deaths rather than generalisation of reviews of general 
hospitalised patients.

Even after adjusting rates of adverse events for demo-
graphic variables and primary diagnosis patients dying 
in hospitals have nearly twice the rate of adverse events 
per 1000 patient days. This indicates that rates of adverse 
events for inpatient deaths are influenced by other factors 
than just demographic characteristics. Many patients who 
die in hospitals are very ill and frail from underlying condi-
tions, making them more vulnerable to adverse events. It 
is rarely straightforward to establish that an adverse event 
has led directly to death. More often, the adverse event is 
one of many factors contributing to death. This does not 
diminish the importance of the event, but should instead 
encourage us to monitor and treat these patients with 
utmost care and caution.

Inpatient deaths experience seven times the rate of 
severe adverse events than found in the general GTT 
sample, and much greater rates compared with any 
other general GTT studies.18–20 Our general sample 
includes 8.7% of hospitalised patients in our trust, 
including 8.8% of the inpatient deaths. In our general 
sample, we found only three adverse events so severe 
that they contributed to death. This difference in the 
rate of adverse events contributing to death could 
be due to differences in sample size, and the fact 
that adverse events contributing to death are rare in 
general hospitalised patients. Then again, we find no 
significant difference in the rate of more common 
temporary adverse events (severity E and F) between 
the two samples. We argue that using the GTT method 
on a general hospitalised population is appropriate 
for identifying more common temporary adverse 
events, but the sample size is too small to provide reli-
able metrics of rarely occurring severe adverse events. 

By including all inpatients deaths, we avoid this 
sampling error. Our data demonstrate that reviewing 
all inpatient deaths can provide new valid and reliable 
data of severe adverse events which otherwise would 
be undetected.

To evaluate the total number of adverse events resulting 
from medical care, we included all adverse events asso-
ciated with care given prior to hospitalisation. Nearly 
one-third of adverse events contributing to death are 
present on admission and originates in primary care. 
These patients are on average older than other inpatient 
deaths and are often admitted from a nursing home. On 
average, they die within a week after admission and have 
a much shorter length of stay than patients acquiring 
their adverse event during hospitalisation. Our study does 
not investigate more deeply the circumstances around 
these admissions. Nevertheless, it raises questions as to 
whether the patient should have been admitted before 
or not admitted at all. Given that nearly one-third of 
patients are admitted with an adverse event contributing 
to death, it seems likely that the quality of care provided 
in primary care prior to admission to some degree affects 
the mortality measures of hospitals.

Baines et al have found that inpatient deaths have 
a lower proportion of surgical-related adverse events 
and a greater proportion of preventable hospital-ac-
quired infections.5 In our study, we find that health-
care-associated infections, medication harm and 
pressure ulcers are significantly more frequent among 
inpatient deaths than in the general sample. We 
identified a greater proportion of surgically related 
adverse events among inpatient deaths but adjusting 
for demographic variables, there is no significant 
difference between the samples.

We find that lower respiratory infections are the most 
common severe adverse event, occurring nearly three 
times as frequently and contributing to the death of 
nearly half of the inpatient deaths. Pneumonia is one 
of the most common infections requiring hospitalisa-
tion,22 and for one-third of these patients, pneumonia 
originating in primary care contributed to death. The 
prevalence of lower respiratory infections in our study 
may be accounted for by the inclusion of adverse events 
originating in primary care. Studies over the last decade 
have shown that healthcare-associated pneumonia, 
for instance, acquired in nursing homes, differs from 
community-acquired pneumonia in terms of pathogens, 
symptoms and prognosis.23 24 Delayed recognition of 
symptoms and delayed delivery of appropriate antimicro-
bial therapy result in excess mortality.25 These patients 
are older and have a greater burden of comorbidities, so 
patients at risk of healthcare-associated pneumonia are 
also those at increased risk of dying from their under-
lying conditions. This makes the causality of death hard 
to establish. Due to this, many clinicians have judged 
lower respiratory infections difficult to prevent. Judging 
preventability is a subjective process varying between 
reviewers, affected by culture and are changing over 
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time.11 26 Healthcare-associated and hospital-acquired 
pneumonia are nevertheless important causes of severe 
adverse events that need to be considered when trying to 
improve patient safety. We argue that not judging prevent-
ability provides a more robust and reliable measurement 
of adverse events contributing to death.

Inpatient deaths have five times the risk for medica-
tion-related adverse events. Nearly all of the medication 
adverse events contributing to death were related to the 
treatment given in hospitals. More than 70% of severe 
medication adverse events contributing to death occur 
in patients with cancer, and most of these adverse events 
were related to lethal complications after chemotherapy. 
This makes medication adverse events primarily a safety 
issue in hospitals and confirms other studies identifying 
chemotherapy as a severe risk factor for adverse events in 
patients with cancer.27 28

Strengths and limitations
This study has the standard limitations of retrospec-
tive patient record reviewing such as information 
bias and poor to moderate reliability. The review 
process was performed in a slightly different way for 
the two samples. The step where the physician comes 
to consensus with the nurses for the inpatient death 
sample can have influenced what was considered an 
adverse event and its severity. Hindsight bias could 
be another limitation. Knowing the outcome and its 
severity on the judgement of causation could influ-
ence the judgement.29 The outcome of inpatient 
death is death, compared with the general sample 
where the outcome and the severity of the adverse 
events are largely unknown at the start of the review 
process. Hindsight bias may have led to an overesti-
mation of the number and severity of adverse events 
for the inpatient death sample. To reduce the risk of 
hindsight bias, we added an extra step in the reviewing 
process of the inpatient death sample, where two inde-
pendent physicians reviewed and discussed the most 
severe adverse events contributing to death once more 
before consensus was reached. The good correlation 
between the reviewing physicians could indicate a low 
effective hindsight bias, and we argue that adding this 
extra step increases the validity of the results for the 
inpatient deaths. Another strength of our study is that 
all inpatient deaths in our hospital trust are included, 
avoiding selection bias and providing a more accurate 
measurement of the contribution of adverse events to 
death in hospitalised patients.

concluSIon
Patients dying in hospitals differ in several ways from a 
general hospitalised population and experience seven 
times the rate of severe adverse events. GTT review of 
general hospitalised patients primarily identifies more 
common temporary adverse events, while a review of 
all inpatient deaths provides a new valid and reliable 

measurement of severe adverse events contributing to 
death that otherwise would be undetected. Demographic 
differences and sample size argue that mortality estimates 
of adverse events rarely contributing to death should 
not be extrapolated from GTT reviews of small general 
samples of hospitalised patients.
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Abstract 26 

Background: Anticancer treatment exposes patients to negative consequences such as 27 

increased toxicity and decreased quality of life, and there are clear guidelines recommending 28 

limiting use of aggressive anticancer treatments for patients near end of life. The aim of this 29 

study is to investigate the association between anticancer treatment given during the last 30 30 

days of life and adverse events contributing to death and elucidate how adverse events can be 31 

used as a measure of quality and safety in end-of-life cancer care 32 

Methods: Retrospective cohort study of 247 deceased hospitalised cancer patients at three 33 

hospitals in Norway. The Global Trigger Tool method were used to identify adverse events. 34 

We used Poisson regression and binary logistic regression to compare adverse events and 35 

association with use of anticancer treatment given during the last 30 days of life. 36 

Results: 30 % of deceased hospitalised cancer patients received some kind of anticancer 37 

treatment during the last 30 days of life, mainly systemic anticancer treatment. These patients 38 

had 62 % more adverse events compared to patients not being treated last 30 days, 39 vs. 24 39 

adverse events per 1 000 patient days (p<0.001, OR 1.62 (1.23 – 2.15). They also had twice 40 

the odds of an adverse event contributing to death compared to patients without such 41 

treatment, 33 vs. 18 % (p=0.045, OR 1.85 (1.01 – 3.36)). Receiving follow up by specialist 42 

palliative care reduced the rate of AEs per 1 000 patient days in both groups by 29 % (p= 43 

0.02, IRR 0.71, CI 95% 0.53 – 0.96). 44 

Conclusions: Anticancer treatment given during the last 30 days of life is associated with a 45 

significantly increased rate of adverse events and related mortality. Patients receiving 46 

specialist palliative care had significantly fewer adverse events, supporting 47 

recommendations of early integration of palliative care in a patient safety perspective.  48 

 49 

Key words: Adverse event, end of life, palliative care, Global Trigger Tool, patient safety 50 
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Background 51 

Effectiveness and safety are essential elements of value-based cancer care that need to be 52 

considered when making decisions about treatment during the entire continuum of the disease 53 

[1–3]. Striking the right balance between the two is a major clinical challenge, especially 54 

when the disease progresses towards the end of life. At this stage discontinuing anticancer 55 

treatment is one of five recommendations to reduce unnecessary treatment and increase the 56 

value of healthcare for patients with advanced cancer [4, 5].   57 

 58 

Survival is of critical concern for cancer patients, but near the end of life the quality of care 59 

and how patients spend their remaining time is just as important [6, 7]. Nevertheless, up to 60 

one out of five cancer patients receives anticancer treatment during the last 30 days of life 61 

without clear benefit of prolonging survival. The treatment also exposes them to the risk of 62 

severe negative consequences such as increased toxicity and decreased quality of life [8–10]. 63 

A meta-analysis of the efficacy and safety of anticancer treatment compared to palliative care 64 

found no difference in overall survival and significantly more severe adverse events among 65 

patients receiving anticancer treatment during the last 30 days of life [11]. This emphasises 66 

the need not to focus just on survival, but also the need to assess symptoms, toxicities and 67 

complications of anticancer treatment by systematically measuring adverse events [12].   68 

 69 

Today, quality measures for end-of-life cancer care generally examine utilisation of 70 

healthcare services and use of systemic anticancer treatment, radiotherapy and specialist 71 

palliative care during the last month of life [13–15]. Although severe adverse events in cancer 72 

care are considered an important outcome measure with high clinical value, current 73 

measurements do not include adverse events as an indication of quality and safety in end-of-74 

life cancer care [16]. 75 
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  76 

Thus, the objectives of our study is to investigate the association between anticancer treatment 77 

given during the last 30 days of life and adverse events contributing to death and see if 78 

adverse events can be used as a measure of quality and safety in end-of-life cancer care.    79 

 80 

Methods 81 

Study design 82 

The study is a retrospective cohort study of deceased hospitalised cancer patients. We 83 

performed a standardised retrospective record review using the Global Trigger Tool (GTT) to 84 

identify adverse events contributing to death related to anticancer treatment given during the 85 

last 30 days of life.   86 

 87 

Setting 88 

The study was conducted at a public health trust in Northern Norway, providing healthcare to 89 

a population of 136 000 inhabitants. Nordland Hospital Trust has three somatic hospitals; one 90 

central teaching hospital and two smaller district general hospitals. Cancer patients are treated 91 

and hospitalised in all three hospitals, but only the central hospital has a separate oncology 92 

and haematology department providing ambulatory chemotherapy and palliative radiotherapy. 93 

All three hospitals has a specialist palliative care team providing both internal and ambulatory 94 

care to patients referred to them. None of the hospitals has a separate oncological inpatient 95 

unit. Accordingly, the primary care of hospitalised cancer patients is provided by other 96 

specialists (e.g. internist, surgeon and neurologist) depending on the origin of the cancer, who 97 

then consults an oncologist or palliative care if needed.  98 

 99 

 100 
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Study population 101 

The cohort includes all cancer patients with solid tumours and haematological malignancies, 102 

18 years or older who died in one of the three hospitals. Since there were no previous studies 103 

indicating incidence rates of adverse events contributing to death in this selected population 104 

we did a consecutive sampling of all cancer patients who died in the three hospitals between 105 

January 1st 2012 and December 31st 2013. Of the 737 deceased hospitalised patients, 16 106 

children under the age of 18 years were excluded. 247 (34 %) patients had cancer as primary 107 

or secondary diagnosis on discharge classified by the ICD-10 system. These cancer patients 108 

were divided into one group that had received any kind of anticancer treatment and a second 109 

group that had not received any anticancer treatment during the last 30 days of life.  From the 110 

electronic patient records we obtained baseline demographics such as age, gender, length of 111 

stay, hospital, department, primary and secondary diagnosis on discharge. We also reviewed 112 

the patient records for the type of cancer, presence of metastases, setting (diagnostic, curative 113 

or palliative), the last date of administration of parenteral or oral anticancer treatment 114 

(chemotherapy, targeted agents and immune therapy), the use of radiotherapy and cancer 115 

directed surgery, as well as the date for involvement of specialised palliative care. 116 

 117 

Retrospective review 118 

During six months in 2015, a team of two oncology nurses and one oncologist did a structured 119 

review of the patient records. The review was conducted according to the Norwegian version 120 

of the Institute of Healthcare Improvement GTT manual [17, 18]. The method is a two-stage 121 

process where the nurses independently review all records using triggers to identify adverse 122 

events. To the 48 general triggers, we added 21 specific oncology triggers developed by the 123 

1000 Lives Plus Campaign in Wales, UK [19]. The two nurses independently identified the 124 

presence, category and severity of the AEs, before they discussed their findings with the 125 
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oncologist and together reached consensus. To validate the results, two other physicians 126 

independently re-reviewed the records of adverse events contributing to death and 127 

confirmed/rejected the adverse event, severity and type of harm. 128 

 129 

Definition and classification of adverse events 130 

We defined an adverse event as: “Unintended physical injury resulting from or contributed to 131 

by medical care that requires additional monitoring, treatment or hospitalization, or that 132 

results in death” [18]. The severity of AEs was categorised according to the NCC MERP 133 

index [20]. Adverse events were recorded into six main categories: healthcare acquired 134 

infections, surgical complications, bleeding/thrombosis, medication harm, pressure ulcer and 135 

others. For medication-related adverse events, the generic name was documented.  136 

 137 

Statistical analysis 138 

We summarised the data using descriptive statistics and compared the groups using the Mann-139 

Whitney U test for non-parametric continuous variables, and the Chi square, Fisher`s exact or 140 

Linear-by-Linear test for categorical variables. There were no missing data. Incidence rates of 141 

adverse events, severities and categories of adverse events were compared using Poisson 142 

regression for generalised linear models. Binary logistic regression was used to analyse if 143 

adverse events were significantly associated with use of anticancer treatment during the last 144 

30 days of life. To reduce the probability of Type I errors (Bonferronis` correction) the 145 

number of variables included were limited to five. Building a model we first assessed which 146 

variables were a potential confounder, before we adjusted for length of stay, age, gender and 147 

primary malignancies. A p-value of <0.05 was considered significant. We used the statistical 148 

package IBM SPSS Statistics V.25.0 to analyse the data.  149 

 150 
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Results 151 

Patient characteristics 152 

Most patients had advanced cancer and were in a palliative care setting. Sixty percent of the 153 

patients received some kind of anticancer treatment, mainly systemic anticancer treatment. 154 

Patients receiving treatment during the last 30 days of life had a longer length of stay and 155 

were more often admitted to the central hospital. Patients with lung cancer, lymphoma and 156 

haematological malignancies were more likely to receive treatment during the last 30 days of 157 

life. Table 1 compare characteristics between patients receiving anticancer treatment during 158 

the last 30 days of life with patients not receiving such treatment.   159 
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Table 1 Characteristics 160 

Variable No anticancer treatment 

last 30 days n= 174 

Anticancer treatment 

given last 30 days n=73 

P valuea 

  n % n %   

Age (years) - median (min - max) 72 (18 - 93) 74 (40 - 91) NS 

Length of stay (days) - median (min - max) 8 (0 - 84) 12 (0 - 68) 0.03 

Gender  NS 

  Female 68 39 % 28 38 %   

  Male 106 61 % 45 62 %   

Hospital <0.01 

  District Hospital Lofoten 27 16 % 6 8 %   

  District Hospital Vesterålen 47 27 % 11 15 %   

  Central Hospital Bodø 100 57 % 56 77 %   

Department NS 

  Internal medicine 76 44 % 44 60 %   

  Surgery 91 52 % 25 34 %   

  Others 7 4 % 4 6 %   

Primary malignancy 0.02 

  Upper gastrointestinal 34 20 % 5 7 %   

  Colorectal 27 15 % 4 5 %   

  Lung 38 22 % 21 29 %   

  Breast 7 4 % 4 5 %   

  Gynecological 5 3 % 2 3 %   

  Urological 8 5 % 6 8 %   

  Male genitalia 11 6 % 4 5 %   

  Hematological and lymphoma 17 10 % 22 30 %   

  Unknown origin 15 8 % 2 3 %   

  Other b 12 7 % 3 4 %   

 Treatment intent <0.001 

  Palliative  135 78 % 67 92 %   

  Curable 2 1 % 3 4 %   

  Diagnostic 37 21 % 3 4 %   

  Anticancer treatment <0.001 

  Systemic treatment 64 37 % 52 71 %   

  Radiotherapy 5 3 % 14 19 %   

  Surgery 5 3 % 7 10 %   

  No treatment 100 57 % 0 0 %   

Specialist palliative care NS 

  >30 days before death 33 19 % 11 15 %   

  <30 days before death 32 18 % 14 19 %   

  Not involved 109 63 % 48 66 %   

a) The p value measures the difference between the two groups and was set to 0.05. NS not significant. 

b) The group consist of patients with cancer from head-neck, sarcoma, malignant melanoma, eye and CNS.  
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Treatment during the last 30 days of life 161 

Anticancer treatment of any kind was given to 30 percent of patients during the last 30 days 162 

of life. Treatment given during the last 30 days was mainly systemic anticancer treatment (21 163 

%). In addition, 8.5 percent of the patients received radiotherapy during the last 30 days of 164 

life, where of more than half during the last 10 days of life. Specialised palliative care was 165 

provided equally to both groups, 34 vs. 37 percent (Table 1). 166 

 167 

Adverse events 168 

Patients receiving anticancer treatment during the last 30 days of life had 46 percent more 169 

adverse events than patients not treated during the last 30 days of life, 82 vs. 56 adverse 170 

events per 1 000 patient days (p<0.01, RR 1.46, CI 95% 1.10 – 1.94). Patients receiving 171 

treatment during the last 30 days of life experienced both more temporary adverse events 172 

(severity E and F) and more severe adverse events contributing to death (severity I), 173 

(Figure1). Patients in both groups receiving specialist palliative care had significantly fewer 174 

adverse events than patients not referred to palliative care, 52 vs. 73 adverse events per 1 000 175 

patient days (RR 0.71, p= 0.02 CI 95% 0.53 – 0.96).  176 

 177 

Types of adverse event 178 

The most common types of adverse events were healthcare-acquired infections and 179 

medication related adverse events (Figure 2). There was no difference in the rate of 180 

healthcare-acquired infections between the groups. Patients receiving treatment during the last 181 

30 days of life had significantly higher rates of medication related adverse events, 21 vs. 9 182 

adverse events per 1 000 patient days (p<0.001, RR 2.35, CI 95 % 1.55 – 3.58). Twenty-four 183 

percent of patients receiving systemic anticancer treatment had an adverse event related to the 184 

treatment. Bleeding or thrombosis also occurred more often in patients receiving treatment 185 
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during the last 30 days, 5 vs. 2 adverse events per 1 000 patient days (p=0.003, RR 2.62, CI 186 

95 % 1.09 – 6.34). For more detailed description of types of adverse events se supplementary 187 

materials.  188 

 189 

Adverse events contributing to death 190 

An adverse event contributed to death in 22 percent of all deceased hospitalised cancer 191 

patients. Patients receiving anticancer treatment during the last 30 days of life experienced 192 

nearly double the rate of adverse events contributing to death compared to patients not being 193 

treated during the last month of life, 33 vs. 18 percent (p=0.045, adjusted OR 1.85, CI 95 % 194 

1.014 – 3.359). Adverse events contributing to death were mainly medication harms and 195 

healthcare acquired infections. Systemic anticancer treatment contributed to death in 11 196 

percent of patients receiving systemic anticancer treatment, all given during the last 30 days 197 

of life. For patients not receiving treatment during the last 30 days of life, healthcare acquired 198 

infections contributed to death for 58 percent of the patients. An adverse event contributed to 199 

death more commonly in patients with lymphoma and haematological malignancies, 27 vs. 13 200 

percent, (p=0.025, Sres 2.1). Radiotherapy did not contribute to the death of any patient.  201 

 202 

Discussion  203 

There are clear guidelines recommending limiting use of aggressive anticancer treatments for 204 

cancer patients near end of life [4, 12]. Still we found that one third of deceased hospitalised 205 

cancer patients received some kind of anticancer treatment during the last 30 days of their 206 

lives. Patients receiving anticancer treatment during the last 30 days of life also had an 207 

increased rate of adverse events compared to cancer patients not given treatment in this 208 

period. Most of the adverse events were temporary harms requiring medical intervention, 209 

often initiating or prolonging hospitalisation (severity E and F). Even less severe adverse 210 
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events can cause an extra burden of harm and reduce the quality of life during the limited 211 

remaining time, when many patients prefer to be at home with their families [6, 21].  212 

 213 

We found that one in five deceased hospitalised cancer patients had an adverse event 214 

contributing to death. This included all types of adverse events whether caused by systemic 215 

anticancer treatment, other medications or healthcare acquired infections. In a previous study 216 

we found that hospitalised cancer patients had an increased risk of adverse events in general 217 

compared to other hospitalised patients, and that they more often experienced adverse events 218 

related to medications [22].  219 

Our findings are higher than those of registry studies showing that 4 – 27 percent of cancer 220 

patients die as a complication of anticancer treatment, but these studies do not specifically 221 

investigate occurrence of adverse events [14, 15, 23]. We also found that patients receiving 222 

anticancer treatment during the last 30 days had twice the odds of having an adverse event 223 

contributing to death compared to patients without such treatment. Considering that an 224 

adverse event can often be one of many factors contributing to death, it could be that 225 

receiving treatment in the last 30 days of life adds yet another layer of treatment related 226 

adverse events with an increased risk of hastening death.  227 

 228 

Nearly one third of our deceased hospitalised cancer patients received some kind of 229 

anticancer treatment during the last 30 days of life, mainly systemic anticancer treatment. 230 

Similarly to other studies we found that patients receiving treatment during the last 30 days of 231 

life had a longer length of stay, were treated at larger hospitals and more often had lung 232 

cancer, lymphoma or haematological malignancies [24–28]. In other studies, the use of 233 

anticancer treatment during the last 30 days of life varied from 6 - 43 %, depending on 234 

country and patients included [29–31]. Our results are consistent with similar studies 235 
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including all types of malignancies [15, 32], but the rates are higher than in registry studies of 236 

solid tumours indicating that Norway has among the lowest (6-10 %) use of systemic 237 

anticancer treatment during the last 30 days of life in Europe [23, 29]. Thus comparison of the 238 

results can be problematic due to differences in study design and included population [13].  239 

 240 

Similar to other studies we find that medication harms and healthcare acquired infections 241 

were the most common adverse events [22, 33], but their occurrences differed between the 242 

groups. While healthcare acquired infections contributed to death of cancer patients in both 243 

groups, anticancer treatment related adverse events, contributing to death only occurred in 244 

patients who received such treatment during the last 30 days of life. Consequently, when 245 

measuring anticancer treatment related adverse events contributing to death we can be more 246 

pragmatic and limit the inclusion to deceased hospitalised patients treated during the last 30 247 

days of life.   248 

 249 

It is rarely straightforward to argue that anticancer treatment is the direct cause of death. Most 250 

likely, reduced functional status, malnutrition and immunosuppression amplify adverse events 251 

related to anticancer treatment and increase the negative impact on the patients` remaining 252 

lifetime [34]. Our study is not designed to investigate if these treatment-related adverse events 253 

affects survival, but nevertheless our results indicate that systemic anticancer treatment given 254 

during last 30 days of life can hasten the death of patients.  255 

 256 

The proportion of patients treated with radiotherapy during the last 30 days of life in our 257 

study, was similar to the results of other studies [23, 35]. While radiotherapy in contrast to 258 

systemic anticancer treatment did not contribute to any deaths in our study, it still must be 259 

considered of little benefit when given during the last 30 days of life. The benefit of 260 
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radiotherapy near end of life is questionable with only one out of four patients reporting 261 

symptom relief [36]. Patients receiving radiotherapy are also more often hospitalised and die 262 

in hospitals [23, 35]. Nearly half of our patients received radiotherapy during the last ten days 263 

of life, which must be considered futile and a misuse of the patients´ time and focus. 264 

Radiotherapy can provide needed palliation to patients with advanced cancer, but 265 

fractionation regimes should reflect life expectancy and sometimes it is better to provide 266 

palliative relief in other ways.  267 

 268 

Early referral to palliative care is associated with improved quality of life, fewer acute 269 

hospital admissions and less aggressive cancer treatment near the end of life [37–39]. Our 270 

findings indicate that patients receiving specialist palliative care had significantly fewer 271 

adverse events than patients not referred to palliative care. Symptom management is a 272 

key element of palliative care. Diagnosing and managing symptoms at an early stage can 273 

prevent them from developing into adverse events and thereby improve the patient 274 

safety for cancer patients. This supports recommendations of early integration also in a 275 

patient safety perspective. However, our study is not designed to determine if the reduction 276 

in adverse events is due to specialised palliative care or due to discontinuing of anticancer 277 

treatment.  278 

Even though palliative care should be an integrated part of oncology, patients are often first 279 

referred to palliative care when anticancer treatment ends [40]. Knowing the positive 280 

associations for the quality of life and safety benefits for cancer patients referred to 281 

palliative care, the low referral rate (35 %) of deceased cancer patients is worrisome. 282 

Availability of specialist palliative care are equal to all cancer types at our hospital and 283 

the palliative care teams has regular follow up with all departments. Nevertheless, the 284 

culture for referral may vary between specialties. One reason for the low referral to 285 
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palliative care could be the perception that palliative care is equal to end-of-life care.  286 

Since the study was conducted in 2012 – 2013 this perception has gradually changes 287 

and palliative care is increasingly actknowledged as an important part of good quality 288 

cancer care that should be integrated early in the course of disease [40].   289 

Other reasons for low referral rates could be resources allocated to palliative care and a 290 

healthcare system consisting of silos, not structures to support the integration of 291 

palliative care across all specialties and throughout the whole continuum of cancer care. 292 

In so means, early referral to palliative care itself can be regarded as a relevant clinical 293 

measure of quality in cancer care. 294 

 295 

Strength of our study is the completeness of the data. We have included all cancer patients 296 

who died during a two-year period at our hospitals. Norway has one of the highest rates of 297 

hospital deaths for cancer patients and cancer patients receiving treatment during the last 30 298 

days of their lives are often hospitalised and die in hospital [29, 32]. We therefore argue that 299 

our study population is representative of cancer patients cared for by a general hospital trust. 300 

But, given the considerable variations in oncology practice within and across countries, the 301 

generalizability of our finding can be debated [29]. The main limitation of our study is that it 302 

is from only one hospital trust in Norway.   303 

Known limitations of retrospective record reviewing such as information bias and subjective 304 

judgments may also apply to our study. Conscious of these limitations we have used a 305 

standardised review method (GTT method) with high sensitivity and specificity compared to 306 

other methods detecting adverse events [41]. To address limitations with the method of poor 307 

to moderate reliability, the review was conducted by a consistent and experienced oncology 308 

team [42–44]. In addition, we assessed the validity of our findings by having two physicians 309 

independently re-review and verify adverse events contributing to death. We found good 310 



15 
 

correlation between the reviewers, where the severity changed only once and type of adverse 311 

event changed twice. However, when studying the intensity and safety of end-of-life care a 312 

retrospective design has the advantage since we only know the exact period before death 313 

retrospectively. A retrospective design allows for easy identification of cohorts of relevant 314 

patients and avoidance of inclusion bias [45].  315 

 316 

Conclusion 317 

Anticancer treatment given during the last 30 days of life is associated with a significantly 318 

increased rate of adverse events with twice the odds of having an adverse event contributing 319 

to death. Patients receiving specialist palliative care had significantly fewer adverse 320 

events, supporting recommendations of early integration of palliative care in a patient 321 

safety perspective. Identifying these adverse events is clearly warranted to improve clinical 322 

practice and avoid overtreatment in end-of life cancer care. Doing so with a standardised 323 

review method on a limited number of deceased hospitalised cancer patients proved to be 324 

efficient, and can provide a pragmatic real time measure of quality and safety in end-of-life 325 

cancer care. 326 

 327 
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Fig. 1
Severity of adverse events per patient categorised according to the NCC MERP Index.
Comparing severity of adverse events between patient receiving or not receiving anticancer 
treatment during the last 30 days of life.
Category E: temporary harm that required intervention
Category F: temporary harm that required initial or prolonged hospitalisation
Category G: permanent patient harm
Category H: intervention required necessary to sustain life
Category I:  harm contributes to patient death



 

0

0,1

0,2

0,3

0,4

0,5

0,6

0,7

Healthcare
aquired

infections

Surgical
complications

Bleeding/
thrombosis

Medication harm Pressure ulcers Others

N
u

m
b

er
 o

f 
A

Es
 p

er
 p

at
ie

n
t

Fig. 2 
Treatment last 30 days

No treatment last 30 days

Fig. 2
Type of adverse events per patient
Comparing types of adverse events between patient receiving or not receiving anticancer 
treatment during the last 30 days of life.
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Sum Percent Sum Percent Sum Percent Sum Percent Sum Percent
Healthcare aquired infections 18 20.5 % 43 38.4 % 24 43.6% 6 25.0 % 18 58.1 %


Urinary tract infection 4 10 1 0 1
CVC infection 0 1 0 0 0
Ventilator associated pneumonia 0 0 0 0 0
Other infections 4 10 7 2 5
Lower respiratory infections 10 22 16 4 12


Surgical complications 5 5.7 % 8 7.1 % 2 3.6 % 0 0 % 2 6.5 %
Infection after surgery 0 1 0 0 0
Respiratory complications after surgery 1 0 0 0 0
Return to surgery 0 0 0 0 0
Injury, repair or removal of organ 1 4 1 0 1
Bleeding after surgery 1 1 0 0 0
Other operative complication 2 2 1 0 1
Switch in surgery 0 0 0 0 0


Bleeding/thrombosis 11 13.6 % 9 8.0 % 6 10.9 % 2 8.3 % 4 12.9 %
Thrombosis/Embolism 10 5 6 2 4
Bleeding 1 4 0 0 0


Medication harm 46 53.4 % 42 35.7 % 22 40.0 % 16 66.7 % 6 19.4 %
Systemic cancer treatment 20 7 13 13 0
Anticoagulants 1 3 4 2 2
Steroids 4 4 3 1 2
Overhydration 7 3 1 0 1
Opioids 8 12 0 0 0
Antibiotics 5 8 0 0 0
Anxolotica 1 2 0 0 0
Others 0 3 1 0 1


Pressure ulcers 4 4,5 % 11 9.8 % 0 0 % 0 0 % 0 0 %
Others 2 2.3 % 1 0.9 % 1 1.8 % 0 0 % 1 3.0 %


Patient fall/fracture 1 1 1 0 1
Allergy 0 0 0 0 0
Medical technical harm 0 0 0 0 0
Deterioration of cronic illness 0 0 0 0 0
Others 1 0 0 0 0


Total 86 114 55 24 31


Number of AE Number of AE contributing to death


Anticancer treatment 


given last 30 days       


n=73


No anticancer 


treatment given last 


30 days n=174


Total sample                      


n=247


Anticancer treatment 


given last 30 days       n=73


No anticancer 


treatment given last 30 


days n=174












Trigger Care module Triggers Trigger Medication Module Triggers


C1 Transfusion or use of blood products M1 Clostridium difficile positive stool


C2 Code/arrest/rapid response team M3 INR greater than 6


C3 Acute dialysis M4 Glucose less than 2.8 mmol/l


C4 Positive blood culture M5 Rising BUN or serum creatinine greater than 2 times baseline


C5 X-ray or Doppler studies for emboli or DVT M6 Vitamin K administration


C6 Decrease of greater than 25% in haemoglobin or haematocrit M7 Benadryl (Diphenhydramine) use


C7 Patient fall M8 Romazicon (Flumazenil) use


C8 Pressure ulcers M9 Naloxone (Narcan) use


C9 Readmission within 30 days M10 Anti-emetic use


C10 Restraint use M11 Over-sedation/hypotension


C11 Healthcare-associated infection M12 Abrupt medication stop


C12 In-hospital stroke M13 Other


C13 Transfer to higher level of care Intensive Care Module Triggers


C14 Any procedure complication I1 Pneumonia onset


C15 Other I2 Readmission to intensive care


Surgical Module Triggers I3 In-unit procedure


S1 Return to surgery I4 Intubation/re-intubation


S2 Change in procedure Perinatal Module Triggers


S3 Admission to intensive care post-op P1 Terbutaline use


S4 Intubation/re-intubation/BiPap in PACU P2 3rd- or 4th-degree lacerations


S5 X-ray intra-op or in PACU P3 Platelet count less than 50,000


S6 Intra-op or post-op death P4 Estimated blood loss > 500 ml (vaginal) or > 1,000 ml (C-section)


S7 Mechanical ventilation greater than 24 hours post-op P5 Specialty consult


S8 Intra-op epinephrine, norepinephrine, naloxone, or romazicon P6 Oxytocic agents


S9 Post-op troponin level greater than 40 ng/l P7 Instrumented delivery


S10 Injury, repair, or removal of organ because of accidental injury P8 General anaesthesia


S11 Change in anaesthesia procedure P9 APGAR score <7 after 5 minute


S12 Insertion of artery catheter or central venous catheter P10 Induced labour


S13 Surgery more than 6 hours Emergency Department Module Triggers


S14 Any operative complication E1 Readmission to ED within 48 hours


E2 Time in ED greater than 6 hours
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