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ABSTRACT   

The primary aim of the present thesis was to study how surgical quality can be 
measured in a single hospital, by creating and describing a simple and usable tool 
for registering outcomes data based on severity of complications.  

First, a systematic review of the subject was conducted. The evaluation of the 
articles revealed wide methodological heterogeneity in the classification and 
categorization of complications and data collection methods. Subsequently, a pilot 
hospital-wide surgical complication register was created and implemented in 
Satasairaala, Pori, Finland.  

Perioperative data related to all adult general and orthopedic surgery procedures 
for 3 years (2016–2018) were included in the study. Complications were recorded 
according to a modified Clavien–Dindo classification, and the preoperative risk 
factors were compiled based on the literature and coded as numerical measures. The 
overall complication rate in 4529 patients was 17.2% (95% confidence interval (CI) 
16.1–18.3), and 4.6% (95% CI 4.0–5.2) were graded as major complications. The 
results also showed that only a few patient-related risk factors were sufficient to 
account for the case mix. 

Further aims of this thesis were to study factors associated with patient education 
and patient perceptions on surgical quality, and their association with surgical 
complications. Adult patients undergoing surgical operations were studied by 
questionnaires in 2016–2017 in Satasairaala, Pori. The results indicate that the 
information needs of the patients vary individually. The level of received 
information by patient education and the patient perception on quality of care may 
have an association with reported surgical complications.   

KEYWORDS: surgery, quality improvement, health policy, health services 
management, performance measures, quality in healthcare, patient safety, human 
resource management, human factors, real-world effectiveness   
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TURUN YLIOPISTO   
Lääketieteellinen tiedekunta   
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IRA SAARINEN: Kirurgiset komplikaatiot. Sairaalakohtainen 
rekisteröintijärjestelmä sekä komplikaatioihin liittyvät tekijät. 
Väitöskirja, 146 s. 
Turun kliininen tohtoriohjelma 
Syyskuu 2023   

TIIVISTELMÄ 

Tämän tutkimuksen ensisijaisena kohteena on kirurgisten komplikaatioiden 
mittaaminen sairaalatasolla. Väitöskirjan tavoitteena oli luoda kaikki kirurgian alat 
kattava komplikaatioita mittaava rekisteri, joka hyödyntää olemassa olevaa 
sähköistä sairaskertomusjärjestelmää. Järjestelmällisen katsauksen avulla selvitettiin 
ensin tieteellisessä kirjallisuudessa julkaistut tutkimukset olemassa olevista 
vastaavista rekistereistä sekä ne potilaaseen ja kirurgiseen toimenpiteeseen liittyvät 
tekijät, joiden tiedetään olevan yhteydessä kirurgisiin komplikaatioihin. Järjestel-
mällinen kirjallisuuskatsaus osoitti, että tiedonkeruumenetelmissä ja kompli-
kaatioiden luokittelussa on maailmalla suurta vaihtelua.  

Satasairaalaan luotiin pilottihankkeena koko kirurgian klinikan laajuinen 
komplikaatiorekisteri, ja tässä väitöskirjassa esitellään tulokset kolmen vuoden ajalta 
(2016–2018). Komplikaatioita todettiin 17.2 %:lla (95 %CI 16.1–18.3) 4529 leika-
tusta potilaasta. Näistä 4.6 % (95 %CI 4.0–5.2) luokiteltiin vakaviksi. Tulosten 
mukaan potilaskohtaisen riskin määrittämiseen saattaa riittää muutama kliininen 
mittari.  

Lisäksi tässä väitöskirjassa tutkittiin, missä määrin potilaan informointi ja ohjaus 
sekä potilaan kokemus hoidon laadusta ovat yhteydessä komplikaatioiden 
esiintyvyyteen kotiutuksen jälkeen.  Tulosten mukaan potilaskohtaisen ohjauksen 
tarve vaihtelee yksilöllisesti, ja potilasohjauksella ja potilaan kokemalla laadulla 
saattaa olla yhteyttä leikkauksesta toipumiseen ja komplikaatioiden esiintymiseen. 

Tässä väitöskirjassa kuvataan koko aikuiskirurgian kattava komplikaatioita 
mittaava järjestelmä, sekä tuodaan esiin kirurgisen hoidon osa-alueita, joilla saattaa 
olla yhteyttä hoidon lopputulokseen, esimerkkeinä potilasohjaus ja potilaan kokema 
laatu.   

AVAINSANAT: kirurgia, laadun parantaminen, terveyspolitiikka, terveydenhuolto-
hallinto, dokumentointi, potilasturvallisuus, terveydenhuollon laatu, henkilöstö-
hallinto, inhimilliset tekijät, arkivaikuttavuus   
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1 Introduction 

The common sense notion [is] that every hospital should follow every patient it 
treats, long enough to determine whether or not the treatment has been successful, 
and then to inquire, If not, why not? 

- Ernest Codman, 1911 
 
 
 
Surgical quality is a heterogeneous concept, and there has been no consensus on how 
to evaluate the quality of surgical outcomes (Domenghino et al., 2023). Donabedian 
(1989) suggested that the concept of quality should be divided into three domains: 
outcome, structure, and process. This thesis concentrates on the domain of outcomes, 
which can be measured in several ways, for example, through functional gain or 
health benefit, patient satisfaction, economic gain, quality-of-life measurements, and 
complications or adverse event frequency (Martin et al., 2002). Surgical 
complications have been chosen as the outcome quality indicator for this thesis 
because they cause major economic and human burden (Birkmeyer et al., 2012; 
Dimick et al., 2004; Gawande et al., 1992; Stokes et al., 2022; Vonlanthen et al., 
2011). 

A central element of meaningful outcome reporting and comparison is the use of 
appropriate risk-adjustment techniques. This process helps account for variation in 
case mix across hospitals, since a hospital with a higher proportion of comorbid, 
complex patients would be expected to have a higher number of complications than 
a hospital with younger, less sick patients (Dimick et al., 2010). The expanding 
volume of data collection in surgery and medicine poses a substantial financial and 
administrative burden on clinicians (Wadhera et al., 2020), which is why the decision 
and studies on ‘what and how to register’ are fundamentally critical for valid data 
collection and quality assurance. This thesis concentrates on this issue by aiming for 
a simple surgical complication registering system with only a few patient-related risk 
factors. 

Data collection and management for outcomes and quality reporting have 
traditionally been done within electronic medical records (EMR) and clinical 
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registers. Written or dictated clinical notes in the EMR describe the patient’s 
condition but are the most challenging for computer analysis due to unstructured and 
heterogeneous data formats, typing and spelling errors, and violations of natural 
language grammar (Meystre et al., 2008). The main idea in the complication 
registering system described in this thesis was to use structured data in the form of 
numerical codes. 

Clinical registers are structured, rigid frameworks that have been developed 
during the past decades to detect and share outcomes within different areas of 
healthcare, for example, among surgical subspecialities. They are an important 
quality control tool and serve as a large dataset for register-based studies (Venermo 
et al., 2018). Today, big data in healthcare and medicine refers to various large and 
complex heterogeneous data that hold a promising resource for quality measurement 
but are difficult to analyze and manage with traditional software or hardware 
(Ristevski et al., 2018; Wang & Alexander, 2020; Yang et al., 2020). 

In recent years, there has been growing interest in patient-centered care, patient 
education, participation, and experience, and their relation to objective measures of 
quality of care (Doyle et al., 2013; Luxford, 2012; O’Hara et al., 2018). These 
measures are becoming increasingly important when assessing the quality of hospital 
organizations and treatment outcomes (Doyle et al., 2013; Luxford, 2012; O’Hara et 
al., 2018).  

Rationale for this Thesis 

Clinical knowledge, skills, and current scientific evidence are cornerstones for 
providing effective treatment for patients. However, to improve the effectiveness and 
value of treatment in ordinary practice, appropriate documentation of care at 
healthcare units is needed—we cannot improve what we cannot measure 
(Malmivaara, 2015). Adverse event reporting systems have been recommended by 
the Institute of Medicine (IOM) in the United States (US). Such systems are used 
extensively in the Aviation industry to identify potential safety hazards, but their use 
in medical care has been inconsistent (Mitchell et al., 2016). In Finland, outcome 
reporting is not required, and is only seldom done, mainly by individual physicians 
keeping record of their own operations. Local quality control tools, such as the 
complication register described in this thesis, can be considered a parallel system to 
the use of big data, representing agile solutions within the EMR. 

Although big data is considered a promising and essential future technology area, 
it withholds major challenges (Awrahman et al., 2022). An important issue in today’s 
world of data abundance and “noisy data” is to comprehend and classify which data 
and knowledge are important, valid, and valuable for describing and improving the 
quality of surgical care. Although artificial intelligence (AI) and machine learning 
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(ML) solutions have been developed, they are so far incapable of understanding and 
integrating relevant knowledge in specific domains (Chen & Decary, 2019). It is 
therefore equally important to maintain and improve such comprehension, which is 
also the purpose of this thesis.  

Despite the current excitement, investment, and studies on modern technical 
solutions, such as big data and AI, we cannot ignore the fact that all effect and value 
in healthcare is generated between the healthcare giver and the patient (Malmivaara 
2018, 2022). Recently, patient safety has been recognized to be strongly associated 
with contextual and human factors, with a lot to learn from other disciplines, such as 
aviation (Mathavara & Ramachandran, 2021; O’Logbon, 2020). In addition to 
technical treatment, surgical care comprises other elements, such as preoperative 
evaluation, patient education, and care on the ward. These elements of quality data 
involve the patient’s view, which was selected for this thesis in the form of studying 
patient education and patient experience on quality. 

The aim of this thesis was to study surgical quality in a single hospital by creating 
and describing a simple and usable ad hoc tool for registering outcome data based 
on the severity of complications. The basic principle of the monitoring system was 
to collect patient-related risk factors, process-related data, and treatment outcomes 
during clinical care in a simple and numerically coded fashion within the framework 
of preexisting electronic patient records and ready for data analysis. Assessing 
credible comparisons of competing care providers, accurate data collection of both 
negative and positive outcomes, preferably for all medical specialties in an 
institution, is needed. This thesis focuses on understanding the essential points of 
ever-expanding quality data and describes an idea for real-time outcome measuring 
that could be generated and expanded to other medical specialties with appropriate 
metrics and indicators.  

The first aim of the thesis was to systematically evaluate how hospital-wide 
surgical complication registering systems are reported in the literature. The second 
aim was to describe the setting up of a local cross-discipline surgical complication 
registry, and to study the detected complications with surgery- and patient-related 
factors. Other aims of this thesis were to evaluate the potential association between 
patient reported surgical complications 30 days after discharge and patient education 
and empowerment, and patient perceptions of the quality of care. 
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2 Review of the Literature 

2.1 History of Measuring Surgical Quality 
Ernest Codman (1869–1940) was a surgeon in Boston, and the first to introduce the 
idea of keeping track of patients and complications after treatment. He recorded 
diagnostic and treatment errors and linked these errors to outcomes—to make 
improvements and ‘to prevent similar failures in the future’. He recognized errors 
due to lack of knowledge or skill, surgical judgment, lack of care or equipment, lack 
of diagnostic skill, and “those accidents and complications over which we have no 
known control” (Neuhauser, 2002). Indeed, all poor patient outcomes are not a result 
of an error: complications in surgical care are strongly related to patient- and disease-
related factors. Codman’s work preceded contemporary approaches to quality 
monitoring and assurance, although complexity and ambiguity in healthcare 
objectives, decision making, and costs today hinder full application of his vision 
(Donabedian, 1989). 

2.1.1 Domains of Quality According to Donabedian 
Quality in healthcare is a very heterogeneous concept due to the many perspectives 
of care: individual (patient), population, payer, department, organization, nursing 
care, and doctor (surgeon). The result is always dependent on the metrics: what is 
being measured and how.  

Donabedian (1988) suggested that the concept of healthcare quality should be 
divided into three domains: structure, process, and outcome. He defined structure as 
the environment in which healthcare is provided, process as the method by which 
healthcare is provided, and outcome as the consequence of the healthcare provided. 
Structure measures reflect provider’s capacity and systems to provide high-quality 
care, for example, the number or proportion of board-certified physicians and the 
ratio of providers to patients (Agency for Healthcare Research and Quality, AHRQ). 
From a patient’s view, structural measures can focus, for example, on waiting times 
and continuity of care (IOM, 1990). Process measures constitute most healthcare 
quality measures used for public reporting. Healthcare processes comprise hospital 
admissions, discharge, billing, patient transfers to different facilities, patient flow, 
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etc. Lean and Six Sigma methodologies are efficiency measures developed in the 
manufacturing industry to increase productivity by eliminating non-value-added 
steps and have been widely introduced in healthcare over the past two decades 

(Joosten et al., 2009). The use of Lean and Six Sigma methodologies has been shown 
to increase operative department productivity (Cima et al., 2011). 

Outcomes can be measured in many ways, including functional gain or health 
benefit, patient satisfaction, economic gain and cost-effectiveness, quality-of-life 
measurements, and complications or adverse event frequency (Dimick et al., 2004; 
Gawande et al., 1992; Shah et al., 2020; Vonlanthen et al., 2011). Surgical 
complications cause a major economic and human burden, are somewhat avoidable, 
and can serve as an outcome quality and safety indicator. There is also evidence of 
a strong correlation between hospital complication rates and episode payments for 
surgical procedures (Dimick et al., 2004; Birkmeyer et al., 2012). Therefore, efforts 
aimed at improving surgical quality may ultimately reduce costs and improve 
outcomes. 

2.1.2 Expansion of Quality Measurement 
The IOM has defined quality as pertaining to healthcare as ‘the degree to which 
healthcare services for individuals and populations increase the likelihood of desired 
health outcomes and are consistent with current professional knowledge’ (IOM, 
2000). According to Donabedian (1966), “Many problems are present at the 
fundamental level of ´what quality of healthcare means´, for it is a remarkably 
difficult notion to define.” 

In 2000, the IOM published its work To Err is Human on preventable errors and 
patient harm within the US medical system (IOM, 2000). It calculated that human 
error in healthcare results in almost 100,000 deaths in the US annually, and the IOM 
proposed that healthcare practitioners must develop an explicit focus on providing 
care that is safe, effective, patient-centered, efficient, timely, and equitable (IOM, 
2000). 

In the US, every year, hospitals are ranked or rated by public and private 
organizations that aim to identify centers that provide high-quality healthcare (Hota 
et al., 2016). Although the reports are intended to help guide consumers in 
determining where to seek care, these ranking systems often yield conflicting 
information or, worse, misinformation for patients and their clinicians (Hota et al., 
2020). Despite the potential merits of public ranking systems, methodological 
limitations, especially due to risk adjustment, can result in misinformation for 
patients (Bae et al., 2020).  

Traditional outcome measures, such as morbidity and mortality statistics, are 
essential, but they tend to overlook the patient’s perspective on healthcare. This has 
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recently been recognized, and patient-centered measures are becoming increasingly 
important when assessing the quality of organizations and treatment outcomes 
(Luxford, 2012). Patient-reported outcome measures (PROMs) are standardized, 
validated questionnaires completed by patients to measure their perceptions of their 
own functional status and wellbeing. Patient-reported experience measures (PREMs) 
are questionnaires that measure patients’ perceptions of their experience while 
receiving care (Kingsley & Patel, 2017).  

The complexity and different viewpoints of the quality of healthcare, along with 
the expansion of medical data, have led to new problems: many measures may not 
be meaningful, and the administrative and financial burden placed on clinicians to 
report quality measures is substantial (Blumenthal et al., 2015; Casalino et al., 2016). 
In the US, after the IOM report in 1999, the Centers for Medicare & Medicaid 
Services (CMS) have invested more than one billion dollars in quality measure 
development (Wadhera et al., 2020). Over 2000 quality measures have been 
developed, of which one-third are in use, and even fewer are shown valid. Recently, 
it has been recognized that the expanding volume of data collection in surgery and 
medicine poses a substantial financial and administrative burden on clinicians 
(Wadhera et al., 2020). However, there is a promising future technology to solve 
these problems.  

2.1.3 Quality Measurement from Different Perspectives 
Increasing technological progress has initiated a digital transformation process in 
many sectors, including healthcare (Aarathi & Vasundra, 2019), which has led to the 
announcement of a new domain called big data. In information technology, the term 
“big data” is usually used to express enormous data that are too big and hard to deal 
with by the traditional database (Awrahman et al., 2022; Raja et al., 2020). The term 
artificial intelligence (AI) can be broadly defined as a computer program that can 
make intelligent decisions, analyze extensive healthcare data from different sources, 
reveal hidden knowledge, and identify risks (Awrahman et al., 2022; Dash et al., 
2019; Hong et al., 2019; Raja et al., 2020). In this regard, AI encompasses ML and 
natural language processing (NLP) and can present opportunities for healthcare 
delivery, management, and policy making (Choudhury & Asan, 2020) to improve 
patient safety outcomes, quality of care, and cost of care (Awrahman et al., 2022).  

The traditional EMR is confined to one healthcare practice, but the electronic 
health record contains a more complete record that is shareable between all providers 
involved in an individual’s healthcare (Gunter & Terry, 2005). EMR data can be 
unstructured (e.g., clinical notes) or structured (e.g., ICD-9 diagnosis codes, 
administrative data, chart, and medication) (Häyrinen et al., 2008), but due to 
digitalization, nowadays, it also includes phenomics, genomics, laboratory, or 
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radiology data (Wu et al., 2017). In addition to traditional EMR, information sources 
can include others, such as web /mobile applications, as patients are able to send 
their signs and symptoms directly to the provider/ specialists through these media 
(Awrahman et al., 2022; Panda et al., 2017). 

Importantly, the definition and measurement of quality needs representation for 
the patients’ benefit. In the US, the Agency for Healthcare Research and Quality 
(AHRQ) has defined healthcare quality as “the right care for the right patient at the 
right time” (Clancy, 2009; Henry et al., 2018). The American College of Surgeons 
(ACS) offers another description, focusing on greater access to care, fewer 
complications, and better outcomes (Henry et al., 2018; The American College of 
Surgeons). Measurement of healthcare institution performance is important for 
several stakeholders and reasons: the payers or external institutions, benchmarking, 
performance improvement, planning, and creating competitive strategies (Henry et 
al., 2018; Garvin et al., 1987). Institution-level quality improvement initiatives 
should concentrate on utility and simplicity in the era of staff shortages. 

2.2 Study Sources and Methods of Quality 
Measurement 

Complications and quality are being studied at various levels of the healthcare 
system. In addition to clinical measurement, administrative and claims data are the 
traditional ways of reflecting quality, often on a national level. Big data mining and 
AI are bringing new aspects to the area. Patient surveys have gained importance over 
the years. 

2.2.1 Administrative Data 
While providing and paying for care, organizations generate administrative data on 
the characteristics of the population and the use and charge of services. Common 
data elements include type of service, number of units (e.g., days of service), 
diagnosis and procedure codes for clinical services, location of service, and amount 
billed. Hospital and national administrative data provide general incidence 
information on perioperative mortality and morbidity (Reilly et al., 2020). 

Advantages of administrative data include electronic availability, inexpensive 
cost, availability for an entire population of patients and across payers and uniform 
coding systems. Some challenges of administrative data include inaccurate and 
nonspecific International Classification of Diseases (ICD) coding, and limited 
clinical information. Metrics, such as mortality, readmission, and length of hospital 
stay are most likely recorded accurately in administrative data—even more 
accurately than in a clinical registry (Lawson et al., 2015) —but using ICD-10 codes 
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to identify postoperative complications may underestimate the incidence of 
complications and morbidity (Reilly et al., 2020). 

2.2.2 Claims Data 
Claim data reflect the quality of a broad (often national or regional) spectrum of the 
healthcare system. According to studies that compare reporting between claims data 
and national/other registries, agreement on the data has been poor for patient-level 
complications (Lawson et al., 2012, 2015; Ohrn et al., 2011). Many patients who 
sustain a medical injury or complication after treatment do not sue. On the other 
hand, claims not involving errors have been reported to account for 13 to 16 percent 
of the system's total monetary costs; most of the claims not associated with injuries 
or errors do not result in compensation (Studdert et al., 2000). 

In Finland, patients are entitled to claim economic compensation from the Patient 
Insurance Centre (PIC) in Finland if they believe that they have sustained an injury 
because of their treatment. This national no-fault insurance system is unique to the 
Nordic countries (Norway, Denmark, Finland, and Sweden). Approximately 9,000 
claims are filed every year in Finland (with 5.5 million inhabitants), and 27% of 
these claims are for economic compensation due to patient injuries 
(Potilasvakuutuskeskus). The PIC also plays a role in preventing complications by 
making the data of the claims available for independent analysis and publication to 
inform healthcare workers (Antikainen et al., 2010).  

Patient-generated malpractice claims, as collected in the Nordic national 
malpractice insurance systems and adjusted for clinical volumes, have high validity, 
as assessed by standardized physician review (Pukk-Härenstam et al., 2009). They 
provide unique new information on malpractice risks, preventable medical errors, 
and patient injuries (Pukk-Härenstam et al., 2009). Linking medical malpractice 
claims’ data with clinical data from medical records can provide detailed information 
on error sequences that lead to adverse events (Studdert et al., 2006). An important 
study subject from claims data could be “index operations”—typical and common 
operations for each subspecialty—which carry a rather stable risk of surgical 
complications (i.e., cholecystectomy) (Antikainen et al., 2010). Surgical 
complications can be studied via such index operations to avoid inappropriate 
weighting of uncommon cases (outliers).  

2.2.3 Big Data and AI 
Historically, the healthcare industry has generated large amounts of data, driven by 
record keeping, regulatory requirements, and patient care (Raghupathi & 
Raghupathi, 2014). The digitalization of large quantities of data—big data—holds 
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the promise of supporting a wide range of medical and healthcare functions, 
including clinical decision support, disease surveillance, and population health 
management (Burghard, 2012; Fernandez, 2017). Big data can, for example, detect 
gaps in care that worsen health outcomes and cause more costs, or can be used for 
pharmaceutical data to obtain a better view (Awrahman et al., 2022). As a result of 
big data, there is the potential to improve patient outcomes, personalize care, 
improve relationships between the patient and the provider, manage and control 
processes, and decrease hospital costs (Awrahman et al., 2022). Big data, along with 
ML capabilities and AI-based analytics, can be used to make improvements in 
quality and cost of care by collecting data from everything related to patients 
(Awrahman et al., 2022). 

Although much excitement surrounds the use of AI and ML in healthcare, there 
are major challenges of implementing such tools in routine clinical practice, such as 
ensuring privacy, security, and ethics, as well as inadequate understanding of what a 
specific AI can or cannot do (Cohen & Mello, 2019; Jha & Topol, 2016; Stead, 
2018). ML identifies superficial patterns and complexes but lacks understanding of 
meanings and concepts; it identifies correlations but not causal relations; it lacks 
common sense reasoning and general intelligence, and it needs big data. ML models 
are as good as their training sets (Chen et al., 2020). 

2.2.4 Patient Surveys 
Medical research has traditionally concentrated on biological (i.e., pharmaceuticals) 
or physiological (such as surgery) treatments by randomized controlled studies 
(RCTs) or register-based randomized controlled studies when analyzing the 
effectiveness of an intervention. However, an intervention beholds not only the 
medical or physical treatment but also the interaction between the patient and 
caregivers. Information on the diagnosis and contributing factors needs to be 
conveyed appropriately to the patients, and they need to be advised and supported in 
their own efforts to ease symptoms and increase the probability of recovery 
(Malmivaara, 2018; Malmivaara, 2022).  

In recent years, there has been an increased focus on placing patients at the center 
of healthcare research to improve their experience (Batbataar et al., 2017). A patient-
reported outcome is directly reported by the patient without interpretation of the 
patient’s response by a clinician or anyone else. It refers to the patient’s health, 
quality of life, or functional status associated with healthcare or treatment (Weldring 
et al., 2013; Black et al., 2014). Patient-reported outcomes may be measured using 
standardized, validated questionnaires (patient-reported outcome measures or 
PROMs). PROMs can examine predominantly short-term measures, for example, 
quality of recovery or longer-term measures, aimed at evaluating the impact of 
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surgery on a longer term and overall health (Weldring et al., 2013). The outcome-
based definition of PROMs distinguishes them from questionnaires used to measure 
patients’ experiences of the care process. Patient-reported experience measures 
(PREMs) are tools that report patient satisfaction to capture the overall patient 
experience of healthcare (Almeida et al., 2015; Jenkinson et al., 2002). 

2.2.5 Clinical Quality Registries 

2.2.5.1 Single Specialty Registries 

Complications and other quality data have been monitored at various levels of the 
healthcare system. Traditionally, surgical specialties have taken responsibility for 
the research of operation techniques and treatment protocols within their own 
domains. Within single surgical specialties, diagnoses, or procedures, there are 
numerous examples of quality and complication registries, the earliest of which 
started in the field of trauma surgery. The first recorded systematic attempt to obtain 
and collect casualty and medical information was ordered by the Surgeon General of 
the US Army in 1818 (Love et al., 1973). Computerized trauma registries appeared 
nearly a century and a half later (Boyd et al., 1973) and were finally defined as an 
essential part of a hospital trauma system across the world (Aharonson et al., 2007; 
Boyd et al., 1973; SCANTEM, 2004). 

In the US, both the Department of Veterans Affairs and the Society of Thoracic 
Surgery Registry began their activities in clinical data registries, risk adjustment, 
performance measurement, and data-driven quality improvement on separate but 
parallel and similar tracks in 1986 (Hannan et al., 1994). In 1989, when the State 
Department of Health began collecting, analyzing, and disseminating information 
regarding the risk factors, mortality, and complications of coronary artery bypass 
graft (CABG) surgery, the Society of Thoracic Surgery Registry database was 
initiated. These new data stimulated specific quality improvement activities at 
hospitals throughout the US (Hannan et al., 1994; Winkley et al., 2015). The 
National Veterans Administration Surgical Quality Improvement Program (NSQIP) 
provides a reporting and managerial structure for continuous monitoring and 
enhancement of the quality of surgical care in the Veterans Health Administration 
(VHA), and the standardized platform is now expanded to many American private 
and public hospitals (The American College of Surgeons National Surgical Quality 
Improvement Program, ACS-NSQIP).  

In addition to randomized controlled trials (RCTs), real-world data (RWD) 
(Blonde et al., 2018) from clinical registries help in determining the natural history 
of a disease, assessing long-term outcomes and rare adverse events, determining 
trends in management, or examining guideline compliance (Beckmann et al., 2021). 
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During the past decades, single specialty quality and complication registers have 
developed, and there are now numerous examples of such registries within surgical 
specialties, diagnoses, or procedures (Beckmann et al., 2021; Lefering & Ruchholtz, 
2012;), including commercially produced clinical registers (bcbmedical.com).  

2.2.5.2 Nationwide and International Registries 

Nationwide registers have been implemented in some countries, with the leading 
example being Sweden (Ludvigsson et al., 2011). The Swedish National Inpatient 
Register (IPR), also called the Hospital Discharge Register, is part of the national 
patient register, and in 2011, more than 99% of all somatic (including surgery) and 
psychiatric hospital discharges were registered in the IPR (Ludvigsson et al., 2011). 
The IPR is now a principal source of data for numerous research projects: nationwide 
registries can offer a cost-effective means for registry randomized clinical trials 
(RRCT) that can provide information on real-effectiveness and real-cost-
effectiveness (Fröbert et al., 2013; Malmivaara et al., 2022). 

There has been a rise in international collaborative registers, such as the 
Scandinavian Obesity Surgery Registry (SOReg). Among vascular surgeons, the 
drive for an international registry has been ambitious and pioneering: the US has a 
history of vascular registers since 1975, and in the late 1980s and 1990s, population-
based national vascular registries have been established in several parts of Europe: 
in 1987 in Sweden, in 1989 in Denmark and Finland, and later in several other 
countries (Venermo et al., 2017). The VASCUNET collaboration has been an 
official working group bringing together 12 vascular surgery registries from Europe, 
Australia, and New Zealand and aiming to improve the quality of vascular surgery 
and patient safety using national clinical registries (Venermo et al., 2017; Behrendt 
et al., 2019).  

With the enforcement of the European Union (EU) General Data Protection 
Regulation (GDPR) in 2018, a data protection strategy—especially data privacy and 
security compliance—has become essential for any organization processing personal 
data in the EU (Hussein et al., 2021, Behrendt 2020). Thus, researchers and clinicians 
need to spend extra effort in understanding, implementing, and maintaining 
compliance with the GDPR organizational and technical requirements, that is, data 
encryption and anonymization, authorization, access control, and consent 
management (Mondschein & Monda, 2018). 

2.2.5.3 Institutional Registries 

The development of institutional registries that combine all surgical specialties has 
been challenging (Dindo et al., 2010). The ACS now uses a wide, standardized 
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platform called the National Surgical Quality Improvement Program (ACS-NSQIP), 
which was initially instituted by the Veterans Health Administration in response to 
the need for quality improvement (Khury et al., 1995, 2008). It creates reliable, valid 
information on patient presurgical risk factors, the process of care during surgery, 
and 30-day morbidity and mortality rates available for all major surgical procedures 
(Khuri et al., 1995). This system has produced a great amount of data for quality 
research.  

The ACS-NSQUIP has proved effective and reliable, but in today’s scarce 
resources, such a surgical platform is somewhat costly and laborious, with the 
requirement for extra dedicated staff. It seems reasonable that surgical units should 
record their results and monitor the frequency of adverse events and complications. 
Ideally, such monitoring systems would be real-time, contain patient-related risk 
factors, and encompass all surgical subspecialties (Bilimoria et al., 2009; Russell et 
al., 2003; Veltkamp et al., 2002). 

Articles on the institutional registration of surgical complications or quality data 
are scarce and seem to have gone distinct during the past decade. The shift in the 
literature seems to be toward large healthcare datasets, including ACS-NSQUIP and 
Medicare data. However, there are recent articles on mobile-based perioperative 
surgical complication reporting system applications in single hospitals (Li et al., 
2023; Rubin et al., 2019).  

2.3 Surgical Complications 
The worldwide volume of surgery is large: approximately 313 million surgical 
procedures are performed each year. Only 6% of them occur in the poorest countries, 
where over a third of the world's population lives (Vanderbilt Global Surgery). 
About half of the adverse events in all healthcare are related to surgery (de Vries et 
al., 2008, Gawande et al., 1999; Leape et al., 1991; Thomas et al., 2000). 

2.3.1 Terms and Definitions 
There is still no consensus on how surgical complications should be measured and 
reported, and universal definitions of the terminology of harmful outcomes are 
lacking (Murff et al., 2003). Various terms, such as complications, adverse events, 
medical or patient injuries, substandard care, or malpractice, are used; therefore, the 
data search and reliable comparisons between studies are difficult (Andrews et al., 
1997). Further, the timeframe varies in the literature: complications have been 
measured as in-hospital (occurring at the time of discharge), 30-day, or 90-day 
postoperative complications (Bosma et al., 2011; Lin et al., 2017; Veen et al., 2005; 
Veltkamp et al., 2002). 



Ira Saarinen 

 24 

An ‘adverse event’ in healthcare is generally defined as an unintended injury or 
complication that results in prolonged hospital stay, disability at the time of 
discharge or death, caused by healthcare management rather than the underlying 
disease itself (Bosma et al., 2011; Thomas et al., 2000). These events can be the 
result of errors, substandard care, known side effects, or unexpected complications 
that may not have been preventable. The consequences of adverse events for the 
patient vary from harmless inconvenience to permanent disability or even death 
(Brennan et al., 1991). An adverse event may be caused by an error or incident, but 
most errors or incidents do not cause adverse events. It has also been suggested that 
adverse events should be distinguished as complications (any deviation from the 
normal postoperative course), sequelae (inherent to the procedure and expected to 
occur, such as pain or scar formation), or failure to cure (diseases that remain 
unchanged after surgery or reoccur, for example, early recurrence of an inguinal 
hernia) (Dindo et al., 2010).  

Quality and safety research has demonstrated that errors causing adverse events 
result from failures on either the individual level (i.e., unsafe or inappropriate acts 
by staff in direct contact with the patient) or systemic level (conditions residing 
within the organization) (Wilson et al., 1999). The latter has been the primary focus 
of most recent initiatives aimed at improving the safety climate of medicine 
(Dankelman & Grimbergen, 2005). An adverse event or complication may not 
necessarily happen during the actual medical care or operation, as often considered, 
but during ward care. A frequent unwanted complication for a patient during 
hospitalization is pressure ulcer, the incidence of which continues to account for 4.5–
8.9% of hospitalized patients despite quality and education programs (Koivunen et 
al., 2018; Lyder et al., 2012). 

2.3.2 Surgical Complication Frequency 
The incidence of surgery-related major or severe complications in industrialized 
countries has been reported to vary between 3% and 17% (Gawande et al., 1999; 
Treadwell et al., 2014). However, due to the heterogeneity of adverse event 
terminology and reporting, the true incidence data of all adverse events are difficult 
to ascertain (Wanzel et al., 2000). Further, surgical complication rates have a wide 
global variation: surgical morbidity and mortality are dependent on the quality of the 
healthcare system and the economic status of the country in question (Semel et al., 
2012; Weiser et al., 2008). A substantial proportion (30%) of surgical complications 
and deaths occur after hospital discharge (Bilimoria et al., 2010). 
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2.3.3 Surgical Complication Measurement and Grading 
A standardized method for the classification of surgical complications was proposed 
by Clavien et al. (1992), which was known as the Clavien classification of surgical 
complications. In 2004, Clavien and his colleague Dindo revised the basic model to 
be named the “Clavien–Dindo Classification” (Dindo et al., 2004). The authors 
studied and provided evidence of five years of experience in the proposed 
classification (Clavien et al., 2009).  

There has been a new modification to the original Clavien–Dindo Classification 
system, the Comprehensive Complication Index (CCI) (Slankamenac et al., 2013). 
For CCI, the authors focused on the criteria that the Clavien–Dindo classification 
system graded as the single most severe complication that occurred in the patient, 
thus ignoring the less severe events. This failed to represent the true overall 
postoperative morbidity, and a mathematical formula was developed for the CCI 
(Manekk et al., 2022; Slankamenac et al., 2013). However, the original Clavien–
Dindo classification has been applied to most fields of surgery, has been widely 
utilized, and is less complicated than CCI. 

There is currently no agreement as to when outcomes should be captured; 
historically, surgical complications have been collected by discharge or 30-day data 
only (Domenghino et al., 2023; Lawson et al., 2012). A recent consensus suggests 
the outcomes should be measured at 5 time points from before the operation until 5 
years postoperatively (Domenghino et al., 2023). 

2.3.4 Factors Associated with Surgical Complications 

2.3.4.1 Patient-Related Risk Factors – “Case Mix” 

Surgical complications are strongly related to patient-specific factors, and 
socioeconomic factors have been identified as having a major effect on patient health 
and outcomes. Patterns of socioeconomic deprivation, race, and ethnicity vary 
markedly by region, and individuals in some regions are more likely to experience 
serious chronic illnesses (e.g., obesity, diabetes, cardiovascular disease, and cancer) 
and higher rates of postoperative complications than patients in other regions (Bae 
et al., 2020; Stringhini et al., 2017). Therefore, for benchmarking purposes, it is 
essential to consider the case mix. 

The objective patient-related demographic variables in surgery are age and sex. 
Although age has been considered a primary predictor of surgical outcomes, 
preoperative functional status has been suggested as a better surrogate for 
postoperative risk (Malani et al., 2009). Perioperative malnutrition is also a known 
independent predictor of postoperative mortality and morbidity (Correia et al., 2002).  
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Many single comorbidities or symptoms are described as surgical risk factors, 
such as cancer, congestive heart failure, ascites, and chronic pulmonary disease 
(Daley et al., 1997; Khuri et al., 1997;). They are presented in diagnostic medical 
measures, such as electrocardiograms, lab tests albumin, blood urea nitrogen, and 
alkaline phosphatase, which serve as predictive risk factors (Best et al., 2002). The 
American Society of Anesthesiologists Physical Status Classification System (ASA 
class) has long been used to describe anesthesia-related risks (Saklad, 1941; Sankar 
et al., 2014) and constantly updated (Mayhew et al., 2019; Hurwitz et al., 2017) 
(Table 1).  

Table 1.  Current definitions and ASA-approved examples. 

ASA Classfication Definition Examples 

ASA I A normal healthy patient Healthy, non-smoking, no or minimal alcohol 
use 

ASA II A patient with mild 
systemic disease 

Mild diseases only without functional 
limitations. Current smoker, social alcohol 
drinker, pregnancy*, obesity (30 >BMI <40), 
well-controlled DM/HTN, mild lung disease 

ASA III A patient with severe 
systemic disease 

Substantive functional limitations; One or more 
moderate to severe diseases. Poorly controlled 
DM or HTN, COPD, morbid obesity (BMI ≥40), 
active hepatitis, alcohol dependence or abuse, 
implanted pacemaker, moderate reduction of 
ejection fraction, ESRD undergoing regularly 
scheduled dialysis, history (>3 months) of MI, 
CVA, TIA, or CAD/stents.  

ASA IV A patient with severe 
systemic disease that is 
a constant treat to life 

Recent (<3 months) MI, CVA, TIA or 
CAD/stents, ongoing cardiac ischemia or 
severe valve dysfunction, severe reduction of 
ejection fraction, shock, sepsis, DIC or ESRD 
not undergoing regularly scheduled dialysis 

ASA V A moribund patient who 
is not expected to 
survive without the 
operation 

Ruptured abdominal / thoracic aneurysm, 
massive trauma, intracranial bleed with mass 
effect 

ASA VI A declared brain-dead 
patient whose organs 
are being removed for 
donor purposes 

 

* Although pregnancy is not a disease, the parturient’s physiologic state is significantly altered from 
when the woman is not pregnant, hence the assignment of ASA II for a woman with uncomplicated 
pregnancy. DM, diabetes mellitus; HTN, high blood pressure (hypertension); COPD, chronic 
obstructive pulmonary disease; ESRD, end-stage renal disease; MI, myocardial infarction; CVA, 
cerebrovascular accident; TIA, transient ischemic attack; CAD, coronary artery disease; DIC, 
disseminated intravascular coagulation. 



Review of the Literature 

 27 

In addition to ASA grade, there are several indexes to measure comorbidities and 
general health status, that is, the Charlson Comorbidity Index (Charlson et al., 1987), 
and electronic FRAILTY index (Lin et al., 2018). Special risk scores for surgery 
have also been designed, for example, the Physiological and Operative Severity 
Score for the numeration of Mortality and morbidity (POSSUM) (Copeland et al., 
2002), the Surgical Risk Scale (SRS) (Sutton et al., 2002) and Surgical Outcomes 
Risk Tool (SORT) (Oakland et al., 2021). These tools also consider the operation-
related risk factors. 

2.3.4.2 Surgery-related Risk Factors 

Patients undergoing surgery are prone to both surgical and anesthesia-related 
complications. For low-risk patients (ASA scores I and II), anesthesia accounts for 
about 30% of deaths and serious complications during surgery (Schiff et al., 2014).  

Operation-related factors refer to the classification of operation complexity or 
subspecialty and whether the operation is performed as planned (elective) or 
emergency. Emergency/urgent operations carry a strong risk factor (Wanzel et al., 
2000). The strongest operation-related risk factors include contaminated wounds, 
length of the operation/operative severity/multiple procedures, total blood loss, and 
presence of malignancy (Pillai et al., 1999; Prytherch et al., 1998). 

2.3.4.3 Human Factors in the Surgical Care Process 

Patient safety and surgical complications have traditionally been approached as 
matters of a surgeon’s individual technical performance. However, in the operating 
theatre, five domains of intraoperative performance have been defined as affecting 
the surgeon’s performance: declarative knowledge, personal resourcefulness, 
interpersonal skills, psychomotor skills, and cognitive skills (Madani et al., 2017). 
The interdisciplinary research field of human factors (also known as ergonomics) 
brings together knowledge from psychology, such as human cognition, behavior, 
motivations, and physical abilities or limitations, and engineering, that is, the design 
of technology, systems, and environments (Carayon et al., 2012). The principles of 
human factors have been much studied in aviation (Mathavara & Ramachandran, 
2022) and could also be used to improve healthcare quality and patient safety 
(Holden et al., 2013). On the surgical ward, risk assessment for escalation of care 
has identified communication problems, understaffing, and hierarchical barriers as 
the root causes of failure (Johnston et al., 2015). Human factors intervention on a 
surgical ward showed improvement in teamwork, supervision, and safety practices 
(Johnston et al., 2018). 
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2.3.4.3.1 Patient education and postoperative recovery 

Since more than 30% of postoperative complications occur at home within 30 days 
after hospital discharge (Bilimoria et al., 2010; Wanzel et al., 2000), sufficient 
patient empowerment and education is essential. The trend to shorten hospital stays, 
and utilization of ambulatory surgery has required a shift to better preoperative 
patient education and preparedness of patients as well as good coordination between 
the patient and the healthcare system (Berg et al., 2013; Bowyer et al., 2016). 
Preoperative education and counseling have been associated with reduced rates of 
perioperative complications and levels of anxiety (Zhang et al., 2012). Sufficient 
staff resources, well-organized system processes and a good attitude of the staff are 
necessary prerequisites for successful patient education (Ha et al., 2010; Aiken et al., 
2012). According to previous studies (Pelt et al., 2018), successful patient education 
can reduce pain and hospital stay, and decrease readmissions, reoperations, and 
patient discharges to post-acute care centers. 

2.3.4.3.2 Patient experience in recovery 

The provision of good information and emotional support have been associated with 
better recovery from surgery and heart attacks (Doyle et al., 2013; Mumford et al., 
1982). Healthcare staff empathy, non-technical skills (NTS), and communication 
skills have been associated with a high perception of quality and with better 
treatment outcomes (Cheng et al., 2003; O’Hara et al., 2018). Positive associations 
between patient experience and self-rated and objectively measured health outcomes 
have been reported: adherence to recommended clinical practice and medication, 
preventive care, such as health-promoting behavior, and resource use, such as 
hospitalization, length of stay, and primary-care visits (Doyle et al., 2013). The 
Royal Society for Physicians and Surgeons of Canada has since the 1990s used a 
competence framework, CanMeds, which assesses the competence of all healthcare 
staff, related to communication, co-operation, management, health advocacy, 
scientific skills, and professionalism, including relevant ethical issues (Turner et al., 
2012). 

2.3.5 Costs of Surgical Complications 
Surgical complications have a dramatic impact on full in-hospital costs (Vonlanthen 
et al., 2011; Birkmeyer et al., 2012). In view of the rising cost of healthcare, 
policymakers and stakeholders have begun to seek value in the quality of care while 
controlling costs (Shah et al., 2020). The occurrence of any complication was 
reported to result in a 1.5-fold mean increase in direct hospital cost in a large 
American database study, where the top 4 most costly complications (septic shock, 
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renal insufficiency/failure, any respiratory complication, and myocardial 
infarction/cardiac arrest) resulted in a 3–4-fold mean increase in costs (Stokes et al., 
2022).  

In Finland, according to the PIC report from 2022, malpractice claims are most 
often related to operation- or anesthesia-related interventions (Potilasvakuutus-
keskus). In 2022, 773 injuries were granted for reimbursement in Finland. Out of the 
773 injuries, there were 164 interventions outside the fields of general surgery and 
orthopedics (dental, gynecological, ophthalmological, and otorhinolaryngological 
operations). Of the remaining 609 operations, 347 were orthopedic or traumatology 
operations, covering over half of the reimbursed operations within the surgical field. 
In 2022, the amount of reimbursement was over 41.0 million euros, of which almost 
half (48%) were due to compensation for loss of income (Potilasvakuutuskeskus). 

2.4 Institutional Register Design and Rationale 

2.4.1 Data Collection and Management 
The process of how and by whom surgical complications should be registered is an 
unresolved matter. A surgeon reporting his or her own surgical complications might 
carry a risk for bias and underreporting: Physician participation in adverse event 
reporting has been suggested to be only 5% to 10% using a formal adverse event 
reporting system (Cullen et al., 1995). Dindo et al. (2010) reported that surgical 
residents recorded outcomes poorly and unreliably, and concluded (along with 
several other studies) that surgical outcomes should be evaluated by dedicated 
personnel (see also Russell et al., 2003). An example of such a system is the ACS-
NSQIP (Khuri et al., 1995; 2008). 

Surgical complications are typically registered at discharge or at 30 days 
postoperatively. In-hospital complications are easy to register at discharge, but to 
assess 30-day complications, a mobile device, outpatient visit, telephone call, or 
patient survey should be performed. The simplest way to store data would be using the 
existing electronic care records instead of, for example, an extra commercial software 
product (https://bcbmedical.com/). Ideally, the data would be stored in a dedicated 
locus of the electronic patient record in a numerically coded format that could be 
directly extracted for subsequent analyses and monthly reports with no extra cost. 

2.4.2 Register Contents 
When assessing quality in healthcare, at least robust risk adjustment is needed, since 
socioeconomic factors have a major effect on patient health (Anderson et al., 2012; 
Wadhera et al., 2020). Regional heterogeneity should also be recognized within 
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benchmarking purposes: patterns of socioeconomic deprivation, race, and ethnicity 
vary markedly by region, and individuals in some regions are more likely than those 
in other regions to experience serious chronic illnesses (e.g., obesity, diabetes, 
cardiovascular disease, and cancer), higher rates of associated complications, and 
lower life expectancy (Bae et al., 2020). However, previous studies have 
demonstrated that only a few preoperative risk variables may be needed for risk 
adjustment at the hospital level (Anderson et al., 2012; Anderson et al., 2014; Dimick 
et al., 2010). Reducing the register parameters to a minimum while still covering the 
case mix would cut down the staff workload and system costs. To further decrease 
the costs, patient-related risk factors could be collected and measured based only on 
patients’ general status and comorbidities, since diagnostic medical measures have 
not shown any incremental value for the risk prediction (Tsiouris et al., 2013). 

To assess complications, it seems essential that the severity of the complication 
has been considered. The Clavien–Dindo system was introduced in 2004 and was 
based on the severity of the complication and the type of therapy required to treat the 
complication (Dindo et al., 2004). The rationale was to eliminate subjective 
interpretation of serious adverse events and any tendency to downgrade 
complications because it is based on data that are usually well documented and easily 
verified (Clavien et al., 2009). It is now widely used and accepted in many fields of 
surgery (Mentula et al., 2014). 

2.4.3 Use of a Clinical Quality Register (CQR) 
Clinical quality registers are established with the purpose of monitoring quality of 
care, providing feedback, benchmarking performance, describing pattern of 
treatment, reducing variation, and as a tool for conducting research. Despite the large 
number of published articles using data derived from CQRs, few have evaluated the 
impact of the registry as an intervention on improving health outcomes; however, 
those that have evaluated this impact have mostly found a positive impact on 
healthcare processes and outcomes (Hoque et al., 2017).  

A clinical hospital-wide registry might provide a tool for quality improvement 
beyond single disease- or intervention-specific registries since it captures all patients 
across all surgical specialties. 
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3 Aims 

The main aim of this thesis was to evaluate how surgical complications can be 
measured and reported in a hospital-wide register. The first aim was to study whether 
such registers are reported in the literature through a systematic review. The second 
aim was to create, establish, and report a hospital-wide multispecialty complication 
register, and the third aim was to determine which patient- and surgery-related 
factors are most associated with surgical complications. 

The subsequent aims of this thesis were to evaluate patient education and 
perceived information and patient perceptions of treatment quality in relation to 
surgical complications. 

Research Questions 

The following research questions guided the studies in this thesis: 

1. What are the standard definitions and grading systems for surgical 
complications? Are there prospective or on-line local hospital-wide 
complication registering systems reported in the literature? Is there 
consensus on their standard definitions, methodology, and data contents? 

2. Can a hospital-wide surgical complication monitoring system produce 
valid numerical data for monitoring risk-adjusted surgical quality? How 
many and which patient-related risk factors may be sufficient to account 
for the case mix?  

3. Do patients differ in terms of preoperative expectations and information 
needs? Do patient education and the level of perceived information have 
an influence on a patient’s recovery from surgery and surgical 
complications? 

4. Does patient-evaluated quality of care have an association with reported 
postoperative complications? Do patient-related factors have an influence 
on the patient-evaluated quality of quality of care? 
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4 Materials and Methods 

4.1 Study Settings 
This academic thesis is based on four separate studies: Study I, a systematic review; 
Study II, a descriptive cohort study; Study III, a comparative descriptive study; and 
Study IV, a correlation cross-sectional study. 

4.1.1 Study I 
Study I was a systematic review of hospital-wide multispecialty registers, and the 
PRISMA statement (Liberati et al., 2009) was used as a guideline. Studies describing 
surgical monitoring systems that aimed to identify and record surgery-related 
complications within different surgical specialties at single institutions were 
included. Studies that evaluated registries for a single surgical specialty or indication 
were excluded. Surgical records of pediatric patients and reports that did not comply 
with the PICO criteria (Patients = surgical patients in a hospital, Intervention = 
complication registering, Comparator = new registering system vs. the old, and 
Outcome = complication frequency) were not included. 

4.1.2 Study II 
Study II was a descriptive study on building a simple and cost-effective surgical 
cross-disciplinary complication registering system that would catch in-hospital 
complications during clinical care in a tertiary referral center related to all general 
and orthopedic surgery procedures, with the exclusion of ambulatory and pediatric 
surgery. As a simultaneous cohort study, the complication rate was assessed 
according to the severity of the complication using a modified Clavien–Dindo 
classification (Clavien et al., 2009; Dindo et al., 2004;). In addition, a minimal set of 
preoperative risk factors, according to the literature, was recorded. The register was 
set up in a tertiary central hospital in Western Finland in January 2016, and the cohort 
included complications graded on non-ambulatory surgical operations performed in 
2016–2018. The contents of the register are shown in Table 2. 
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Table 2.  The Contents of the Surgical Complication Register. 

VARIABLE_NAME FINNISH DESCRIPTION 

ANE_ALCOHOL Alkohonlinkäyttö Ei koskaan = 0, Kerran kuussa tai harvemmin = 
1, 2–4 kertaa kuussa = 2, 2–3 kertaa viikossa = 
3, 4 kertaa viikossa tai useammmin = 4, Tieto 
puuttuu = -1 

ANE_SMOKING Tupakointi Ei = Ei (0), Lopettanut vuonna = Lopettanut (1), 
Kpl/vrk = Tupakoi (2), Tieto puuttuu = -1, 
Tupakointi vuodet -> ei merkitä 

ANE_CHARLSON Charlson-indeksi 0-30 

ANE_BMI BMI Tieto puuttuu = -1 

ANE_MET Kliininen suoritus-
kyky (MET) 

Lepo/vuodepotilas = 1, Liikkuu autettuna = 2, 
Liikkuu sisätiloissa, omatoiminen = 3, Kevyt 
fyysinen aktiivisuus = 4, Kohtalainen fyysinen 
aktiivisuus = 5, Reipas fyysinen aktiivisuus = 6, 
Tieto puuttuu = -1 

ANE_NRS_2002 Vajaaravitsemus-
riski (NRS-2002) 

0 Ei ravitsemusriskiä= 0, 1–2 Lievä 
ravitsemusriski = 1, 3–4 Kohtalainen 
ravitsemusriski = 2, >4 Vakava ravitsemusriski = 3, 
Tieto puuttuu = -1 

ANE_CLAVIEN_DINDO Clavien–Dindo Normaali toipuminen = 0, Mikä tahansa 
poikkeama normaalista toipumisesta = 1, 
Komplikaatio, joka vaatii lääkehoitoa (poislukien 
kipulääkkeet, antiemeetit, diureetit, elektrolyytit) 
= 2, Komplikaatio joka vaatii kirurgisen, 
endoskooppisen tai radiologisen intervention = 3, 
Komplikaatio joka vaatii yleisanestesiassa 
tehtävän kirurgisen, endoskooppisen tai 
radiologisen intervention = 4, Henkeä uhkaava 
komplikaatio, joka vaatii 
tehovalvontaa/tehohoitoa. Aivotapahtuma, muu 
kuin TIA + elinvaurio (mukaan lukien dialyysi) = 
5, Henkeä uhkaava komplikaatio, joka vaatii 
tehovalvontaa/tehohoitoa. Aivotapahtuma, muu 
kuin TIA + monielinvaurio = 6, Kuolema = 7, 
Potilas kärsii komplikaatiosta kotiuttaessa = 8, 
Muu (esim. Väärin annetut lääkkeet, leikkauksen 
siirtyminen/peruuntuminen) = 9, Tieto puuttuu = -1 

4.1.3 Study III and Study IV 
The study population in Studies III and IV was the same: it consisted of adult patients 
undergoing surgery and surgical ward care at a central hospital in Southwestern 
Finland between 18 April 2016 and 31 January 2017, with the exclusion of the 
vacation period (21 June 2016, to 14 August 2016). The central hospital serves a 
population of 230,000, with approximately 10,000 operations performed yearly. 
Within the three participating units, approximately 1,600 elective operations were 
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performed during the study period. Ambulatory and memory disorder patients were 
excluded from Study III. In Study IV, emergency patients were also included. 

Study III was a comparative descriptive study on patient education and 
information needs and their association with complications. Study IV was a 
correlation cross-sectional study on patient-evaluated quality of care, combined with 
a phone call interview at 30 days postoperatively to examine complications. 

4.2 Data Collection and Methods 

4.2.1 Systematic Review (Study I) 

4.2.1.1 Literature Search and Study Selection 

Four medical bibliographical databases for published literature were searched 
systematically: Ovid MEDLINE® In-Process and other non-indexed citations and 
Ovid MEDLINE® from 1946 to 19 February 2015; EBM Reviews – Cochrane 
Database of Systematic Reviews between 2005 and January 2015 (OVID); PubMed 
(only ahead-of-print articles to February 2015); and Web of Science – Core 
Collection to February 2015 (Core Collection, Indexes = SCI-EXPANDED, SSCI). 
Searches consisted of three search aspects, each including both Medical Subject 
Headings (MeSH) terms and text words: search terms related to surgical 
complications; search terms related to hospital information systems, registries, 
databases, and records; and search terms related to risk adjustment and risk 
assessment, quality, safety, and economic aspects (Figure 1). 

Records were retrieved through electronic databases. Eligible studies included 
original data in English on surgical, multidisciplinary (surgical subspecialties), 
prospective monitoring systems to identify, record, and monitor surgery-related 
complications using validated outcome measures and well-described system 
protocols and parameters. The remaining studies were discussed by all three 
reviewers and retained if they were single-hospital, prospective complication 
registries covering all surgical specialties. 



Materials and Methods 

 35 

 Fi
gu

re
 1

.  
Li

te
ra

tu
re

 s
ea

rc
h 

st
ra

te
gy

. 



Ira Saarinen 

 36 

 
Figure 2.  PRISMA Flow Diagram. 

4.2.1.2 Data Extraction 

The following data were extracted from the registries and categorized: country, 
hospital type, duration of follow-up, standard definitions, a denominator from which 
incidence rates were calculated, inclusion of risk factors, number of patients, study 
design, output, and feedback, coverage, data monitoring, data processing, and 
findings (Table 7 in Results). 
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4.2.1.3 Data Synthesis 

Based on the heterogeneity of the articles, meta-analysis was not applicable, and the 
qualitative evidence was synthesized. 

4.2.1.4 Risk of Bias Assessment 

As all the studies were observational, a recently presented method for assessing the 
risk of bias was used (Malmivaara, 2015; Malmivaara, 2016). The 10 main 
methodological issues and descriptions of how to assess whether these issues possess 
a risk of bias are shown in Table 3.  

Table 3.  Assessment of Validity of the Surgical Clinical Complication Registry Studies. 

 Veltkamp et 
al, 2002 the 
Netherlands 

Veen et al, 
2005, the 

Netherlands 

Bilimoria 
et al, 2009, 

USA 

Daley, 
Khuri et al, 
1995, USA 

Rebasa et 
al, 2008, 

Spain 

1. Power calculated 
(differences indicated) N/A N/A N/A N/A N/A 

2. Selection of patients 
described* Partially No No Partially Partially 

3. Valid and sufficient 
documentation of 
baseline characteristics 

Yes No No Yes No 

4. Baseline 
comparability acceptable N/A N/A N/A N/A N/A 

5. Sufficient 
documentation of 
surgical procedures 

Yes Yes No Yes No 

6. Valid and sufficient 
documentation of 
outcomes 

Yes Yes Yes Yes Yes 

7. Dropout rate 
acceptable Yes No Not 

reported No No 

8. System-related 
features documented** Yes Yes Partially Partially Yes 

9. Documentation of 
staff competence*** No No No No No 

10. Appropriate 
statistical analyses and 
risk adjustments 

Yes No 
(no risk-

adjustment) 

No 
(no risk-

adjustment) 
Yes 

No 
(no risk-

adjustment) 
Total validity points (0–
10) 6 4 2 7 3 

*Yes, if described or covers the whole catchment area. **Checklists, quality improvement systems, 
resources, volume, etc. ***Description of experience, etc. n.a., not applicable; n.r., not reported 
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4.2.2 Creating a Cross-Disciplinary Surgical Complication 
Registry (Study II) 

4.2.2.1 Register Design and Data Collection 

In Study II, the registering system was designed to require as little extra effort as 
possible, taking advantage of the existing clinical process (no extra staff needed) and 
the EMR (Lifecare/Tieto, no extra software needed). The staff registered the chosen 
set of preoperative parameters and, on discharge, the occurrence of eventual 
complications. Data were stored in a dedicated locus of the electronic patient record 
in a numerically coded format that was extracted for subsequent analysis (Figure 3). 
The data output included the patient’s personal data encryption and, since being 
incorporated in the EMR, normal staff authorization and access control.  

 
Figure 3.  Screenshot of the Registering Site in the Electronic Medical Record (EMR).  

To record complications by the severity grade expressed numerically, a modified 
Clavien–Dindo classification was chosen (Clavien et al., 2009). Technical and 
process failures were included in the system, as shown in Table 4. 
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Table 4. Modified Clavien–Dindo Classification for Postoperative Complications. 

Grade  Postoperative recovery and complications according to Clavien–Dindo 
classification 

Grade 0 Normal postoperative recovery with no complications. 
Grade 1 Any deviation from the normal postoperative course without the need for 

pharmacological treatment or surgical, endoscopic, and radiological interventions.  
(Allowed therapeutic regimens: drugs as antiemetics, antipyretics, analgesics, 
diuretics and electrolytes and physiotherapy; also includes wound infections opened 
at the bedside.) 

Grade 2 Requiring pharmacological treatment with drugs other than such allowed for grade I 
complications.  
(Blood transfusions and total parenteral nutrition included.) 

Grade 3 Requiring surgical, endoscopic, or radiological intervention not under general 
anesthesia 

Grade 4 Intervention under general anesthesia 
Grade 5 Life-threatening complication (including CNS complications) * requiring IC/ICU-

management, single organ dysfunction (including dialysis) 
Grade 6 Life-threatening complication (including CNS complications) * requiring IC/ICU-

management, multiorgan dysfunction (MOF) 
Grade 7 Death of a patient 
Grade 8 Complication at discharge, category cannot be defined (i.e., recurrent nerve paralysis 

after thyroid surgery)  
Grade 9 Other (i.e., wrong medication, postponement/ cancellation of surgery) 

4.2.2.2 Patient- and Procedure-related Risk Factors 

A wide literature search was done as described in Study I to determine the relevant 
patient-related risk factors containing only bedside data. According to the literature, 
exclusion of laboratory datasets maintains predictive accuracy (Anderson 2014; 
Dimick et al., 2010; Tsiouris et al., 2013). Objective demographic variables included 
age and sex. Body mass index (BMI), alcohol intake, and smoking were included 
since they reflect lifestyle factors that could be monitored and influenced by patient 
information and advice. BMI was graded in three categories (>18.49 = low, 18.5–
31.99 = normal and >32 = overweight). Smoking was recorded as non-smoker = 0, 
ex-smoker = 1, and current smoker = 2.  Alcohol intake was recorded as never = 0, 
less than once a month = 1, 2–4 times a month = 2, 2–3 times a week = 3, and >4 
times a week = 4. 

Two composite measures were included to include major comorbidities or 
symptoms: the ASA class and the Charlson Comorbidity Index (Charlson 1987) as 
a measure of general health status (Table 5). ASA was graded as 1–5 (the lower 
number, the healthier the patient), and the Charlson Index was graded in three 
categories (0, 1–3, and >4). 
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Table 5. Charlson Comorbidity Index Score. 

Comorbidity Score 

Metastatic solid tumor 6 
Acquired immune-dificiency-syndrome (AIDS) 6 
Moderate or severe liver disease 3 
Cerebrovascular (hemiplegia) event 2 
Moderate-to-severe renal disease 2 
Diabetes with chronic complications 2 
Cancer without metastases 2 
Leukemia 2 
Lymfoma 2 
Peripheral vascular disease 1 
Dementia 1 
Chronic pulmonary disease 1 
Peptic ulcer disease 1 
Mild liver disease 1 
Diabetes 1 
Rheumatologic disease 1 

 
Nutritional and functional status are additional general health measures that 

correlate with surgical risk. Modified Nutritional Risk Screening (NRS) 2002 
(Kondrup et al., 2002) and the modified Metabolic Equivalent of Task (MET) index 
(Ainsworth et al., 1993) were chosen to assess these two measures, respectively 
(Table 6). Nutritional status was graded as NRS 2002 index 0–3 (Appendix). 

Table 6. Modified MET Index. 

Totally 
dependent 

1 MET Needs help with eating, using the toilet, dressing up. 

Partly 
dependent 

2 MET Can partly take care of oneself (eat, dress, or use the toilet). 

Moderate 3 MET Can walk indoors and do light work around the house (dusting, 
dish washing). 

Good 4 MET Can do heavy work around the house like scrubbing floors. 
Can climb a flight of stairs, walk up the hill, or run a short 
distance.  
Can participate in moderate recreational activities like golf, 
bowling, and dancing. 

Excellent 5 MET Can participate in strenuous sports like swimming, singles 
tennis, football, basketball or skiing. 
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Procedure-related risk factors, such as the urgency of surgery 
(elective/emergency) and subspecialty, were categorized. The surgical wound 
classification system is routinely recorded to represent the bacterial load in the 
surgical wound and thus the postoperative risk of a surgical site infection (Herman 
& Bordoni, 2023), but it was chosen not to be used for this study. 

4.2.3 Patient Education and Complications (Study III) 

4.2.3.1 Questionnaires 

Two questionnaires were used for the data collection: the Knowledge Expectations 
of Hospital Patients (KEHP) at hospital admission, and the Received Knowledge of 
Hospital Patients (RKHP) at hospital discharge (Appendix). The KEHP and RKHP 
are based on the concept of empowering patients through education, and the original 
versions have been validated in multiple studies (Leino-Kilpi et al., 2005; Rankinen 
et al., 2007).  

4.2.3.2 Data Collection 

The KEHP-questionnaire was administered to non-ambulatory adult patients with no 
memory disorder scheduled for elective surgery. The questionnaire was sent to the 
patients by the preoperational interviewer nurse, accompanied by a hospital 
invitation letter. The patients who were willing to participate in the study returned 
the questionnaire anonymously at the time of hospital admittance. The RKPH 
questionnaire was administered to the patients at the hospital ward on the day of 
discharge, and it was returned anonymously in sealed envelopes. Both questionnaires 

were completed by 258 patients: there were 116 patients not returning the RKPH and 
158 patients with incompletely filled questionnaires. Additional data, including the 
Charlson comorbidity index (Charlson et al., 1987; 1994), diagnosis, and procedure, 
were collected from the electronic patient records after the surgical procedure.  

The original study patients were interviewed by a nurse four weeks after the 
operation by a telephone call. The patients were asked to report any post-discharge 
problems, and to describe or categorize the complications as wound complications 
(redness, swelling, rupture, secretion, infection), excessive pain, fever, permanent 
disadvantage, or other problems. Of the original 258 patients, 223 participated in 
telephone interviews. 
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4.2.4 Perceived Quality of Care and Complications (Study 
IV) 

4.2.4.1 Questionnaire and Measurements 

A structured instrument, the Good Nursing Care Scale for Patients (GNCS-P), was 
used to study the perceived quality of care. The GNCS has been tested and evaluated 
in multiple studies (Rehnström et al., 2003). The GNCS-P consists of 7 content 
categories and 39 items measuring quality of care, as described in Study IV (see 
Hyvä Hoito – mittari  in the Appendix). The GNCS-P questionnaire also includes 10 
questions on education, living, and working status, number of visits to the hospital, 
and commitment to treatment. Additional data, including demographic factors, 
factors affecting overall health, and diagnosis and procedure codes, were collected 
from the electronic patient records after the surgical procedure. 

4.2.4.2 Data Collection 

The GNCS-P was administered to 436 adult consenting eligible patients admitted for 
elective or emergency surgery on the general and orthopedic surgery wards. The 
participating patients returned the questionnaires anonymously at the time of hospital 
discharge. There were 378 patients who had completed at least half of the questions 
for each sum variable, thus creating the study sample. A research assistant 
interviewed the patients by phone 30 days after the operation. The patients were 
asked to report any post-discharge problems and to describe or categorize the 
complications as wound complications (redness, swelling, rupture, secretion, 
infection), excessive pain, fever, permanent disadvantage, or other problems. Of the 
378 patients, 323 answered the follow-up telephone call (85%). 

4.3 Statistical Analysis 

4.3.1 Studies I and II 
In Study I, meta-analysis was not applicable based on the heterogeneity of the 
articles, and the evidence was synthesized qualitatively. In Study II, all surgical 
operations with data on complication severity (modified Clavien–Dindo index) from 
Satakunta Central Hospital between 1 January 2016 and 31 December 2018 were 
analyzed. Complications were classified into two classes: minor (Clavien 1–3) and 
major (Clavien 4–7). ‘No complications’ were marked as zero (0) and other 
complications as 8–9. Statistical analysis was performed using the crosstabulation 
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chi square (χ2) test or Fisher’s exact test. The data were expressed as numbers and 
percentages, and the mean age of each group was presented. 

4.3.2 Studies III and IV 
In Studies III and IV, the data were analyzed statistically using SAS 9.3 software 
(SAS Institute Inc., Cary, NC, USA). Descriptive statistics, such as frequencies, 
percentages, means, and standard deviations, were used to describe the variables. 
The patients who completed both questionnaires (KEHP and RKHP) were included 
in Study III. The total sum scales of knowledge expected and received were used to 
categorize patients into two groups: Group 1 (received less knowledge than 
expected) and Group 2 (received as much or more knowledge than expected). 
Complications were reclassified into three categories based on data: wound 
complications, extra pain, and other complications due to the size of the groups. The 
χ2 and t-test were used to analyze differences between Groups 1 and 2. 

In Study IV, the perceived quality was classified into two categories: (1) fair 
quality (sum score 1.0–3.0) and (2) high or very high quality (sum score 3.1–4.0). 
The χ2 and t-test were used to analyze univariate associations between characteristics 
of patients and classified quality categories, and differences in quality of care 
between those with and without reported complications. If the expected frequencies 
or counts were too small, Fisher’s exact test was used.  

Multivariate logistic regression analysis was used to find independent 
characteristics of patients associated with the received level of knowledge (III) and 
with quality categories (IV). p values less than 0.05 were considered statistically 
significant. 

4.4 Ethical Considerations 
There was no patient involvement in Studies I and II. In Studies III and IV, the 
participants were informed about the scope of the study prior to consenting. 
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5 Results 

5.1 Systematic Review (Study I) 
The systematic review was conducted to determine whether there were surgical 
clinical complication registry studies on existing prospective surgical registries that 
could be used by single institutions across surgical specialties. Only five such reports 
were found. The registries were created independently between 1991 and 2005. The 
risk-of-bias assessment showed at least some deficiencies in the description of 
patient selection in all five studies, with insufficient documentation of patients’ 
baseline characteristics, surgical procedures, and staff competence in most studies. 
Valid and sufficient documentation of outcomes and descriptions of system-related 
features were found in all five studies.  

The structural characteristics of the five studies were identified; information on 
patients, duration of follow-up, definition of outcome, data coverage, monitoring and 
processing, feedback, and findings according to the study design were gathered 
(Table 7). The classification and description of complications and the method for 
data collection varied notably. Patient-related risk factors were collected in two 
studies, and measured differently based on patient status (age, sex, ASA grade, 
functional/self-supporting status, BMI, smoking, weight loss, and wound infection), 
medical tests (such as laboratory variables and electrocardiography results), or co-
morbidities (either separately or with an index). Operation-related factors referred to 
the classification of operation complexity and whether the operation was performed 
as planned (elective) or an emergency. Four of the five studies measured the 
coverage of data collection and outcome reporting, with missing data ranging from 
5% to 49.7%. 
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Table 7. Structural Characteristics of the Clinical Surgical Complication Registry Studies. 

 Veltkamp et al. 
(2002)  

Veen et al. (2005) Bilimoria et al. 
(2009) 

Daley et al. 
(1995) 

Rebasa et al. 
(2008)  

Country Netherlands  Netherlands USA USA Spain 
Study period 1 year  

(1996–1997) 
>15 years  
(1986–2001) 

2 years  
(2005–2007) 

> 2 years 
(10/1991–12/1993) 

1.5 years (during 
2005–2006) 

Patients and 
surgical 
indications 

All surgical ward 
patients (also 
non-operative,  
n=3075) 

Patients admitted 
to surgical 
department for 
operation 
(n=24201 + 
31161) * 

All surgical (also 
non-operative 
patients,  
n=15524) 

Non-cardiac 
operations 
(n=83958) 

Patients admitted 
to surgical 
department for 
operation 
(n=3807) 

Duration of 
follow-up 

30 days after 
discharge 

Care on ward 
after surgery 

Surgery and care 
on ward 

30 days after 
surgery 

30 days after 
discharge 

Definition of 
outcome 

Complications 
according to 
severity (Clavien–
Dindo 
classification) 

Complications 
according to ASN 

All complications 
(categorized) 

21 postoperative 
adverse events 
and mortality 

Adverse events 
(Harvard Medical 
Practice Study 
Group 
classification†) 

Inclusion of 
operative and 
patient risk 
factors 

Yes (emergency, 
minor/major 
surgery, ASA 
grade, age, sex, 
co-morbidities, 
BMI) 

No No Yes (17 
preoperative risk 
variables: ASA, 
serum albumin; 
urgency and 
duration for 
surgery) 

No 

Study design Data collection of 
risk factors + 
complications for 
a risk model 

Study of definition 
and registration 
methods (real-
time register) 

New system for 
reporting adverse 
events 

Prospective study 
with collection of 
data in 44 medical 
centers 

Prospective 
surveillance of 
adverse events 
and errors in 
surgery 
department 

Coverage 1 hospital surgical 
ward 

1 hospital surgical 
department 

1 hospital surgical 
unit 

44 hospitals 1 hospital 

Data 
monitoring 

Responsible 
medical team 

Physician who 
noticed the 
complication 

Medical team Surgical 
assessment nurse 

Any staff 
member 

*This study was conducted in two phases: before and after the system was computerized. †Adverse 
event, unexpected consequence or lesion caused to the patient as a result of treatment rather than 
underlying illness; preventable adverse event, adverse event or event attributable to error; error of 
assistance, error produced by mistakes in the planning or execution of diagnosis and treatment. 
ASN, Association of Surgeons of the Netherlands. 

5.2 Created Complication Register (Study II) 
The results from Study I concerning patient- and surgery-related risk factors (Table 
8) were used as a reference when creating the surgical complication register. In 
addition, such matters as data collection and feedback methods were discussed based 
on Study I when creating the register. The registering of complications was started 
in January 2016, and the staff training, and data set up was conducted in 2015. 
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5.2.1 Data Collection and Complication Rates 
From 1 January 2016 to 31 December 2018, 19,158 operations were performed. Data 
on complications (Clavien-Dindo 0–9) were recorded for 4529 surgical patients 
(23.6%), and 779 complications were reported (Clavien-Dindo 1–9). The overall 
complication rate was 17.2% (95%CI 16.1–18.3), which is well in line with the 
literature reporting a range of 5.8% to even 43.5% (Gawande et al., 1999; Tevis et 
al., 2000; Wanzel et al., 2000). 

5.2.2 Complications and Type of Surgery 
Most patients (82.8%, 95%CI 81.7–83.9) were classified as Clavien-Dindo 0 (no 
complications). There were 565 (12.5%, 95%CI 11.8-13.2) minor complications 
(Clavien-Dindo 1–3), 207 (4.6%, 95%CI 4.0–5.2) major complications (Clavien-
Dindo 4–7), and 7 (0.2%, 95%CI 0.06–0.3) other complications (Clavien-Dindo 8–
9) (Table 9). The results are consistent with the literature (Gawande et al., 1999; 
Kennedy et al., 2013; Tevis et al., 2000). The data collection and complication 
frequency varied between hospital wards and subspecialties (Table 9). 

Table 9.  Numbers of Patients with Documented Clavien-Dindo Classification and Incidence of 
Complications Based on Clavien-Dindo Classification Among Surgical Subspecialties in 
the Satakunta Central Hospital During Years 2016–2018. 

  
n 

total 

 
n  

registered 

Percentage 
(%) of 

registered 

No  
complica-

tion (0) 

 
Minor  
(1–3) 

 
Major  
(4–7) 

 
Other 

Subspecialty 
  

 n % n % n % n % 
Gastrointestinal surgery 5291 1376 26 1101 80 158 11.5 116 8.4 1 0.1 
Orthopedic surgery 5017 1064 21 926 87 119 11 16 1.5 3 0.3 
Urology 3383 819 24 677 83 117 14 24 3 1 0.1 
General and Plastic surgery 2189 393 18 315 80 59 15 18 5 1 0.3 
Traumatology 1489 276 18.5 227 82 41 15 8 3 0 0 
Vascular surgery 836 311 37 275 89 33 11 2 0.6 1 0.3 
Endocrinological surgery 435 143 33 129 90 10 7 4 3 0 0 
Thorax surgery 7 3 43 2 67 1 33 0 0 0 0 
Other 511 144 28 98 68 27 19 19 13 0 0 
All 19158 4259 23.6 3750 82.8 565 12.5 207 4.6 7 0.2 

5.2.3 Preoperative Risk Factors and Complications 
The frequency of complications is presented in Table 10. There was statistical 

significance between complications and most risk factors due to the large group of 
patients. ASA (p <0.001), Charlson Index (p <0.001), and nutritional status 
(modified NRS 2002, p = 0.041) indicated strongest association with complication 
trends. As an operation-related factor, the urgency of surgery was associated with 
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subsequent occurrence of complications (p <0.001). Smoking status, age, alcohol 
consumption and functional status (MET index) did not show an association with 
complication occurrence. 

Table 10.  Patient- and Surgery related Risk Factors in Relation to Surgical Complications Based 
on Clavien-Dindo Classification in Satasairaala During Years 2016–2018. 

 No  
complications (0) 

Minor 
complication (1–3) 

Major 
complication (4–7) 

Other  
(8–9) 

 
p 

ASA n = 4490 n % n % n % n %  
0 422 89 40 8 12 2.5 0 0 <0.001 
1 1605 86 209 11 59 3 0 0  
2 1563 80 277 14 104 5 0 0  
3 128 70 33 18 21 11.5 0 0  
4 3 30 0 0 7 70 0 0  
MET n = 3765          
1 64 82 9 11.5 5 6 0 0 0.033 
2 146 80 23 13 14 8 0 0  
3 214 79 44 16 10 4 2 0.7  
4 1847 83 287 13 100 4.5 3 0.1  
5 856 87 87 9 38 4 1 0.1  
Charlson n = 3367 1.37 (mean)  1.71 (mean)  1.97 (mean)  2.17 (mean)  <0.001 
0 1083 88 112 9 39 3 1 0.1  
1-3 1503 82 240 13 81 4 4 0.2  
>4 236 78 42 14 25 8 1 0.3  
NRS-2002 n = 3337         0.041 
0 1963 86 246 11 76 3 3 0.1  
1 749 83 110 12 45 5 2 0.2  
2 101 81 17 14 7 6 0 0  
3 14 78 4 22 0 0 0 0  
Sex n = 4529         0.916 
Male 1848 82.5 283 13 106 5 3 0,1  
Female 1902 83 282 12 101 4 4 0.2  
Type of Surgery n = 4529         <0.001 
Emergency 673 72 136 15 1119 13 1 0.1  
Elective 3077 86 429 12 88 2 6 0.2  
Alcohol intake n = 3864         0.004 
0 975 83.5 155 13 38 3 0 0  
1 1195 82 187 13 67 5 3 0.2  
2 822 84 105 11 50 5 3 0.3  
3 174 84 17 8 16 8 0 0  
4 53 93 4 7 0 0 0 0  
Smoking n = 3670         0.001 
0 2442 83 374 13 113 4 5 0.2  
1 231 84 37 13 8 3 0 0  
2 297 80.5 38 10 34 9 0 0  
BMI n = 5256 28.4 (mean)  27.9 (mean)  30.0 (mean)  24.1 (mean)  0.63 
<18.49 208 83 29 12 12 5 1 0.4  
18.5–31.99 3234 83 496 13 175 4.5 5 0.1  
>32 928 85 127 12 40 4 1 0.1  
Age n = 4527 64.7 (mean)  67.6 (mean)  65.5 (mean)  65.1 (mean)  0.001 
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5.2.4 Development and Costs of the System 
Nurses in the surgical outpatient clinic were trained in using the perioperative system 
and encoding the parameters of the patients signed up for elective surgery. 
Permanent staff, frequent reminders for data collection, and close follow-up resulted 
in improved recording frequency. The total calculated cost of the system was 
approximately €1,000 for the initial computer programming followed by 
approximately €19,000 per year, which constituted the labor costs of data recording. 

5.3 Patient Education and Complications (Study III) 

5.3.1 Characteristics of the Patients and Factors Associated 
With Differences in the Level of Acquired Information 

There were 258 patients who returned both questionnaires, but not everybody 
answered all questions (Table 11). In the study population, 131 patients (51%) were 
male, the mean age was 62 years, and 159 patients (62%) were retired. The Charlson 
indices were low (0.9–1.1) and indicate that the number and severity of patient 
comorbidities were low (Table 11). Orthopedic implant procedure was performed on 
98 (38%) patients, elective other orthopedic and hand surgery (such as spine, foot, 
hand surgery) on 96 (37%) patients, and non-cardiac general surgery (Gi-, vascular, 
thoracic, urology, or plastic surgery on 64 (25%) patients. Vocational education, 
employment status, subjective state of health, and adherence to treatment were 
characterized (Table 11). 

The 258 patients were divided into two groups: Group 1 (received less 
information than expected, 102 (40%) patients) and Group 2 (received as much or 
more, 156 (60%) patients). There was a statistical difference between the two groups 
in gender and diagnosis/procedure. In Group 2, there were mostly patients with 
orthopedic implant procedures (47%) compared to the patients undergoing other 
orthopedic (32%) or general surgery (21%) procedure (p=0.0015). Female patients 
reported a lack of information more often than males (64 female (41%) and 91 male 
patients (59%) in Group 2 (p = 0.0028) (Table 11). In multivariate logistic regression 
analysis gender (male vs. female OR 2.67 95%CI 1.55–4.60, p=0.0004) and 
procedure (elective orthopedic implant surgery vs. elective minor orthopedic and 
hand surgery: OR 3.25, 95%CI 1.72–6.17, p = 0.0003) were found to be independent 
predictors of satisfactory patient education in the study population.  
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Table 11.  Characteristics of Patients in the Study Population (N = 258) and the Differences 
Between Groups I and 2 in Relation to the Level of Received Information. 

Characteristics of Patients  
Group 1: Received 

less knowledge than 
expected (n = 102) 

Group 2: Received as 
much or more 

knowledge than 
expected (n = 156) 

 

 n % n M(SD) % n M(SD) % p 
Age 256  101 61 (12.6)  155 63 (12.6)  0.1417 
Gender 256        0.0028 

Male 131 51 40  31 91  69  
Female 125 49 61  49 64  51  

Vocational education 252        0.6587 
No vocational education 64 25 22  34 42  66  
Secondary vocational degree 146 58 60  41 86  59  
College-level vocational degree 16 6 8  50 8  50  
Academic degree 26 10 10  38 16  62  

Employment status 251        0.1903 
Employed 62 25 30  48 32  52  
Retired 159 63 56  35 103  65  
Working at home, student, 
unemployed/job applicant, other 

30 12 11  37 19  63  

State of health at the moment 251        0.3468 
Excellent or good 131 52 47  36 84  64  
Fairly good or poor 120 48 50  42 70  58  

Adherence to treatment 258        0.3271 
Excellent 96 38 32  33 64  67  
Good 138 54 59  43 79  57  
Fairly good or poor 21 8 9  43 12  57  
Charlson index 249  97 1.08 (1.33)  152 0.87 (1.24)  0.1983 

MET index (physical activity) 253        0.6489 
Needs assistance 4 2 2  50 2  50  
Does not need assistance 249 98 98  39 151  61  

Diagnosis 257        0.0032 
Soft tissue 110 43 48  44 62  56  
Orthopedic (hip or knee) 93 36 25  27 68  73  
Orthopedic (not hip or knee) 54 21 29  54 25  46  

Procedure  258        0.0015 
Non-cardiac general surgery 64 25 31  48 33  52  
Elective orthopedic implant 
surgery 

98 38 25  26 73  74  

Elective minor orthopedic and 
hand surgery 

96 37 46  48 50  52  
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5.3.2 Association Between Lack of Acquired Knowledge and 
Postoperative Complications 

A telephone interview was conducted with 223 patients at 30 days postoperatively. 
There were 70 complications reported by 59 patients (26%) (Table 7). A healthcare 
service provider was contacted by 47 patients (81% of reported complications). The 
most common patient-reported complications (26/70 total complications) were 
wound problems (wound rupture or redness and swelling at the wound site). Other 
complications reported were excessive pain (18 patients), and a mixture of 
gastrointestinal, stress-related, and urinary problems (26 patients). The patients in 
Group 1 were more likely to report any complication (p = 0.01) and a wound 
complication (p = 0.03) than the patients in Group 2 (Table 12).  

Table 12. Postoperative Complications 30 Days After Hospital Discharge. 

Patients who participated in the 
telephone interview (n = 223) 

Group 1: knowledge 
received less than 

expected 

Group 2: knowledge 
received as or more 

than expected 

 

 n % n % n % p 

Total postoperative 
complications at home        0.01 

Yes 59 26 31 53 28 47  

No 164 74 55 34 109 66  

Wound complications       0.03 

Yes 26 12 15 58 11 42  

No 197 88 71 36 126 64  

Pain       0.30 

Yes 18 8 9 50 9 50  

No 205 92 77 38 128 62  

Other complications       0.68 

Yes 26 12 11 42 15 58  

No 197 88 75 38 122 62  

 
In Study III, the information provided was also studied from different aspects or 

dimensions. The lack of bio-physiological aspects of patient education (concerning 
symptoms, examinations, treatment, complications) was associated with reported 
complications (Table 13). 



Results 

 53 

Table 13. Surgical 30-day Complications* and Different Dimensions of Received Knowledge. 

Dimensions of 
knowledge 

Received less knowledge than 
expected 

Received as much or more 
knowledge than expected 

 
 

Postoperative 
Complications after 

30 days 
 

Postoperative 
Complications after 

30 days 
 n  % n  % p 
Bio-
physiological 80  35 143  22 0.03 

Functional 56  28 167  26 0.7 
Experiential 80  30 143  24 0.4 
Ethical 116  28 107  24 0.5 
Social 115  31 108  21 0.09 
Financial 98  28 125  25 0.5 
All dimensions 86  36 137  20 0.01 

* Total number of patients participating in the telephone interview n = 223. Total number of patients 
with complications n = 59 

5.4 Perceived Quality of Care and Complications 
(Study IV) 

5.4.1 Characteristics of the Patients and Their Association 
With Patient-Related Factors and Patient-Reported 
Quality of Care 

In the Study IV population, 49% (n = 186) were male. The mean age was 60.4 years 
(SD 15.1, range 19–88). Most of the patients were scheduled for elective surgery 
(81%). There were 41% orthopedic and 59% general surgery patients (gi-, vascular, 
urologic, and plastic surgery). The number and severity of comorbidities were minor: 
the Charlson indices were low (0–2) in 89% of patients, and only 4% needed 
assistance in their daily living (Table 14). 

The patients who lived alone accounted for 25% of the patients, and they 
evaluated the overall quality of care rate lower (fair quality, sum score 1.0-3.0, 
p = 0.0088). Those who would have sought treatment elsewhere if it had been 
possible accounted for 5% of the patients and reported a low quality of care (fair 
quality, sum score 1.0–3.0, p = 0.0114). The patients who evaluated their state of 
health as moderate or poor accounted for 52% of the patients, and they also evaluated 
the quality of care lower (fair quality, sum score 1.0-3.0, p = 0.0047). After logistic 
regression analysis, the first two remained statistically significant (living alone 
p = 0.0259, state of health p = 0.0149). 
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Table 14.  Patient-Related Factors and Overall Quality of Care Evaluated by Surgical Patients 
(N = 378). 

  
Fair quality of 

care 
(n = 34) 

High or very 
high quality of 

care 
(n = 344) 

 

 n % n % n % p 
Gender       0.3262 

Male 186 49 14 7.5 172 92.5  
Female 192 51 20 10.4 172 89.6  

Type of accommodation       0.0088 
Lives alone 92 25 14 15.2 78 84.8  
Lives with another person  281 75 18 6.4 263 93.6  

Admission to hospital       0.1067 
Elective 306 81 24 7.8 282 92.2  
Emergency 72 19 10 13.9 62 86.1  

Would have sought treatment 
elsewhere if it had been possible       0.0114 

Yes 20 5 5 25.0 15 75  
No 352 95 29 8.2 323 91.8  

State of health compared to normal        0.0047 
Excellent or good 179 48 8 4.5 171 95.5  
Moderate or poor 196 52 25 12.8 171 87.2  

Charlson index       0.8263 
0–2 263 89 21 8.0 242 92.0  
3– 33 11 3 9.1 30 90.9  

Met index (physical activity)       0.2114 
Needs assistance 11 4 2 18.2 9 81.8  
Does not need assistance 298 96 23 7.7 275 92.3 0.2706 

Procedure         

Orthopedic surgery 155 41 11 10.4 144 92.9  
Other 221 59 23 7.1 198 89.6  

5.4.2 The Relationship Between the Perceived Quality of 
Care and Postoperative Complications 

There were 85 patients with reported postoperative complications out of 323 (26%). 
The reported complications were mainly related to the wound or excessive pain, and 
therefore seen as minor. The overall quality of care was evaluated as high or very 
high by 91% of the patients (mean, 3.58, SD 0.37, range 2.17–4.0). Patients who 
reported postoperative complications evaluated quality of care lower in all categories 
(Table 15). 
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Table 15. Quality of Care Evaluated by Surgical Patients and Patient-Reported Postoperative 
Complications (n = 323). 

 
 
 
 
 
Quality categories 

Patients with 
postoperative 
complications  

(n = 85) 
Evaluated quality/ 

Mean (SD) 

Patients without 
postoperative 
complications  

(n = 238) 
Evaluated quality/ 

Mean(SD) 

p 

Total quality of care 3.49 (0.42) 3.63 (0.35) 0.0105 
Staff characteristics 3.70 (0.50) 3.81 (0.33) 0.0621 
Care-related activities 3.55 (0.53) 3.70 (0.41) 0.0203 
Preconditions for care 3.57 (0.50) 3.69 (0.39) 0.0529 
Environment 3.79 (0.30) 3.86 (0.26) 0.0617 
Progress of nursing process 3.45 (0.52) 3.65 (0.43) 0.0016 
Support of patients’ empowerment 
strategies 

3.43 (0.59) 3.57 (0.48) 0.0630 

Co-operation with relatives 2.72 (0.94) 2.92 (0.92) 0.1778 
Scale of good quality: strongly agree=4, strongly disagree=1. p values of significance (<0.1) are 
marked in bold. 

Answers to the Research Questions 

1. There are still no standard definitions or grading systems for 
complications. There are only a few prospective or on-line local hospital-
wide complication registering systems reported in the literature. There is 
no consensus on the standard definitions or methodologies of such 
registers. 

2. A hospital-wide surgical complication monitoring system can produce 
valid numerical data for monitoring risk-adjusted surgical quality. Only a 
few patient-related risk factors may be sufficient to account for the case 
mix: ASA and nutritional status.  

3. Patients differ in terms of preoperative expectations and information 
needs. Patient education and the level of perceived information may have 
an influence on complications and recovery from surgery. 

4. Patient-related psychological factors, such as the subjective state of health 
and emotional needs, may have an influence on the patient-evaluated 
quality of quality of care. The patient-evaluated low quality of care in 
healthcare staff’s technical and communication skills may have an 
association with reported postoperative complications. 
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6 Discussion 

The background of this thesis was to bring meaningful and local surgical quality and 
safety control via surgical complications measuring and reporting into spotlight: first 
by performing a systematic review on the current situation worldwide, and 
subsequently by describing the process and contents of a pilot inexpensive hospital-
wide surgical complication register. The further aims were to study surgical 
complications in relation to patient education and informational needs and patient 
perceptions of quality.  

There is a need for surgical outcomes to be followed and made public, but 
surgical quality measurement remains controversial and expensive (Bae et al., 2020; 
Bruce et al., 2001; Wadhera et al., 2020; Zhan et al., 2003). There is currently no 
consensus on how surgical quality should be measured and reported, and what might 
be the most relevant and meaningful data contents (Bosma et al., 2012; Domenghino 
et al., 2023). In the era of big data and AI, it is important to seek such comprehension 
from the chaotic data mass.  

Socioeconomic factors have a major effect on patient health, and people of lower 
socioeconomic status experience comparatively worse health outcomes (Stringhini 
et al., 2017; Wadhera et al., 2020). Recent articles have stated that hospital rankings 
should shift to benchmarking or ratings (including risk assessment), increase 
transparency and reproducibility (better methodology), bring attention to measures 
that matter to patients, and account for socioeconomic differences in regions (Bae et 
al., 2020; Berwick et al., 2016). This thesis had the intention of concentrating on 
those issues by creating a complication registry (Studies I&II) and studying 
associations between complications and patient-evaluated items related to care 
(Studies III&IV). 

6.1 Cross-Discipline Surgical Complication 
Registry 

It seems reasonable that surgical units should record their results, monitor the 
frequency of surgical complications, and show transparency. If hospitals cannot 
track or validate their own performance, they will be unable to identify specific 
opportunities to improve the care they deliver. This thesis focused on these issues by 
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creating a hospital-wide surgical complication register (Study II), based on the 
knowledge on valid parameters and the appropriate way of gathering data and 
reporting surgical complications acquired from the systematic literature review on 
the subject (Study I). 

The classification and categorization of complications were different in all the 
included studies in Study I, emphasizing the need for international standards on 
institutional quality control systems and complication classification. It seems likely 
that a classification system according to complication severity would be most 
applicable to a cross-specialty surgical registry; the Clavien–Dindo complication 
index was chosen for our register (Study II). 

Quality assessment in healthcare requires at least robust risk adjustment, since 
socioeconomic factors have a major effect on patient health (e.g., diabetes, obesity, 
cardiovascular disease, cancer), and people of lower socioeconomic status 
experience worse health outcomes and lower life expectancy (Wadhera et al., 2020; 
Anderson et al., 2012). Study II shows the possibility of a broad and clinically 
relevant quality measurement at a reasonable cost with a combination of the 
complication index and a limited set of risk factor variables to take the case mix into 
account. This type of registering system could be used, as such, while there are better 
AI solutions in hand, or parallel—as structured data on grading and detecting 
surgical complications or other outcome data—with more complex big data in the 
future.  

The complication register was designed to be a structured part of the EMR and 
to comprehensively cover surgical subspecialities intended for equality and equity. 
Reporting data in specific healthcare fields may have unintended consequences, 
including distortion of healthcare efforts to fit measurement systems (Shah et al., 
2018). This is why a complete recording system would offer greater transparency 
and equality in comparison to subspecialty registers or recording and studying only 
index operations. 

6.2 Experience with the Surgical Complication 
Registry 

The complication registry created for this thesis (Study II) showed feasibility in 
being a simple real-time surgical complication monitoring system that produces 
relevant data using the existing patient record system and staff commitment. The 
data stored includes the patient’s personal data encryption and, since being 
incorporated into the EMR, normal required staff authorization and access control. 
The data extracted are standardized, numerical, and quantifiable, and can be directly 
analyzed by statistical means. The system leans on the existing EMR and routine 
clinical processes, making the training of the staff and setting up of the system easier. 
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There were automatically formed monthly reports, which required no staff and 
therefore generated no extra costs. As a comparison, the ACS National Surgical 
Quality Improvement Program (ACS-NSQUIP) is a broadly used functional 
complication registering system with an annual fee of between $10,000 and $29,000 
for sites participating in. This fee covers program management and administration, 
on-site audits, and ongoing technical support but does not cover the labor wealth of 
data collected in ACS-NSQUIP. The commercial registries for single disciplines 
(e.g., BCB Medical) offer nice features for complication registering, but cost 
€10,000–11,000 per year per discipline for only the software. The labor costs 
accompanying the above two registries are anticipated to be much higher due to the 
multitude of parameters.  

The results in Study II suggest that in addition to emergency and nutritional 
status, recording the ASA grade may be sufficient for robust risk adjustment in 
surgical performance monitoring. The ASA Physical Status Classification System is 
based on factors that reflect a patient’s overall health status. It has been widely used 
for over 60 years and has become a routine assessment of a patient’s paranesthesia 
comorbidities. Novel ML algorithms have been created to predict postoperative 
outcomes, including morbidity, readmission, and mortality. However, the result of 
this thesis indicates that the professional clinical assessment of the patient’s ASA 
class is valuable for case mix and can be used before access to more elegant AI 
solutions. Further, reducing the register parameters will cut down the staff workload 
and system costs, which is essential when resources are scarce. 

Prospective clinical data collection can provide a tool for quality improvement 
efforts within clinics with continuous feedback. However, there are difficulties with 
the effective use of data of quality improvement projects, such as engaging clinicians 
and collecting data efficiently, due to fear of reprisal, and confusion on which events 
should be reported (Rubin et al., 2019); and feeding back results constantly—a time 
lag of one year to receive data hindered quality improvement, whereas monthly 
feedback provided invaluable positive reinforcement (Wagstaff et al., 2022). 
According to the literature, the implementation of a register is likely to succeed when 
used as a tool in hospital organizational programs and is led by a multidisciplinary 
team (Aveling et al., 2013; Conley et al., 2011). The complication register described 
in Study II serves as a pilot study and has not yet fulfilled its potential. Due to 
changes in organization, leadership, and clinical care, the feedback was insufficient 
in our register and may have contributed to the low frequency of data collection. The 
process of how and by whom surgical complications should be registered is an 
unresolved matter. In Study I, data were found to be collected by all staff, medical 
teams, or dedicated monitoring staff. Most of the studies on institutional registers in 
the literature have reported poor data coverage (Study I), which is also a limitation 
of the register created for the registry in this project (Study II).  
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An essential prerequisite for any register is the high coverage and validity of 
data. The higher the coverage of data, the higher the generalizability, since the risk 
of skewed patient selection decreases. A fundamental issue is the validity of input 
data: incorrect or missing data reduces the credibility and internal validity of the 
register (Venermo et al., 2017). Validation should be done regularly, for example, 
with re-extraction of data from EMR, done by independent reviewers (Axman et al., 
2021). Automated or structured processes would undoubtedly solve the problem of 
unreliable data collection and produce valid data; that is, the coverage should be near 
100%.  

6.3 Patient Experience and Patient Education in 
Relation to Individual Needs and Surgical 
Complications in Surgical Patients 

The technical skill of a surgeon accounts for a great part of surgical complications 
(Birkmeyer et al., 2013), but there are surgical complications that have been studied 
operation-related, resulting in fact from problems in ward management and 
discharge processes rather than intraoperative care (O’Logbon et al., 2020). In a UK 
study, less than 20% of preventable adverse events were directly related to surgical 
operations or invasive procedures; 53% of preventable adverse events occurred in 
general ward care and 18% in care at the time of discharge (Neale et al., 2001).  

There are many steps along the clinical course of care in which surgical quality 
can be studied from different aspects. For this thesis, factors contributing to surgical 
complications concerning individual patient needs, patient education, and patient 
experience of the quality of care were chosen. These aspects reflect the ward staff’s 
professionality, interaction, and non-technical skills, also studied as human factors 
(Mathavara & Ramachandran, 2022). Healthcare staff’s non-technical skills, such as 
situational awareness, team management, and communication skills, may play an 
even bigger role in the future with more technology, multimorbid patients, and 
complex healthcare settings (Johnson et al., 2019; O’Logbon et al., 2020; Uramatsu 
et al., 2017). 

When the patient is discharged from the hospital, the level of the patient’s 
awareness, knowledge, and emotions about the recovery should be individually 
considered in relation to patient education and empowerment. Patient characteristics, 
such as gender, age, educational status, immigrant/non-immigrant status, and health 
literacy rate, affect the informational needs of the patient (Hälleberg et al., 2018; 
Krupic et al., 2016; Wright et al., 2017). Women are found to have more expectations 
of education and knowledge regarding an upcoming surgical procedure (Rankinen 
et al., 2007; Mora et al., 2012), and their informational needs are not met as often as 
those of male patients (Study III).  
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Successful patient education can reduce pain, anxiety, and hospital stay, and 
decrease readmissions, reoperations, and patient discharges to post-acute care 
centers (Johansson et al., 2005; Kleiber et al., 2018; McDonald et al., 2014; Pelt et 
al., 2018). In Study III, the lack of a received level of knowledge was associated with 
the occurrence of surgical complications. Successful patient education requires 
sufficient staff resources, well-organized system processes and a good attitude of the 
staff (Aiken et al., 2012; Ha et al., 2010). In the literature, the benefits of preoperative 
education in terms of patient empowerment, self-efficacy, and the need for adjunct 
occupational therapy have been well documented (Zhang et al., 2012). Well-
organized patient education among hip and knee patients was seen in the high level 
of perceived knowledge compared to expectations in Study III.  

The overall quality of surgical care at Satakunta Central Hospital in southwestern 
Finland was evaluated as high or very high (Study IV). The patients who reported 
complications at 30 days after discharge evaluated lower overall quality already at 
discharge in both technical care (care-related activities and progress of the nursing 
process) as well as communication and interpersonal skills (support of patients’ 
empowerment strategies) (Study IV). Several studies have demonstrated a 
significant association between patient satisfaction scores and objective measures of 
technical, professional, or system process quality in surgery (Black et al., 2014; 
Doyle et al., 2013; Kennedy et al., 2014; O’Hara et al., 2018; Sacks et al., 2015). 
Patient-reported low quality has been associated with the presence of adverse events 
and medical errors (Taylor et al., 2008), readmissions within 30 days after discharge 
(Lobo Prabhu et al., 2018), and methicillin-resistant Staphylococcus aureus infection 
levels (Raleigh et al., 2009).  

Empowering patient education, together with healthcare staff empathy, and non-
technical and communication skills, has been associated with a high perception of 
quality and better treatment outcomes (Levinson et al., 1997; Mercer et al., 2002; 
Naidu et al., 2009; Rakel et al., 2009). In Study IV, lower estimated quality in 
‘support of patients’ empowerment strategies’ was associated with reported surgical 
complication rates. Shared information and patient participation have been 
associated with perceived good quality of care, whereas the pain and psychological 
distress of patients have been associated with lower patient satisfaction (Doyle et al., 
2013; Gröndahl et al., 2019; Mumford et al., 1982; Sitzia et al., 1997; Weingart et 
al., 2011). In Study IV, the lower perceived quality of care evaluated by the patients 
living alone or evaluating their state of health as poor, may reflect more the patients´ 
psychological distress, pain, or emotional needs. 

Healthcare staff empathy and communication skills have been associated not 
only with a high perception of quality but also with better treatment outcomes: 
clinician empathy, as perceived by patients with common cold, predicted subsequent 
duration and severity of illness and was associated with immune system changes 
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(Rakel et al., 2009; Sacks et al., 2015). Indeed, with any physical or biological 
intervention, patient information and empowerment should be seen as specific and 
individual interventions incorporated into the effectiveness of care (Malmivaara et 
al., 2022). In addition, they may conduct a placebo (or nocebo) effect, adding to the 
results (Malmivaara, 2018). Patient feedback reflects a patient’s unique experience 
of healthcare and can offer insights into hospital quality that would be unseen from 
other perspectives—such as the way a treatment, process, or interaction has made 
them feel and behave (Chow et al., 2009; Doyle et al., 2013). Patient satisfaction can 
be seen as an example of the perception of quality of care but may be more influenced 
by patient expectations (Sitzia et al., 1997; Sofaer et al., 2005). In Study IV, the 
patients who would have sought treatment elsewhere if it had been possible also 
evaluated the quality of care as lower, which may reflect expectations or 
preconceptions. 

During the period of Studies III and IV, approximately 1600 elective operations 
were performed within the three participating units. In Studies III and IV, there were 
many dropouts in patient questionnaires (participants: 468 eligible patients in Study 
III [in the first phase] and 436 in Study IV). Specific motivating procedures, 
telemedicine, and electronic questionnaires might help with data collection. 

Patient-reported outcomes are considered important but are, however, aberrant, 
and incomplete in their nature. Carayon et al. (2019) encouraged healthcare leaders 
to prioritize the actions, procedures, and policies that deliver the greatest value to 
direct patient care, which includes eliminating unnecessary clinician burdens and 
promoting professional well-being. This thesis suggests a shift in the efforts of 
quality measurement—structured and simple steps when possible, such as the 
registry described above—and resources toward the more requiring patient-obtained 
data. 

6.3.1 Patient Safety and Safety Culture 
Each operation carries a risk of surgical complications, either by the technical 
procedure itself or by anesthesia. The major preoperative patient safety procedure in 
surgery is to select the right patients in a timely manner for the right procedures, and 
not to expose a patient with an unnecessary risk. Clinicians in their normal daily 
work do assessment of the patients and possible surgery constantly. The first aim, 
according to Hippocrates, is to do no harm. When the surgical risk exceeds the 
benefits, it is wiser to withdraw from the operation.  

This thesis revealed some specific patient-derived risks for surgical 
complications that would be important to recognize preoperatively to carry out 
allocated actions. Those with a higher ASA class are already routinely screened by 
anesthesiologists, and preoperative planning and consideration of the operation in 
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general are routinely done already. Those with low nutrition levels would benefit 
from a special diet preoperatively, and the postponement of the operation should be 
considered when possible. Measuring the results of individual patient education and 
level of patient knowledge of the operation and postoperative care and providing 
support for those with special needs of education and empowerment might give 
better postoperative results.  

There was an initial purpose to study the patients in Studies III and IV for 
surgical complications, parallel with the questionnaires and data from the new EMR 
registry. However, this was impossible due to safety procedures (encryption of 
patients). In the future, it would be interesting to simultaneously study factors that 
were found to have an association separately in these studies, for example, the 
patient’s ASA class with those living alone (Study IV) and those with special needs 
for patient education (Study III) in relation to surgical complications and other 
outcomes.  

Surgical care comprises a combination of decision-making, team performance, 
communication, and technical skills (Sarker & Vincent, 2005; Pannick et al., 2016). 
Healthcare is noted to have much to learn from aviation safety-related domains: 
checklists, training, staff resource management, investigation, and reporting of 
incidents, and organizational culture (Kapur et al., 2015). Some such safety 
procedures in surgical processes are already in use, for example check lists (Helmiö, 
2013; Treadwell et al., 2014). Detecting surgical complications in an institution, as 
described in this thesis, is a good example of a safety procedure: institutional quality 
control and improvement will be difficult if the current state of performance is not 
followed.  

 Patient education is a good example of a patient safety procedure that can be 
studied through human factors: it requires professional staff, a good and supportive 
environment with structured work processes, standards, and feedback, actions to 
consider the special needs of patients, for example differences in culture, and 
resources (including staff recourse, patient education materials, and educating the 
new staff) (Johnson & Aggarwal, 2007; Kim, 2023). Staff knowledge in this area 
requires good leadership and staff education (Stone, 2008; Frith, 2019). 

Safety culture is about good safety attitudes in people, but especially about good 
leadership and safety management established by organizations (Dankelman & 
Grimbergen, 2005; IOM, 2000). From the organizational view, ‘psychological 
safety’ at healthcare units predicts engagement in quality improvement work and 
leads to better performing healthcare teams (Nembhart et al., 2006). Along with 
technological solutions, human-centered efforts should be the core of safety and 
quality improvement: the interplay between patient safety and staff well-being 
should be considered (Benishek et al., 2023; Carayon et al., 2019). An article by the 
US National Patient Safety Foundation in 2009 argued that to truly transform the 
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safety of healthcare, there is a need to address care integration, restore joy and 
meaning in work and ensure the safety of the healthcare workforce and promote 
consumer engagement in healthcare and transparency across the continuum of care 
(Gandhi et al., 2018; Leape et al., 2009).  

6.4 Methodological Considerations 
The strengths and limitations of the present study are discussed in the following 
chapters. 

6.4.1 Study Design 
A comprehensive systematic methodology was employed throughout Study I to 
minimize bias and error in the study selection, data extraction, and quality 
assessment phases. However, the possibility of publication bias cannot be excluded, 
since many surgical complication registries may be used only for hospital quality 
management and may not have been reported in the literature. 

 The strength of the register presented in Study II lies in its fundamental 
principles: it is integrated with the daily routine, requires little financial investment, 
encompasses several surgical specialties, and is based on an existing patient records 
system. It produces numerical data for statistical purposes. Furthermore, the 
system’s first results on complications and risk factors were consistent with the 
literature and showed that it can work. The validation of the process is not yet 
completed due to the low coverage rate (23%). This has been the challenge with all 
complication registers (Dindo et al., 2010). However, the overall complication rate 
of 17.6% in this report is in line with that of earlier reports (Tevis & Kennedy, 2013), 
which suggests that the potential selection bias has at least partly been compensated 
by the large size of the study population.  

 Although the Clavien–Dindo classification is a standardized system, it can be a 
little subjective, with an accuracy that ranges from 87% to 93%, according to the 
literature (Clavien et al., 2009). During the complication registry project in our 
hospital, some controversial and confusing topics arose among the staff, which were 
discussed as the process continued. The full potential of this type of register lies in 
the possibility of obtaining real-time data for a learning healthcare system. An ideal 
quality improvement registry would combine other quality measures with 
complications, such as administration data and PROMs. 
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6.4.2 Participants, Questionnaires, and Data Collection 
There are some strengths and limitations related to the data, instruments, and data 
collection in Studies III and IV. The samples involved one public central hospital in 
Western Finland, and the inclusion criteria in both studies for patients’ physical and 
mental ability to answer the questionnaires may have caused a selection bias. Studies 
III and IV were designed to be carried out in a ward setting. In retrospect, day surgery 
would have offered valuable data, since it is a growing aspect of surgery, and the 
role of patient education increases among day surgery patients. 

The strength of Studies III–IV resides in different disciplines of surgical patients 
during a long period (8 months), and in the study population, which was 
demographically and geographically confined. Therefore, the data can be considered 
representative. The survey instruments in Study III have been validated in several 
studies, and their internal consistency is good (KEHP Cronbach´s α = 0.84–0.93, 
RKHP Cronbach’s α 0.81–0.97, and total instrument Cronbach´s α 0.97). The quality 
survey instrument (GNCS-P) used in Study IV has been validated in several studies. 
It focuses on the quality of nursing and overall care in the unit. 

The patient education in Study III was performed traditionally: it is not 
specifically validated or audited together with any university hospital, and there is 
no technological device used to make sure the patient has understood what they have 
learned. This can be considered a limitation, especially in a research setting. Further, 
in Study III, the drop-out rate was high: both questionnaires (KEHP and RKHP) were 
completed by only 258 patients, which is considered a limitation. The KEHP 
questionnaire was sent by the preoperational interviewer nurse, accompanied by a 
letter of invitation to the hospital, to non-ambulatory adult patients (n=1600). The 
patients who were willing to participate in the study returned them anonymously at 
the time of hospital admittance (n = 468). Out of the 468 patients 258 returned the 
RKHP, which implies that patients need to be motivated to answer patient surveys. 

 In Study IV, the GNCS-P was completed by 378 in-ward patients. Post-
discharge complications were reported by the patients on the phone 30 days 
postoperatively. Patients’ subjective reports of any harm (mainly wound problems, 
gastrointestinal problems, psychological problems) were accounted for as 
occurrence of a complication, and subsequently, they were not evaluated or graded 
by the healthcare staff. The response rate to the follow-up telephone call was quite 
high (323 out of the 378 patients who had completed the questionnaire, 85%). 
However, there were 55 patients not answering the telephone call either due to 
contextual factors (i.e., patients not answering the phone from an unknown number), 
or the patient’s deteriorating health or even death. This would naturally affect the 
results of the study and is considered a limitation.  
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6.5 Future Prospects 

6.5.1 Hospital-wide Surgical Complications Registering 
System 

The hospital-wide registry described in this thesis represents a traditional study that 
relies on data that originates from one single source (EMR), being able to catch in-
hospital surgical complications across subspecialties. It is argued in this thesis, that 
the most predictive patient-derived risk factor for any surgical complication is the 
ASA value. However, a personal risk for certain interventions might be soon 
calculated by ML and AI groundbreaking predictive solutions: modern technology 
already offers ML models that, for example, predict the occurrence of hospital-
acquired complications, within distinct categories using temporal clinical data, such 
as genotype, phenotype, laboratory tests, and medication (Warner et al., 2016). The 
rising volume in data brings new challenges, such as privacy issues and “noisy data,” 
that is, the information that is not valuable or meaningful will make it more difficult 
to detect and integrate the meaningful data contents in relation to a specific domain. 
AI does not give meaning or value to data, at least for the time being. It is therefore 
important to maintain and improve comprehension on which data and knowledge are 
important and relevant in research. Moreover, modern technology requires major 
investment. There are many countries in the developing world that still do not use 
even the simplest electronic medical records. From these perspectives, even in the 
future, it is important to carry out traditional data-collecting methods together with 
possible AI solutions. 

There are also some practical restraints to technological solutions. As stated 
earlier, many complications occur after discharge from the hospital. For a long-term 
quality follow-up, the use of mobile devices can offer a tool to record minor post-
discharge complications or patient-reported outcomes, such as quality-of-life 
studies, among well-functioning patients. There is still, however, a major group of 
patients who do not use any technical devices. Major post-discharge complications 
might be caught by data mining, but this process requires extra resources and 
cooperation among different healthcare providers and authorities.  

To measure quality, the reliability of outcome measures would increase by using 
composite indicators that combine quality signals, such as outcomes from multiple 
or related procedures, length of stay, and reoperation rate (Merkow et al., 2013). 
Patient-reported experience and outcome measures (PREMs and PROMs) have 
emerged as essential parts of composite outcome measures. According to the 
literature, a future hospital network would consist of the patient, their caregivers, and 
the hospital devices, combining them to supply the relevant data while considering 
the whole patient process, from pre-hospital diagnostics and characteristics of the 
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operation to postoperative course and follow-up (Hannes et al., 2017). Before the 
future smart hospital network, an ideal ad hoc tool for measuring quality in a hospital 
could be created by combining and cross-linking costs, clinical data from the 
registry, administrative data (for example, readmissions), patient surveys, and data 
mining methods, with the ability to expand to reach non-surgical medical fields. 
Continuous feedback from such a tool in regular sessions would be beneficial for 
quality improvement in institutions and for investigating the complications to 
motivate the staff. In the future, it may be commonplace to show tranquility and 
report the outcomes and effectiveness of treatments in public hospitals in Finland as 
well. 

6.5.2 Future Research 
“The definition of quality may be almost anything anyone wishes it to be, although 
it is, ordinarily, a reflection of values and goals current in the medical care system 
and in the larger society of which it is a part” (Donabedian 1966).  

Surgical techniques, anesthesia interventions, and systems of care have improved 
over the years, and patients have benefited from the use of less invasive techniques 
and the increasing availability of complex operations (Pronovost & Freischlag, 
2010). This has brought new challenges: the efficacy of treatments, equity, and cost-
effectiveness emerge as crucial quality issues in the era of insufficient resources. 
This also brings new insights to quality research in the surgical field: better-quality 
care alone is not the answer. The focus must be on better value for individuals and 
populations by ensuring that every individual achieves high personal value and that 
the right people reach the service at the right time, as well as recalling the overuse 
and underuse of resources, programs, and interventions (Gray, 2016).  
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7 Conclusion 

Surgical complications can serve as a surgical quality measure, but there is no 
consensus on how they should be measured and reported. Hospital-wide surgical 
quality monitoring systems could offer equity and transparency for quality control, 
but such registers are rarely described. There is also a need for more comprehension 
of meaningful surgical quality assessments. This thesis focuses on understanding 
essential points within the ever-expanding quality data and describes an idea for real-
time outcome measuring within the surgical field that could be generated and 
expanded to other medical specialties, with appropriate metrics and indicators. The 
described complication registering system is cost-efficient, easy to set up, and does 
not require changes in the clinical processes. With a minimal set of parameters, the 
system can produce valid online numerical ready-to-use data, allowing continuous 
monitoring of the hospital’s surgical performance. 

 The surgical care process also encompasses domains that require the non-
technical skills of the staff, which can contribute to the incidence of surgical 
complications and quality of care. In this thesis, patient education and experience on 
quality were studied as such surgical safety and quality measures. Safety culture is 
about good safety attitudes in people, especially good leadership and safety 
management established by organizations (Dankelman & Grimbergen, 2005; IOM, 
2000).  

There are optimistic predictions of how AI and big data technology will enhance 
the assessment of real-world effectiveness and complications of surgery. However, 
considering the prerequisite of having valid data, there has been very little progress 
from the year 1911, when Ernest Codman presented his motto. Therefore, the main 
conclusion of this thesis is that hospital-wide registering systems for surgical 
complications are an urgent need. 
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