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The Setting

“Cardiovascular disease” includes diseases involving the blood vessels (major- and minor 
arteries) and the heart with its anatomical structures (myocardium, valves, coronary 
vessels)(1-4). Myocardial infarction, valvular disease and aneurysms of the aorta are the 
most frequent encountered pathologies today(5-11). 

A plethora of risk factors contribute to the chance of becoming affected by these diseases in 
a human life-time. Although some are fixed, such as gender, age or genetic profile, others are 
modifiable such as diet or daily exercise. In particular, life-style related habits such as smoking 
or poor dietary intake combined with inactivity leading to obesity, are important modifiable 
risk factors of the 20th and 21st century among others(1, 12, 13). Despite these risk factors 
becoming increasingly present in modern society, past discoveries on pharmaceutical and 
technical levels advanced cardiovascular healthcare to new heights, drastically improving 
survival of patients. 

The introduction of clinical electrocardiography by Willem Einthoven in 1901, the use of 
cardioprotective medication, cardiovascular surgery and percutaneous interventions have 
decreased mortality roughly from 50% in the 1950’s, down to 2% in 2020 in myocardial 
infarction patients alone(14, 15). 

The evaluation of novel treatments on clinical end-points has been studied in numerous 
retrospective-, prospective-, randomized- and meta-analytic studies over the years. 
Randomized- and meta-analytic study outcomes are perceived as the highest achievable 
level of scientific evidence in clinical care, and for that reason, used as the foundation of 
many clinical practice guidelines in daily cardiovascular care(16-18). 

The value of clinical care- and outcomes, as observed by the professional, can be defined 
through (for example) low mortality rates, fewer adverse events such as post-procedural 
bleeding, or medication-related side effects. Although important for patients’ survival 
and general health, this definition of value is rather one-dimensional in character, only 
seen from the professional’s point of view. It is questionable if a sole focus on this one-
dimensional view of value is enough to improve clinical care further. And more importantly; 
is the professional view equal to the patients’ perspective on value and health?
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Value of Health(care)
The definition of “health” by The World Health Organization (WHO) is “a state of complete 
physical, mental and social well-being and not merely the absence of disease or infirmity.” 
Three aspects of health are interchangeably linked; physical-, mental and social aspects of 
health(19).

First, physical health reflects the ability of individuals to maintain physiological homeostasis 
during changing conditions (“allostasis”), for instance an increase in heart rate when 
ascending stairs. Illness develops when physiological mechanisms fail during harmful 
circumstances, such as an increased thrombotic risk due to smoking, resulting in myocardial 
infarction. Second, mental health comprises of how individuals coherently manage and 
adapt to changing circumstances to improve their subjective well-being. And third, social 
health projects both physical and mental health aspects of life in general; how does one 
manage life when there is interaction with other living objects and environments(19). 

Healthcare interventions for patients, preventive or curative, have outcomes across all these 
aspects of health, establishing a personal level of ‘health’. 

Health(care) outcomes as stated by Porter, are equally multi-layered(20). The result of an 
intervention is not only ‘dead or alive’ (Tier 1) but also the occurrence of complications or 
return to daily life after clinical care (Tier 2) and the sustainability of health during life in 
general (Tier 3)(20). 

Healthcare professionals (both physicians and non-physicians) define “value” of an 
outcome, by comparing patient’s outcome to evidence-based studies (i.e. LDL-cholesterol 
levels lowered by 25% after one year of statin treatment). However, whether an outcome is 
positive or negative or deemed valuable, should be a combination of both the professional-, 
and patient’s perceived sense of ‘value’ regarding treatment and outcome. Although 
extensive treatment options have increased patient survival, the true challenge for 
cardiovascular science of the 21st century lies not merely in improving clinical outcomes as 
seen by the professional but equally the patient perspective on value across all three tiers. 

Value Based Healthcare
The focus on value in healthcare is embedded in the concept of ‘Value Based Healthcare’ 
(VBHC) as described by Porter and Teisberg, which has become a subject of growing interest 
in healthcare related research(20-24). In general, it attempts to transform care to become 
more ‘patient-centered’ and actively pursue the input of the patient in the development and 
design of healthcare. 
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VBHC attempts to prioritize the patients’ perspective of healthcare by “the creation and 
operation of a health system that explicitly prioritizes health outcomes which matter to 
patients, relative to the cost of achieving this outcome”(25, 26). 
Research in this domain questions foremost the relevance of certain evidence-based 
interventions and outcomes in regard to patient-specific health aspects and personal 
preferences. 

This approach differs greatly from cost-effectiveness studies, which primarily focus on costs 
and benefits of healthcare outcomes on a societal-, and healthcare sector level. VBHC studies 
asses outcomes on a patient-clinician level and adopt the patient perspective regarding 
health into the healthcare experience and what matters during the care process(27). 

The assessment of a patient’s perception of ‘health’ is crucial in VBHC research, primarily 
done via qualitative methods such as observations, interviews and questionnaires. The three 
C method is an example of this, which proposes that healthcare related outcomes consist of 
three personal dimensions; capability, comfort and calm(28). First, capability describes the 
ability of a patient to be themselves and do the things that define them as individuals. Second, 
comfort is the level of relief from physical and emotional suffering that often accompany 
illnesses. This not only encompasses physical pain but equally emotional distress or anxiety. 
And lastly, calm includes all that enables the ability to live normally while getting care, such 
as the freedom of ‘experienced chaos’ while getting extensive treatment regimens(28). By 
addressing the impact of an outcome on such personal levels, can ultimately increase the 
efficacy of experienced healthcare by creating a better understanding of the patient’s view 
on what is valuable during care(24).

It is difficult to obtain a comprehensive view on ‘valuable outcome’ for both the patient 
and professional in the clinical context of cardiovascular healthcare; a complex environment 
with multi-layered treatment options, extensive care tracks and outcomes across multiple 
tiers of personal health. Individual and subjective perspectives on the value of treatment 
and outcome are ever present among patient and professional, but it can be worthwhile to 
investigate these patterns systematically, to improve clinical care.

Value of Cardiovascular Healthcare
This thesis aims to systematically assess clinical cardiovascular care on a national and local-
hospital level, to increase the understanding of patterns of ‘value’ from both the patient,- 
and professional perspective. Ultimately to provide suggestions to modify and improve daily 
clinical care further. 
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First, cardiovascular patients are assessed on a national level using claims data. This data 
enables insight into clinical care patterns, but more importantly helps unravel if that which 
is perceived as valuable by the professional (i.e. guideline evidence), is truly applied in daily 
practice. Second, cardiovascular care on a local hospital level is qualitatively assessed via 
Human Factors (HF) science. 

As a novelty in clinical research and in line with VBHC, it helps to understand how the patient 
and professional experience healthcare within a certain context.

Claims Databases

After receiving in-hospital treatment, patients’ financial claims are sent to  healthcare 
insurance companies and subsequently collected in central databases. Extensively validated, 
this ‘real-world’ data is a unique and accessible source to analyze healthcare usage patterns 
in cardiovascular patients(29-32). It uncovers which real world, evidence based choices are 
made by professionals treating patients.

Part I of this thesis describes how this type of data was used to understand treatment of 
myocardial infarction patients on a national level, regarding two paramount therapeutic 
pillars; revascularization and secondary preventive medication use. The goal is to gain 
perspective of national treatment patterns of ST elevation myocardial infarction (STEMI) and 
non-ST elevation myocardial infarction (NSTEMI) patients in regard to common treatment 
guidelines. A key question is, if recommended evidence based treatments (=value) are 
equally found in real world patterns? 

Chapter II describes a study using claims data which aimed to find modifiable factors in the 
treatment of Dutch NSTEMI patients in 2015 by assessing revascularization- and secondary 
preventive medication patterns in these patients. 

Chapter III describes a study which aimed to find modifiable factors in STEMI-, and NSTEMI 
care regarding revascularization and secondary preventive medication use among patients 
of different socioeconomic classes by combining claims data with governmental data on 
income and education.
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Human Factors Science

Human Factors (HF) science, at the intersection of psychology, biology and engineering, 
poses an interesting field to shape VBHC research in cardiovascular care. It assesses human 
performance on the physical and cognitive level in complex systems to promote safety and 
efficiency(33). HF science originally emerged during the second world war. As a theoretical 
discipline developed by the United States Navy, it provided a framework to assess crew 
performance and the effect of it on naval warfare and air-combat(34). Following this, HF 
science found its way into industries heavily relying on human performance such as aviation 
and off-shore industries. 

As of the early 2000’s, HF science has become an accepted discipline in healthcare, providing 
a systems approach to design healthcare, improve patient safety and quality of care(35). First 
described in the ‘To Err is Human’ manifest of 1999 by Kohn(36), HF research has evolved over 
the past 20 years into a theoretical and practical framework to understand healthcare work 
and the effect on outcomes(37-39). In healthcare, HF science is applied for two purposes: i) 
reducing the cognitive and physical load of professionals and ii) promoting safe, efficient and 
high quality care to patients(33, 39). To improve care, it focusses on the concept that patient 
care is more than just a single encounter or task, but a journey/experience across multiple 
care-givers and organizations(40, 41). The core method involves a human centered design 
approach or; assessment of humans (patient and professional) in healthcare through series 
of extensive observations and interviews, understanding daily work, stakeholders’ roles 
and their key interactions with tools and environments (42). Eventually visually mapping 
this as a patient and/or professional experience(38, 43). Importantly, it highlights patient-
professional interaction to the organizational level and vice versa. 

As this provides direction to improve safety of clinical care, the World Health Organization 
(WHO) added elements of HF science to the foundation of the Patient Safety Curriculum(44).  
HF science provides an interesting addition to VBHC research to understand what is valuable 
for a patient in the healthcare experience. It structurally assesses the patient within the 
healthcare environment and the patient-professional interaction with attention to personal 
aspects of delivered care on outcomes. This enables an empathic understanding of how a 
patient perceives a certain care track when treated for specific disease(24).

In this thesis, it is discussed how HF science with a focus on the patient-professional 
experience/journey, can contribute to cardiovascular research by evaluating the patient 
and professional perspective of value in clinical care. Ultimatly to improve this further in a 
meaningful way. To illustrate this novel approach, several example studies are discussed in 
Part II of this thesis. 
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Chapter IV is an editorial which addresses the potential benefit of HF science in clinical 
cardiovascular research of myocardial infarction patients. Chapter V focusses on 
interprofessional collaboration during complex aortic surgeries. 

A HF aviation questionnaire was used to assess teamwork and the perceived safety climate 
during these procedures among physicians and support personnel, ultimately to improve 
patient safety and care during surgery. 

Chapters VI and VII give an overview of the utilization of a HF design approach to tackle 
a clinical problem; educating myocardial patients on the importance of statins. The 
development, design and implementation of a Mixed Reality (MR) statin education model 
is described with a focus on patient participation and statin education. Chapter VIII utilizes 
a similar HF design approach with patient participation to assess the acceptability and 
feasibility of a Virtual Reality (VR) pre-cardiac catheterization application for patients in 
the outpatient setting. Finally, chapter IX provides a summary of this thesis, as well as a 
discussion of the results and an appraisal of the future perspectives regarding Value Based 
Healthcare in cardiovascular research.
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Abstract

Aim
To analyse NSTEMI care in the Netherlands and identify modifiable factors to improve 
NSTEMI healthcare.

Methods
This retrospective cohort study analysed hospital and pharmaceutical claims data of all 
NSTEMI patients in the Netherlands in 2015. The effect of PCI during hospitalisation on 
1-year mortality was investigated in the cohort alive 4 days after NSTEMI. The effect of 
medical treatment on 1-year mortality was assessed in the cohort alive 30 days after NSTEMI. 
The effect of age, gender and co-morbidities was evaluated. PCI during hospitalisation was 
defined as PCI within 72 hours after NSTEMI and optimal medical treatment was defined 
as the combined use of an aspirin specie, P2Y12-inhibitor, statin, beta-blocker and ACE-
inhibitor/AT-2-receptor blocker, started within 30 days after NSTEMI.

Results
Data from 17,997 NSTEMI patients (age 69.6(SD=12.8) years, 64% male) were analysed. In 
patients alive 4-days after NSTEMI, 43% of patients had a PCI during hospitalisation and 
1-year mortality was 10%. In the cohort alive 30-days after NSTEMI, 47% of patients had 
optimal medical treatment at 30-days and 1-year mortality was 7%. 
PCI during hospitalisation (OR 0.42; 95%CI 0.37-0.48) and optimal medical treatment (OR 
0.59; 95%CI 0.51-0.67) were associated with a lower 1-year mortality.

Conclusion
In Dutch NSTEMI patients, use of PCI during hospitalisation and optimal medical treatment 
is modest. As both are independently associated with a lower 1-year mortality, this study 
provides direction on how to improve NSTEMI healthcare quality in the Netherlands.
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Abbreviations

ACE-/AT2-inhibitors	� Angiotensin Converting Enzyme / Angiotensin II receptor 
-inhibitors

CI			   Confidence Interval
DBC 			   Diagnose Behandel Combinatie 
DIS 			   DBC Informatie Systeem
GIP			   Geneesmiddelen Informatie Project
NSTEMI			   Non ST-elevation Myocardial Infarction
OR			   Odds Ratio
PCI			   Percutaneous Coronary Intervention
P2Y12			   Thienopyridine receptor blockers
SMD			   Standardized Mean Difference
STEMI			   ST-elevation Myocardial Infarction
ZINL			   Zorginstituut Nederland
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Introduction

Improvements in early recognition and revascularisation significantly decreased mortality 
after myocardial infarction over the last decades(1-3). This reduction in mortality, however, 
is especially achieved in ST-elevation myocardial infarction (STEMI) patients. Unfortunately, 
non ST-elevation myocardial infarction (NSTEMI) mortality rate did not decline over the last 
years (4, 5). 

Most recent European and American guidelines emphasize that the use of an early invasive 
strategy,  as well as optimal medical therapy contribute to a better long term  survival 
after NSTEMI (both evidence class 1, level A)(2, 3, 6). The European guidelines  even 
indicate  them  as  performance measures  of  NSTEMI-care, based on various  large meta-
analyses and randomized controlled trials(7, 8). Recently, Hall et al. demonstrated that 
optimal use of guideline-indicated care for NSTEMI was associated with greater survival 
gain(9). However, in Hall’s study the adherence rate was suboptimal indicating that survival 
can potentially be improved. 

This recent study illustrates that large-scale monitoring of guideline indicated care 
adherence is crucial to provide insight on how to improve NSTEMI care, ultimately resulting 
in improved survival. 

The National Healthcare Institute (Zorginstituut Nederland, ZINL) has an advisory role to 
the Dutch government with the primary objective to improve Dutch national healthcare. 
For this purpose, ZINL has access to all Dutch patients’ claims data in the Netherlands. The 
use of these claims data has been proven to reflect the real clinical data and to be correct 
and adequate in prior studies(10-12). The current study is performed in close collaboration 
with ZINL and aims to analyse NSTEMI care in the Netherlands and identify modifiable 
performance factors to analyse and improve the quality of NSTEMI healthcare in the 
Netherlands.
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Methods

Hospital claims are sent to patient’s insurance companies and subsequently collected in the 
central database of the insurance companies in the Netherlands. The use of this type of data 
has been validated in previous studies(11). The National Healthcare Institute has access to 
both clinical- and pharmaceutical claims databases and can access data on a patient level, 
which can be linked but is anonymous (Figure 1).

Study Population
This is a retrospective cohort design study. Three cohorts were used for analysis, as shown 
in Figure 2. 
•	 �The entire study cohort comprises all Dutch patients above 18 years old who were 

admitted with a NSTEMI (diagnosis code 0320.11.205) in 2015. Only the first infarction 
during the study period was used for analysis. Patients who died on the first day of 
admission with the diagnosis of NSTEMI were excluded, in order to evaluate the effect 
of the different treatments. 

•	 �A sub-cohort, “NSTEMI-4days alive”, comprises all patients alive 4 days after NSTEMI. 
This cohort was used to evaluate the effect of PCI during hospitalisation on 1-year 
mortality. 

•	 �A second sub-cohort, “NSTEMI-30 days alive”, comprises all patients alive 30 days after 
NSTEMI. This cohort was used to evaluate the effect of medication use at 30 days on 
1-year mortality. 

Outcome Measures: Baseline Characteristics
Age, gender, co-morbidities and 1-year mortality were evaluated for all patients alive 
at 4 days and 30 days. For each patient, the absence or presence of diabetes mellitus, 
hypercholesterolemia and obstructive pulmonary disease (COPD/asthma) at the time of 
infarction was determined based on medication use, 180 days before admission. Diabetes 
mellitus was defined as use of glucose lowering medication (code A10XX, oral antidiabetics 
or insulin), hypercholesterolemia as  use of any form of cholesterol lowering medication 
(code C10XX, all forms of cholesterol lowering medication) and obstructive pulmonary 
disease as use of any inhalation medication (code R03XX, all forms of inhalation medication). 

These types of medication had to be used at least 180 days prior to the admission to qualify 
a patient as having the specified comorbidity.
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Extraction of:
DBC NSTEMI (0320.11.205)

ZINL
Dutch healthcare insurance 
companies

Figure 1: Data collection.
All healthcare claims from the Dutch healthcare insurance companies are stored and collected by the National 
Healthcare institute (ZINL). This includes hospital claims data as well as pharmacy claims data. Dara are available 
for analysis when approved (Figure 1). From each dataset from different years, the claims for NSTEMI -care can be 
collected for all patients (Figure 2) but also specific patient cohorts.

Total infarction population 2015: 
30,240 patients

Total NSTEMI: 
17,997 patients

Alive 30 days after 
NSTEMI: 

17,329 patients
Analysis: optimal 

medical treatment

Alive 4 days after 
NSTEMI: 

17,816 patients
Analysis: PCI use

Death:
181 patients

Death:
487 patients

Figure 2: NSTEMI patient cohort.
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PCI Treatment
In the “NSTEMI-4days alive” cohort, the effect of PCI within 4 days of the diagnosis on 
mortality was evaluated (figure 2) in all patients alive at 4 days. The cut-off of 4 days was 
based on European and American guidelines which recommend an invasive strategy, 
meaning coronary angiography, within the first 72 hours, which is the acute or semi-acute 
phase of the infarction. (6, 13). PCI at a later moment for instance after 7- or 30 days , were 
not analyzed as this was not deemed ‘acute phase’ of the NSTEMI.

Optimal Medical Treatment
In the “NSTEMI-30 days alive” cohort, the effect of complete optimal medical treatment on 
mortality was evaluated (figure 2). Optimal medical treatment after NSTEMI was defined 
as the combined use of an aspirin specie, a P2Y12- inhibitor, a statin, a beta-blocker and 
an ACE-/AT2-inhibitor. Fulfilled prescriptions of each of these were collected from the 
pharmacological database (GIP database). 

Statistical Analysis
Data are presented as absolute numbers and as a proportion of the total population. 
Proportion comparisons were done by a X2

 test. Multivariate logistic regression analysis 
was done to understand the relation between 1-year mortality as dependent variable and 
independent variables: gender, age, diabetes, hypercholesterolemia, obstructive pulmonary 
disease, PCI treatment and optimal medical treatment use.  To assess the relation of 
treatment (PCI/optimal medical treatment) and 1-year mortality, propensity score matching 
was applied. 

Statistics: Propensity Score Matching
Patients were matched 1-to-1 using caliper matching. This procedure ensures an optimal 
balance of covariates between the treatment and the reference group. Age, gender and 
co-morbidities were analyzed as risk factors and used for matching. When assessing 
effectiveness of PCI and optimal medical treatment, interference of the added effect of the 
other (respectively optimal medical treatment or PCI when assessing the effect of optimal 
medical treatment) was unwanted and thus corrected for in all propensity score analyses. 
With propensity score matching a treatment and a reference cohort were created with a 
comparable load of risk factors. 

Matching was done specifically for PCI and a second time specifically for optimal medical 
treatment. (Appendix A). Statistics were done with R statistical program version 3.3.2 (x64), 
R packages MatchtIt and tableone and SAS™ (SAS Institute, Cary, NC, USA.). For all tests, a 
P-value <0.05 was considered statistically significant. 
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Ethical Considerations
This research uses pseudo anonymous and encrypted patient data. Dutch law states that 
prior ethical review and approval is not necessary. 

Results

Study Population
In 2015, a total of 30,240 myocardial infarction patients were admitted to Dutch hospitals. 
In 60% of them it concerned NSTEMI patients (N=17,997). Average age was 69.6 (SD=12.8) 
years. In total, 64% of the NSTEMI patients were male and 1-year mortality was 11% (Table 
1)

In the first 4 days 181 patients died. The sub-cohort of “NSTEMI-4days alive” consisted of 
17,816 patients (Table 1, NSTEMI 4 days). Average age was 69.5 (SD=12.7) years with 64% 
being male and 1-year mortality in this cohort was 10%.

Additionally, in the following 26 days 487 patients died. This sub-cohort, “NSTEMI-30 days 
alive” consisted of 17,329 patients (Table 1, NSTEMI 30 days). Average age was 69.2 (SD=12.7) 
years, with 64% being male. The 1-year mortality in this cohort was 7%. Co-morbidities were 
frequent in all cohorts, and equally distributed (P=NS, table 1). 

Table 1. Patient Characteristics

NSTEMI NSTEMI 4 days NSTEMI 30 days P-value

Total patients (N) 17,997 17,816 17,329  

Age (average, SD) 69.6(12.8) 69.5(12.7) 69.2(12.7) NS

Male (N, %) 11,518(64%) 11,388(64%) 11,089(64%) NS

Diabetes (N, %) 3,779(21%) 3,765(21%) 3,610(21%) NS

Hypercholesterolemia (N, %) 7,739(43%) 7,632(43%) 7,375(43%) NS

Obstructive Pulmonary disease (N, %) 2,880(16%) 2,793(16%) 2,691(16%) NS

1-year mortality 1,980(11%) 1,781(10%) 1,285(7%) <0.001

NSTEMI = total non ST-elevation myocardial infarction population.
NSTEMI 4 days = non ST-elevation myocardial infarction patients alive at 4 days.
NSTEMI 30 days = non ST-elevation myocardial infarction patients alive at 30 days.

PCI Treatment (NSTEMI-4days alive)
In the “NSTEMI-4days alive’ sub cohort (N= 17,816), PCI within the first 72 hours (3 days) 
was performed in 43% of patients. Of interest, PCI treatment was performed in 35% of the 
female NSTEMI patients as compared to 47% of the male NSTEMI patients (P<0.001). 
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Medication Use (NSTEMI-30 days alive)
Table 2 displays medication use at 30 days in the “NSTEMI-30 days alive” cohort (N=17,329). 
In this subgroup, the percentage of patients with complete “optimal medical treatment” 
was 47% at 30 days. Aspirin-specie use was 91%, P2Y12-inhibitors use 76%, statin use 85%, 
bètablocker use 74% and ACE/AT-2 inhibitor use 75%. 

Effect of PCI on Mortality (NSTEMI-4days alive)
Table 3 displays the predictors of 1-year mortality in the “NSTEMI-4days alive” cohort 
(N=17,816). The following predictors add significantly to increased mortality: increasing age 
(OR 1.09; 95% CI 1.08-1.09), male gender (OR 1.27; 95% CI 1.14-1.42), diabetes mellitus (OR 
1.51; 95% CI 1.34-1.70), and obstructive pulmonary disease (OR 1.52;  95% CI 1.37-1.71). 

Noticeably, PCI treatment within 4 days (OR 0.42; 95% CI 0.37-0.48) is associated with a 
substantial lower 1-year mortality. 

Table 2. NSTEMI-30 days alive cohort:  medication use at 30 days.

Total complete optimal medical treatment use   8,144(47%)

Aspirin species 15,769(91%)

P2Y12-inhibitor 13,170(76%)

Statin 14,729(85%)

Bètablocker 12,823(74%)

ACE/AT-2-inhibitor   12,996(75%)

ACE/AT-2 = angiotensin converting enzyme/ angiotensin II -receptor inhibitor; 
NSTEMI-30 days = non ST-elevation myocardial infarction alive at 30 days.

Table 3. Multivariate logistic regression of predictors of 1‑year mortality in the subcohort of non-ST-elevation 
myocardial infarction patients alive at 4 days.

Factor     Odds ratio 95%-confidence interval P-value

Age (increase by 1 year) 1.09 1.08-1.09 <0.001

Male gender 1.27 1.14-1.42 <0.001

Diabetes mellitus 1.51 1.34-1.70 <0.001

Hypercholesterolemia 1.11 0.99-1.23 NS

Obstructive Pulmonary disease 1.52 1.37-1.71 <0.001

PCI during hospitalisation 0.42 0.37-0.48 <0.001

NSTEMI = non ST-elevation myocardial infarction; PCI = percutaneous coronary intervention
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Table 4. Multivariate logistic regression of predictors of 1‑year mortality in the subcohort of non ST-elevation 
myocardial infarction patients alive at 30 days.

Factor   Odds ratio 95%-confidence interval P-value  

Age (increase by 1 year) 1.08 1.08-1.09 <0.001

Male gender 1.21 1.07-1.37 <0.01

Diabetes mellitus 1.54 1.34-1.76 <0.001

Hypercholesterolemia 1.23 1.08-1.39 <0.01

Obstructive Pulmonary disease 1.61 1.40-1.85 <0.001

Complete optimal medical treatment 0.59 0.51-0.67 <0.001

PCI during hospitalisation* 0.52 0.45-0.60 <0.001  

NSTEMI = non ST-elevation myocardial infarction; PCI = percutaneous coronary intervention

* = In the patients alive at 30 days, the effect of PCI within 3 days was equally calculated to correct for it and to 

use this variable in propensity score matching (see Methods section)

Effect of Medication on Mortality (NSTEMI-30 days alive)
Predictors for 1-year mortality in the “NSTEMI-30 days alive” sub cohort (N=17,329) are 
shown in Table 4. In line with the entire study cohort, the following predictors add significantly 
to increased mortality: increasing age (OR 1.08; 95% CI 1.08-1.09), male gender (OR 1.21; 
95% CI 1.07-1.37), diabetes mellitus (OR 1.54; 95% CI 1.34-1.76), hypercholesterolemia 
(OR 1.23; 95% CI 1.08-1.39) and obstructive pulmonary disease (OR 1.61;  95% CI 1.40-
1.85). Importantly, complete “optimal medical treatment” (OR 0.59; 95% CI 0.51-0.67) is 
associated with a substantial lower 1-year mortality. 

Propensity Score Matched Cohort 
Propensity score matching was performed in both cohorts; 14,364 patients could be matched 
in case of PCI and 13,038 patients could be matched in case of optimal medical treatment. 
After matching the standardised mean differences (SMDs) of nearly all covariates was less 
than 0.1. 

The effect of PCI and the effect of optimal medical treatment, when compared with a 
reference group with a nearly identical mix of covariates, was significant (p < 0.001), stressing 
that both PCI treatment within 4 days and optimal medical treatment are both significantly 
associated with increased survival for the Dutch NSTEMI population (Appendix A). 
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Discussion 

The current study analyses NSTEMI care in the Netherlands through hospital and 
pharmaceutical claims data. The main findings can be summarized as; NSTEMI patients are 
predominantly older, male patients. The use of PCI within 4 days of hospitalisation and “ 
complete optimal medication treatment-use” within 30-days after NSTEMI is both modest, 
but both significantly lower 1-year mortality in these patients. Non-use of both factors is 
independently associated with increased mortality, which suggests that through present 
study, NSTEMI healthcare quality can be improved in the Netherlands. 

The current call for awareness for a wider use of PCI within 4 days of admission after 
NSTEMI and “optimal medical treatment-use” is in line with the recommendations in the 
ESC guidelines(3). Furthermore, it is congruent with a recently published study by Hall et 
al. analyzing over 400,000 hospital survivors of a NSTEMI in England and Wales, in order 
to investigate whether improved survival associated with the use of NSTEMI guideline-
indicated treatments(9). 

In this somewhat older cohort (2003-2013), Hall et al. demonstrate that guideline-indicated 
treatment is associated with improved survival that persisted over the longer term. An 
invasive coronary strategy was found to have the most comprehensive and persistent impact 
on survival. This is consistent with the finding of the current study where PCI treatment for 
NSTEMI substantially reduces 1-year mortality with an OR of 0.42. 

A potential argument for non-use of PCI in NSTEMI patients in daily practice may be that 
the beneficial effect of PCI is less in the elderly with more comorbidities and complications 
are more prominent in this group. Interestingly, Couture et al. found that especially in older 
patients with more comorbidities a more invasive strategy should be considered (14). With 
the NSTEMI cohort in our study having a similar profile and low PCI rate, this can be an 
important finding to improve on in the Netherlands. This issue was indeed also raised in a 
very recent registry by Hoedemaker et al. evaluating treatment patterns of NSTEMI patients 
in 23 non-PCI centers in the Netherlands. 

In this registry, the majority of high risk patients underwent angiography at a non-PCI center. 
Despite guideline recommendation only a quarter of these high risk patients was transferred 
to a PCI center within 1 day(15). 

Apart from early PCI, the present study also underlines the importance of “optimal medical 
treatment-use” implemented within 30 days after NSTEMI. Where Hall et al reported on 
recipes at discharge, the current study reveals which medication is collected at pharmacies 
up to 30 days after NSTEMI. 
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Since primary non-adherence of prescribed medication has reported to be very common in 
patients with ischemic heart disease(16), we think that the current results provide additional 
insight in the significance of secondary prevention medication use after NSTEMI, especially 
since mortality differences were already observed within the first year. Accordingly, a 
conjoint effort of cardiologists and patients is warranted to improve medication adherence 
after NSTEMI.

The current study confirms the findings by Hall et al and extends them to the entire Dutch 
population with additional insights in the impact of secondary prevention medication truly 
collected at pharmacies. Interestingly, the method of data collection substantially differs 
between the two studies. In particular, Hall et al reported on data gathered from national 
clinical audits. 

Data collection for audits, however, is time consuming and expensive. We want to stress 
the need for new effective ways of evaluating healthcare as a key element in healthcare 
innovation. The use of claims data has been proven correct and adequate in prior studies(10, 
11). National claims data provide a good representation of “the real world setting” in contrast 
to the common single centre registries in NSTEMI studies(17-22). Furthermore, it has the 
advantage of coming with a low administrational load, costs, an absence of reporting bias 
and it provides easy follow-up of patients being treated in more than one hospital.

Some limitations should nonetheless be considered when interpreting the results. First the 
study uses a non-randomized design with observational data. The addition of propensity 
score matching however, strengthens the results(23). 

Second, this study only assessed PCI treatment in the acute phase of the infarction; an effect 
of PCI on mortality after the acute phase of NSTEMI was not calculated. Identically, the 
effect of bypass surgery (CABG) on mortality after NSTEMI was not calculated. Third, the 
level of clinical detail is limited such as completeness of revascularization or infarct size. 
Common used risk scores (e.g. Global Registry of Acute Coronary Events (GRACE) risk score) 
cannot be applied as well. Potentially there could have been a bias from patients, registered 
as NSTEMI, who did not meet all the criteria of myocardial infarction and therefore should 
have been classified as unstable angina. For our study we however rely on the correctness 
of registration of Dutch cardiologists. Equally, used definitions for comorbidities are only 
determined through medication use prior to the infarction and not clinical data. Equally, 
used definitions for comorbidities are only determined through medication use prior to the 
infarction and not clinical data. Likewise, clinical details on differences between male and 
female PCI rates lack from financial claim data. Fourth, although mortality data are available, 
the cause of death is not specified. Fifth, the pharmaceutical claims data only represent the 
collected medication, not the consumed medication. 
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Furthermore, it remains unclear if medication was contra-indicated or not prescribed. And 
lastly, further randomized trials are needed to validate the healthcare benefit of PCI during 
hospitalization and optimal medical treatment.

Future perspectives
The use of financial claims data in the medical field is a relatively novel and modern way 
of analyzing healthcare. It provides insight in where healthcare quality can be improved, 
both for clinicians and patients as well as for healthcare managers, insurance companies 
and policy makers on a national level. Particular attention should go to a wider use of PCI 
within 4 days of admission for NSTEMI as well as to patient, doctor and financial factors 
contributing to medication adherence. Financial claims data can again be used to monitor 
the impact of such initiatives.

Conclusion

The present study analyzed hospital and pharmaceutical claims data of more than 17,000 
NSTEMI patients in the Netherlands. PCI use during hospitalization and “optimal medical 
treatment” both are moderately applied in this patient group but are independently 
associated with a lower 1-year mortality. 

These findings importantly suggest that attention for a wider use of PCI during 
hospitalization and particular attention for “optimal medical treatment” prescription by 
cardiologists and its use by patients, may substantially improve outcome after NSTEMI. 
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Appendix A:  propensity score matching for PCI during 
hospitalisation and complete optimal medical treatment-use.

Part 1: PCI
To assess the effect of PCI during hospitalisation on 1-year mortality, a treatment (PCI) and 
a reference group with an identical balance of covariates were created. This was done by 
calculating propensity scores with the R programming language and logistic regression on 
covariates: age, gender, use of diabetes mellitus medication in year before NSTEMI, use 
of medication for obstructive pulmonary disease in the year before NSTEMI and use of 
medication for hypercholesterolemia in year before NSTEMI.

With the R package ‘MatchIt’ patients were matched 1:1 based on corresponding propensity 
scores and a caliper of 0.9. Of the patients, 14,368 were matched. After matching the 
histograms of propensity scores of optimal medical treatment and reference group were 
nearly identical. 

With the R package ‘tableone’ we checked if standardized mean differences (SMD) between  
the PCI and the reference group were comparable. Before propensity score matching 
(unadjusted table), age and sex were unevenly distributed between the reference and 
PCI group. After propensity score matching (adjusted table), all variables were evenly 
distributed; nearly all SMDs were < 0.1.
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Unadjusted (before propensity scoring) Reference Group PCI group SMD

Patients (N=) 10,172 7,644

Age (Mean (SD)) 71.69(12.91) 66.48(11.89) 0.420

Male (Mean(SD)) 0.59(0.49) 0.71(0.46) 0.243

Diabetes Mellitus (Mean(SD) 0.23(0.42) 0.19(0.39) 0.109

Hypercholesterolemia (Mean(SD)) 0.46(0.50) 0.39(0.49) 0.129

Obstructive Pulmonary Disease (Mean(SD)) 0.18(0.38) 0.13(0.34) 0.121

Adjusted (after propensity scoring) Reference Group PCI group SMD

Patients (N=) 7,184 7,184

Age (Mean (SD)) 67.87 (12.29) 67.54 (11.40) 0.028

Male (Mean(SD)) 0.69 (0.46) 0.70 (0.46) 0.021

Diabetes Mellitus (Mean(SD) 0.20 (0.40) 0.19 (0.39) 0.034

Hypercholesterolemia (Mean(SD)) 0.42 (0.49) 0.41 (0.49) 0.018

Obstructive Pulmonary Disease (Mean(SD)) 0.14 (0.35) 0.13 (0.34) 0.026

With a paired T test we evaluated the effect difference on 1-year mortality. The effect 
difference of PCI treatment was significant (P < 0.001). Effect size: In this total group of 
14,368 matched patients, the 1-year mortality was 7.7%. In the PCI group 1-year mortality 
was 4.6%, in the reference group 1-year mortality was 10.9%.
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Part 2: Complete optimal medical treatment (OMT)
To assess the effect of complete optimal medical treatment on 1-year mortality, a treatment 
(optimal medical treatment) and a reference group with an identical balance of covariates 
were created. This was done by calculating propensity scores with the R programming 
language and logistic regression on covariates: age, gender, use of diabetes mellitus 
medication in year before NSTEMI, use of  medication for obstructive pulmonary disease in 
the year before NSTEMI, use of medication for hypercholesterolemia in year before NSTEMI 
and PCI during hospitalisation.

With the R package ‘MatchIt’ patients were matched 1:1 based on corresponding propensity 
scores and a caliper of 0.5. Of the patients, 13,456 were matched. After matching the 
histograms of propensity scores of (optimal medical treatment) treatment and reference 
group were nearly identical. 
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With the R package ‘tableone’ we checked if standardized mean differences (SMD) between 
the optimal medical treatment and the reference group were comparable. Before propensity 
score matching, noticeably patients with hypercholesterolemia and having had a PCI during 
hospitalisation were unevenly distributed amongst the reference and OMT group. After 
propensity score matching,  nearly all SMDs for used variables were < 0.1.

Unadjusted (before propensity scoring) Reference Group OMT group SMD

Patients (N=) 9,303 8,026

Age (Mean (SD)) 70,07(13.03) 68.11(12.23) 0.156

Male (Mean(SD)) 0.62(0.49) 0.67(0.47) 0.102

Diabetes Mellitus (Mean(SD) 0.18(0.39) 0.24(0.43) 0.137

Hypercholesterolemia (Mean(SD)) 0.35(0.48) 0.51(0.50) 0.323

Obstructive Pulmonary Disease (Mean(SD)) 0.16(0.37) 0.15(0.36) 0.036

PCI during hospitalisation (Mean(SD)) 0.33(0.47) 0.57(0.50) 0.497

Adjusted (after propensity scoring) Reference Group OMT group SMD

Patients (N=) 6,728 6,728

Age (Mean (SD)) 69.32 (12.40) 68.01 (12.59) 0.105

Male (Mean(SD)) 0.64 (0.48) 0.65 (0.48) 0.004

Diabetes Mellitus (Mean(SD) 0.21 (0.41) 0.23 (0.42) 0.054

Hypercholesterolemia (Mean(SD)) 0.47 (0.50) 0.44 (0.50) 0.068

Obstructive Pulmonary Disease (Mean(SD)) 0.16 (0.36) 0.16 (0.37) 0.011

PCI during hospitalisation (Mean(SD)) 0.45 (0.50) 0.49 (0.50) 0.075

With a paired T test we evaluated the effect difference on 1-year mortality. The effect 
difference of optimal medical treatment was significant (P < 0.001). Effect size: In the total 
group of 13,456 matched patients, the 1-year mortality was 6.7%. In the optimal medical 
treatment group it was 5.1% and in the reference group it was 8.6%.
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Abstract

Background
Claims data have not yet been used to study outcome differences between low and high 
Socio Economic Status (SES) patients surviving ST elevation myocardial infarction (STEMI) 
and non-ST elevation myocardial infarction (NSTEMI).

Objective
To evaluate STEMI and NSTEMI care among patients with low and high SES in the referral 
area of three Dutch percutaneous coronary intervention (PCI) centres, using claims data as 
a source.

Methods
STEMI and NSTEMI patients treated in 2015-2017 were included. Patients’ SES scores were 
collected based on ZIP-code via an open access government database. In low (SES1) and 
high (SES4) patients, revascularisation strategies and secondary prevention medication 
were compared. 

Results
2,022 SES1 patients (age 68±13 years, 58% NSTEMI) and 1,635 SES4 patients (age 68±13 
years, 63% NSTEMI) were included. PCI use was lower in SES1 compared to SES4 in both 
STEMI (80% vs 84%, p<0.012) and NSTEMI (42% vs 48%, p<0.002). 

CABGs were performed more often in SES1 compared to SES4 in both STEMI (7% vs 4%, 
p=NS) and NSTEMI (11% vs 7%, p<0.001). Optimal medical therapy use in STEMI patients 
was higher in SES1 compared to SES4 (52%  vs 46%, p=0.01); among NSTEMI this was 
comparable (39% vs 40%, p=NS). One-year mortality was comparable between SES1 and 
SES4 in STEMI (14 vs 16%, p=NS), and NSTEMI (10% vs 11%, p=NS).

Conclusion
Combined analysis of claims data and area specific socioeconomic statistics can provide 
unique insight on how to improve myocardial infarction care for low and high SES patients. 



III

STEMI AND NSTEMI CARE ON REGIONAL LEVEL	 43

Abbreviations

ATC		  Anatomic Therapeutic Chemical code
CABG		  Coronary Artery Bypass Graft
DDD		  Daily Defined Dosage
NSTEMI		  non-ST elevation myocardial infarction
OMT		  Optimal Medical Therapy
PCI		  Percutaneous Coronary Intervention
SCP		�  The Netherlands Institute for Social Research (Sociaal en Cultureel 

Planbureau)
SES		  Socioeconomic Status
STEMI 		  ST elevation myocardial infarction
ZINL		  Dutch National Healthcare Institute (Zorginstituut Nederland)
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Introduction

Socioeconomic status (SES) provides insight in the welfare level of an area and its inhabitants 
on various components including education, income and employment(1, 2). In patients with 
coronary artery disease, previous studies reported that low SES associated with increased 
morbidity and mortality (3-7). Therefore, low SES is a risk factor for a worse outcome in 
ST elevation myocardial infarction (STEMI) and non-ST elevation myocardial infarction 
(NSTEMI) patients.

Improving socioeconomic environment is foremost a governmental matter. However, 
cardiologists and allied professionals should be concerned with the evaluation and 
improvement of clinical care after myocardial infarction in different socioeconomic 
environments. Prospective registry-based studies can provide insight in demographic, ethnic 
and SES differences among myocardial infarction patients(7-9). Despite being executed well, 
these studies are often laborious and limited to selected patients. Contemporary databases, 
such as claims data registries, provide a unique alternative to assess outcomes of patients 
surviving myocardial infarction, as these databases provide accurate ‘real world’ data (10-
12). To date, claims data has not been used to study differences between low and high SES 
myocardial infarction patients.

The current ‘proof of concept’ study evaluates STEMI and NSTEMI care among patients with 
low and high SES in the referral area of three Dutch percutaneous coronary intervention (PCI) 
centres, using claims data as a source. In particular, revascularisation strategies, secondary 
preventive medication-use and one-year mortality after STEMI and NSTEMI are analysed. 
The results of the current study may ultimately help to develop improvement strategies for 
modifiable factors on a loco-regional level.
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Methods

In the Netherlands, hospital - and pharmaceutical claims data are sent to patient’s insurance 
companies and subsequently collected in the central database of the insurance companies. 
The current study was done in close collaboration with the Dutch National Healthcare 
Institute (ZINL) which has an advisory role to the Dutch government and has access to both 
hospital- and pharmaceutical claims databases.

Study Design
This is a retrospective cohort study. Pseudo-anonymous and encrypted patient data were 
used. Dutch law states that prior ethical review and approval is not necessary for this type 
of analysis. Access to the claims data of each hospital was granted after obtaining signed 
consent from the head of the cardiology departments from each of the participating 
hospitals. 

Study Population and Data Collection
All adult myocardial infarction patients treated in three participating Dutch PCI centers 
(two on-site; Leeuwarden Medical Center and Leiden University Medical Center, and one 
off-site PCI center, North-West Hospitals - Alkmaar) were eligible for inclusion. Inclusion 
criteria were: (1) diagnosis of STEMI (claims code 0320.11.204) or NSTEMI (claims code 
0320.11.205) between January 1st 2015 and December 31st 2017, (2) follow-up of at least 
one year in one of three participating hospitals and (3) patients residing in surrounding ZIP-
codes of participating hospitals (appendix 1). As described below, ZIP codes were used to 
classify patients in SES classes: SES1 was the lowest class and SES4 was the highest class. As 
the scope of the study was to compare myocardial infarction care in the lowest (SES1) vs. 
in the highest SES (SES4), patients in SES2 and SES3 were excluded. Patients who had more 
than one myocardial infarction during the study period were also excluded. Demographic 
data, revascularization strategies, medication use, and one-year mortality were evaluated 
in patients.  

Socioeconomic Status (SES) Score
SES-scores are calculated for all ZIP-codes in the Netherlands by the Dutch government 
(Netherlands Institute for Social Research (SCP)) and are available through an online open-
access database. The SES-score of a ZIP-code provides insight in the welfare status of that 
area. Scores are based on yearly income, employment status and education(13, 14). The 
average national SES-score score has a given numerical value of 0. This numerical vector 
changes by diverse variables: low income and low educational level result in a low numerical 
SES-score values, higher income and educational level result in higher numerical SES-score 
values. Between 2015 and 2017, Dutch national SES-scores were divided in four quartiles 
with the lowest SES score being SES1 and the highest SES score being SES4. 
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The SES quartiles were classified as follows: SES1: -8.19 to -0.57, SES2: -0.57 to 0.15, SES3: 
0.15 to 0.71, SES4: 0.71 to 2.93.

Outcome Measure – Revascularisation
Revascularisation through either PCI or coronary artery bypass grafting (CABG) was 
assessed. PCI was defined as patients ‘having had an angiography with placement of a stent 
or balloon angioplasty within four days of the initial STEMI or NSTEMI diagnosis registration’. 
The cut-off of 4 days was based on European and American guidelines, which recommend 
an invasive strategy within the first 72 hours (the acute or semi-acute phase of the STEMI 
or NSTEMI)(15-17).

CABG was defined as patients ‘having had bypass surgery within 30 days of initial STEMI or 
NSTEMI diagnosis registration’. PCI or CABG at different time intervals were not analyzed in 
the current study. In addition, the total amount of re-PCI or re-CABG procedures were not 
analyzed.

Outcome Measure – Optimal Medical Treatment 
Optimal medical treatment (OMT) after myocardial infarction was defined as the combined 
use of an aspirin specie, a P2Y12- inhibitor, a statin, a betablocker and an ACE-/AT2-inhibitor 
as recommended by international STEMI and NSTEMI guidelines(15, 16). For all patients, 
OMT use was measured one year after the initial STEMI or NSTEMI diagnosis registration, 
extracted from the national pharmacy database as a combination of anatomical therapeutic 
chemical (ATC) codes together with DDD of that type of medication. For each drug, a DDD 
threshold of at least 10 dosage-units per day during one year was used. The DDD is composed 
by the World Health Organization Collaborating Centre for Drug Statistics Methodology. It 
is the assumed average maintenance dose for a drug used for its main indication in adults. 
The use of these ATC and DDD definitions per medication has been validated in previous 
studies(10).

Statistical Analysis
Data are presented as absolute numbers and as a proportion of the total population (%). 
Proportion comparisons were done by a X2

 test. A p-value of 0.05 was considered statistically 
significant. Data were analyzed using SPSS version 25™ (IBM SPSS Statistics for Windows, 
Version 25.0. Armonk, NY: IBM Corp.)
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Results

Study Population
During the study period, 7,264 unique myocardial infarction patients were treated in the 
participating hospitals. After exclusion of the SES 2 and SES 3 patients, the study population 
comprised 3,704 patients. Of these, 2,065 (28%) were SES1 patients and 1,639 (23%) were 
SES4 patients (Table1). In both groups, the majority concerned NSTEMI patients: 1,195 (58%) 
in the SES 1 group and 1,040 (63%) in the SES 4 group. Mean age at the time of STEMI and 
NSTEMI was similar in SES1 and SES4 patients (table 1). Significant less males were present 
in the SES1 group compared to SES4 group in STEMI patients (64% vs 74%, P<0.001) and to a 
lesser extent in NSTEMI patients (65% vs 66%, P=0.02). One-year mortality in SES1 and SES4 
was similar in STEMI (14% vs 16%) and NSTEMI (11% vs 10%) patients (P=NS). 

Table 1. Demographics of AMI patients within socioeconomic classes 2015-2017

SES SES1 SES4 p-value

AMI (N) 2,065 1,639

STEMI (N,%) 870(42) 599(37)

Age (Mean,SD) 66.5(13) 66.7(13) NS

Male (N,%) 551(64) 322(74) <0.001

1-year mortality (N,%) 121(14) 70(16) NS

NSTEMI (N,%) 1,195(58) 1,040(63)

Age(Mean, SD) 70.5(13) 70.4(12) NS

Male (N,%) 759(65) 612(66) 0.02

1-year mortality (N,%) 134(11) 94(10) NS

AMI = Acute Myocardial Infarction; NS = Not Significant; NSTEMI = non ST elevation myocardial infarction; STEMI = 
ST elevation myocardial infarction

Table 2. PCI and CABG in STEMI and NSTEMI by SES.

SES SES1 SES4 p-value

STEMI (N=) 870 599

PCI(N,%) 697(80) 508(84) 0.02

CABG-30(N,%) 59(7) 22(4) 0.01

NSTEMI (N=) 1195 1040

PCI(N,%) 505(42) 505(48) 0.003

CABG-30(N,%) 136(11) 72(7) <0.001

CABG-30 = coronary artery bypass graft, within 30 days of admission
NSTEMI = non ST elevation myocardial infarction; PCI = percutaneous coronary intervention, within 4 days of 
admission; SES = socioeconomic status;
STEMI = ST elevation myocardial infarction
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Revascularization by SES
Table 2 and figures 1a and 1b show treatment by PCI and CABG among STEMI and NSTEMI 
patients stratified by SES. In both STEMI and NSTEMI patients, PCI procedures were 
significantly less frequently performed in SES1 patients as compared to SES4 patients 
(P=0.02 for STEMI and P=0.003 for NSTEMI). On the contrary, in both STEMI and NSTEMI 
patients, CABG procedures were more often performed in SES1 patients compared to SES4 
patients (P=0.01 for STEMI and P<0.001 for NSTEMI). 
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Figure 1a. Total P‑CI and CABG in STEMI stratified by SES.
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Figure 1b. Total PCI and CABG in NSTEMI stratified by SES.
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Medication Usage by SES

Table 3 and figure 2 show medication use by STEMI and NSTEMI patients stratified by SES.
Following STEMI, SES1 patients more frequently used complete optimal medical therapy as 
compared to SES4 patients (52% vs. 46%, P=0.01). The higher rate of medication use by SES1 
patients was driven by a higher use of aspirin (84% vs. 76%, P<0.001), P2Y12-inhibitors (80% 
vs. 76%, P=0.03), betablockers (64% vs. 54%, P<0.001) and statins (84% vs. 77%, P<0.001). 
Following NSTEMI, 39% of SES1 patients used complete optimal medical therapy as compared 
to 40% of SES4 patients (P=NS). The only difference in NSTEMI patients concerned P2Y12-
inhibitors with a lower use in SES1 patients (72% in SES1 vs. 76% in SES4, P=0.01).

Table 3. OMT and individual medication use among STEMI and NSTEMI patients by SES.

STEMI SES1 SES4 p-value

OMT(N,%) 455(52) 274(46) 0.01

ASA(N,%) 728(84) 453(76) <0.001

P2Y12(N,%) 699(80) 453(76) 0.03

BB(N,%) 557(64) 323(54) <0.001

ACE/AT2(N,%) 653(75) 423(71) NS

STAT(N,%) 734(84) 461(77) <0.001

NSTEMI

OMT(N,%) 466(39) 413(40) NS

ASA(N,%) 984(82) 881(85) NS

P2Y12(N,%) 856(72) 794(76) 0.01

BB(N,%) 705(59) 641(62) NS

ACE/AT2(N,%) 844(71) 725(70) NS

STAT(N,%) 992(83) 870(84) NS

ACE/AT2 = angiotensin converting enzym/angiotensin II recepter blocker; ASA = Aspirin-specie; 
BB = Betablocker; OMT = Optimal Medical Treatment; P2Y12 = Thienopyridine antagonists;
SES = socioeconomic status; Stat = Statin
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Figure 2. OMT and individual medication use among STEMI and NSTEMI patients by SES.
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Discussion

The main findings of the current study, analyzing STEMI and NSTEMI care among low and 
high SES patients with the use of claims data, can be summarized as follows. At first, in both 
STEMI and NSTEMI patients, SES1 patients were less frequently treated by PCI and more 
frequently by CABG as compared to SES4 patients. At second, the use of optimal medical 
therapy is overall moderate in both SES1 and SES4 patients. Following STEMI, SES1 patients 
more frequently use complete optimal medical therapy as compared to SES4. Following 
NSTEMI, there is no difference in the rate of complete optimal medical therapy use. Lastly, 
combining claims data and area specific socioeconomic statistics, can be an efficient method 
to analyze cardiac care on a loco-regional level in a unique way. 

A main finding of the current study is that low SES patients with either a STEMI or a NSTEMI, 
are treated by CABG more frequently than high SES patients. High CABG frequencies among 
low SES patients most probably are the result of more complex coronary lesions, resulting in 
the need for a CABG in this patient category. 

Previous studies have shown that low SES patients overall exhibit more risk factors 
(smoking) and comorbidities (including hypertension, hypercholesterolemia and diabetes) 
at presentation resulting in multivessel disease rather than one-vessel disease (18-20). The 
relatively high frequency of CABGs in the low SES patients suggests that this population has 
an unhealthier life-style.
 
Thereby, the findings of the current study provide rationale for a conjoined initiative of 
cardiologists, family physicians, health care insurance companies and policy makers to 
improve life style in low SES regions.

In the current study, the use of optimal medical care is modest, both among STEMI and 
NSTEMI patients as well as among low and high SES patients. This finding is in line with 
previous Dutch (10, 12, 21), British and American studies (22-24), all stressing the need for 
increased awareness and improvement on this topic. When addressing individual medication 
use after STEMI in SES classes, foremost aspirin, betablockers and statins are used more 
frequently by low SES patients than by high SES STEMI patients. In NSTEMI patients, low and 
high SES patients show an overall comparable low usage pattern. 

Although some previous studies show that low SES has a negative effect on medical 
adherence(25, 26), others show a negative effect of high SES(27, 28), or no effect of SES on 
medical adherence(29). The reason for the observed difference in our study is difficult to 
distill, as no clinical data such as allergies or side effect patterns were used. A lower use of 
cardioprotective medication in high SES STEMI patients can be related to an unwillingness 
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to take medication because of doubts or fear of side-effects, observed in higher educated 
patients(23, 30). It could however also be related to a healthier life-style and less prevalent 
risk-factors. The fact that, in the current study, high SES STEMI patients less frequently use 
optimal medical therapy is an important finding for the hospitals participating in the current 
study. 

As medical adherence is indispensable for survival after myocardial infarction, initiatives 
focusing on medication adherence in the high SES patients in the outpatient follow-up by 
cardiologist and primary care physicians are warranted. 

Future Perspectives
The use of financial claims data to analyze healthcare at a system level has recently gained 
attention. In the present study, for the first time, these claims data are combined with area 
specific socioeconomic statistics. Thereby, the study illustrates that in this way treatment 
patterns and healthcare use in specific regions and specific patient groups can be analyzed. 
This type of research substantially differs from previously performed “causality studies” with 
claims data assessing the impact of low SES on mortality or adverse events after myocardial 
infarction (19, 31-33).

The current findings in myocardial infarction patients, stress the importance of developing 
primary prevention programs in low SES regions. In addition, it provides rationale for 
developing programs to improve medical adherence after myocardial infarction among 
inhabitants of high SES regions. Conceptually, developing specific programs for specific 
inhabitants of specific regions may increase the effectiveness of these programs and 
contribute to a more useful spending of scarce healthcare resources. 

Limitations
Some limitations should be considered when interpreting the results. First, the study uses 
observational data. Second, the used SES value is a ZIP-code average: some SES4 patients 
might live in an SES1 area and vice versa. Third, the used definition of SES is on an area 
bound-level, not on an individual level. Fourth, the level of clinical details is limited. 
Accordingly, completeness of revascularization, ventricular function or infarct size are 
not included and commonly used risk scores (e.g. GRACE risk score) cannot be applied 
to our study population. Fifth, the claims databases are gradually filled over a period of 2 
years. Accordingly, the coverage of the 2018 and later databases were not available when 
this study was conducted. Lastly, the total amount of CABGs in our population could be 
underestimated by the fact that one off-site PCI center was included. 
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Conclusion

Combined analysis of claims data and area specific socioeconomic statistics can provide 
unique insight on how to improve myocardial infarction care for low and high SES patients. 
The relatively high CABG frequency among low SES patients stresses the importance of 
primary prevention programs in low SES regions.

The relatively low rate of complete optimal medical therapy justifies the development of 
programs to improve medical adherence among high SES patients.
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Appendix 1. Included zip-codes of analyzed PCI centers. 

Leeuwarden Medisch Centrum (on-site PCI center)
•	 8411 – 8495
•	 8601 – 8651
•	 8851 – 8584
•	 8701 – 8773
•	 8800 – 8896
•	 8911 – 8941
•	 9001 -  9089
•	 9100 – 9178
•	 9251 -  9265
•	 9257 – 9269
•	 9271 – 9298
•	 9851 -  9853
•	 9950

Leiden University Medical Center (on-site PCI center)
•	 2171 - 2191
•	 2201 - 2254
•	 2311 – 2361

Noordwest Ziekenhuisgroep – Alkmaar (off-site PCI center)
•	 1483 – 1486
•	 1536
•	 1631 - 1652
•	 1711 - 1797
•	 1811- 1873
•	 1901 – 1992
•	 2071 - 2082
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Abstract

Developing patient-centered cardiovascular healthcare is eminent for an ever-growing, 
aging patient population. Value Based Healthcare (VBHC) research is becoming increasingly 
important in that matter, which questions the relevance (i.e. value) of contemporary 
evidence-based interventions in relation to patients’ health status and personal preferences.

In cardiology, daily care consists of standardized complex care-tracks with diverse treatment 
options. The best possible care for a patient is based on contemporary scientific evidence 
and weighed by professionals. However, to assess the ‘value’ of care as perceived by the 
patient, is often difficult.

Human Factors (HF) science poses a useful addition in VBHC research. Via system analysis, 
such as combining observations and interviews into mapping a ‘patient journey’, it 
highlights the interaction between patient and professional both on technical and non-
technical aspects of daily care. Value in that sense is uncovered by highlighting key points of 
interaction between patient and professional, with a focus on the patient experience and 
perspective.

This paper illustrates the added value of HF science into contemporary VBHC research 
in cardiology by discussing several example studies. It emphasizes the strength of it in 
determining value of care via a system analysis.
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Introduction

Heart disease has a high mortality rate and morbidity burden worldwide, with the majority 
of total disease burden due to coronary artery disease (Kahn, 2020). Thankfully, survival of 
patients with coronary artery disease has increased since the second half of the 20th century 
(Fox et al., 2007).

The introduction of clinical electrocardiography by Willem Einthoven in 1901, the use of 
medication, cardiac surgery and percutaneous interventions have decreased mortality 
roughly from 50% in the 1950’s, down to 2% in 2020 (O’Gara et al., 2013; Thygesen et al., 
2012). Large randomized controlled clinical trials (RCT) and meta-analyses have been the 
hallmark of cardiovascular research to improve patients’ health status (Lopes et al., 2019; 
Windecker et al., 2014). Value of care in that sense is determined through low mortality 
rates, fewer adverse events such as post-procedural bleeding, or medication-related side 
effects for example. Although important for patients’ survival, this definition of value is 
rather one-dimensional in character, seen from the perspective of nowadays patients.

A ‘bi-directional’ focus on value in healthcare is embedded in the concept of 
‘Value Based Healthcare’ (VBHC) which has become subject of growing interest in 
healthcare research (Porter, 2008; Porter et al., 2007). It incorporates the patient’s 
perspective on determining value; it questions the need of certain evidence-
based choices in relation to the relative benefit for the patient (Porter et al., 2007). 
In general, it attempts to transform care to become more ‘patient-centered’. However, the 
complexity of cardiac care makes it difficult to determine what defines ‘value’ for patients.

Human Factors (HF) science, at the intersection of psychology, biology and engineering, poses 
an interesting field to shape VBHC research in cardiac care further. It combines qualitative 
and quantitative research methods like interviews, observations and questionnaires to gain 
perspective of patients within predefined care-tracks (Russ et al., 2013). Essentially, it helps 
to understand what defines ‘value’ from a patient perspective. In this paper, we discuss how 
HF science can contribute to the introduction and development of VBHC in cardiac care. To 
illustrate this novel approach, several example studies are discussed (Hilt, Kaptein, et al., 
2020; Hilt, Mamaqi Kapllani, et al., 2020).
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Value of Healthcare

The definition of “health” by The World Health Organization (WHO) in 1948 is “a state of 
complete physical, mental and social well-being and not merely the absence of disease or 
infirmity.” Three aspects of health are interchangeably linked; physical-, mental and social 
aspects of health(Huber et al., 2011).

First, physical health reflects the ability of individuals to maintain physiological homeostasis 
during changing conditions (“allostasis”), for instance an increase in heart rate while 
running. Illness develops when physiological mechanisms fail during harmful circumstances, 
such as blood clot formation during smoking, resulting in myocardial infarction. Second, 
mental health is the sense of how individuals coherently manage and adapt to changing 
circumstances to improve their subjective well-being. And last, social health projects both 
physical and mental health aspects in life in general; how does one manage life when there 
is interaction with other living objects and environments (Huber et al., 2011). Healthcare 
interventions, preventive or curative, have outcomes across all these aspects of health.

Outcomes, as stated by Porter, are multi-layered (Porter et al., 2007). The result of an 
intervention is not only ‘dead or alive’ (Tier 1) but also the occurrence of complications 
or return to daily life after clinical care (Tier 2) and the sustainability of health during 
life in general (Tier 3) (Porter et al., 2007). Healthcare professionals (both physicians 
andnon-physicians) define “value” of an outcome, in comparison to outcome as found in 
evidence-based studies. However, weighing outcome-tiers may differ between patient and 
professional.

Value Based Healthcare (VBHC) attempts to prioritize the patients’ perspective of value by 
“the creation and operation of a health system that explicitly prioritizes health outcomes 
which matter to patients, relative to the cost of achieving this outcome” (Porter et al., 2004; 
Putera, 2017). Research in this domain questions the relevance of certain evidence-based 
interventions and outcomes with regard to patient-specific health aspects and personal 
preferences. A well-known example is a patient-reported outcome measure (PROM); 
patients are actively asked to fill out questionnaires, to reflect on received care after clinical 
admission (Wiering et al., 2017). 

Questionnaires are, however, only developed for a single construct and rarely reflect 
all aspects of a care-track, let alone what a patient perceives as ‘valuable’. The effect of 
interventions on outcomes in a care-track (i.e., performance) should be assessed from a 
broad system perspective in order to determine its value for patients.
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Human Factors Science

HF science assesses human performance in complex systems for promoting safety and 
efficiency (Flin, 2009; Saleem et al., 2009). In healthcare, HF science is mainly applied for 
two purposes: i) reducing the cognitive and physical load of professionals and ii) promoting 
safe, efficient and high quality care to patients (Karsh et al., 2006; Saleem et al., 2009). To 
achieve both purposes, diverse research methods are used, for designing efficient, reliable 
and safe healthcare systems, supporting both professional and patient.

HF specialists and researchers gather data about human characteristics and human 
interaction with and within systems (Saleem et al., 2009). The strength of HF science lies 
in the combination of specialists from different disciplines, working together towards a 
common goal. 

For example, in a previous study we assessed the dynamics of teamwork and team culture on 
safety during surgery, by applying HF questionnaires from the aviation industry in the surgical 
theatre (Hilt, Kaptein, et al., 2020). Identically, creating a patient-journey is often used by HF 
specialists to determine the experience a patient has in a care-track (Trebble et al., 2010), 
created by a combination of observations, interviews or questionnaires. Furthermore, this 
unravels the interaction with care, from a patient-perspective. These methods are in line 
with common VBHC research such as PROMs, but offer a broader scientific approach to 
assess system performance.

From Care-Track to Patient Journey – HF Science in Cardiac Care

In cardiology, there is a broad spectrum of treatments for diverse health conditions, such 
as acute myocardial infarction, heart failure or cardiac rhythm disorders. An example of 
determining value of care by applying HF research in VBHC in cardiology is to improve the 
care-track for myocardial infarction (MI) patients (Hilt, Mamaqi Kapllani, et al., 2020). The 
MISSION! program is a standardized care-track for MI-patients in a large tertiary hospital in 
the Netherlands (Liem et al., 2007). 

It has three pillars of care: i) rapid transport of MI patients to a hospital for treatment, 
ii) four consecutive outpatient visits during 12 months to monitor cardiac function and 
intervene when needed and iii) secondary prevention of new cardiac events by promoting 
cardiac health with long-term treatment with multiple medications and lifestyle changes. 
Professionals educate patients on their disease, sharing extensive spoken and written 
information. The effectivity of information exchange is, however, subject of debate. 
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To investigate the process of information exchange and determine improvements for 
patients, we conducted an observational study in close collaboration with design engineers 
from the Faculty of Industrial Design Engineering of the Delft University of Technology. 
Patient journey mapping was used to assess how patients perceive patient information and 
education resources offered in the MISSION! Program.

Twelve patients were asked to elaborate on their experience within the MISSION! program, 
regarding education and information exchange during outpatient visits. Observations, 
interviews and questionnaires were used to map out the patient experience regarding 
information exchange.

It was found that, contrary to professionals’ belief, information shared was regarded too 
extensive, technical and generic by patients (Hilt, Mamaqi Kapllani, et al., 2020). Most 
strikingly, medication, which is one of the hallmarks of secondary prevention in cardiology, 
was seen as a hurdle to recovery due to side-effects rather than a catalyst to good health. 
As a consequence, patients stated that they did not see added value of taking medication 
to improve their health. ‘Health’ was described as ‘continuing my daily life’ or ‘be able 
to play with my dog again’, and not primarily ‘lowering my cholesterol or improving my 
heart condition’. In contrast, professionals stated that the amount of information shared 
was too little and that they wanted to teach more anatomical understanding and elaborate 
more on medication importance. This nicely illustrates the difference in perspective of how 
patients see their condition with an illness and what they define as important. Medication 
non-adherence is a common problem in the medical field, with side-effects and lack of 
information being frequent reasons (Naderi et al., 2012; Scott et al., 2003). The system 
approach as described above specifically highlights the mismatch between performance 
(extensive information shared), outcome (patients still lack information about medication) 
and value (professionals want to educate more, patients want less but more personal 
information). By focusing on the patient experience, it offers guidance on how to improve 
medication understanding and possible medication adherence in the MISSION care-track.

To overcome the above-described issue, the introduction of a mixed reality application has 
been proposed (figure 1). Ultimately, this application can be used to unite patients’ and 
professionals’ perspectives on medication education and foster interaction between both 
regarding this topic.
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Figure 1. Example of a Mixed Reality application to understand medication after myocardial infarction.

Conclusion

The aforementioned HF approach can be applied to many topics in healthcare, not restricted 
to cardiology or to information exchange only. Nor is HF science restricted to understanding 
only patient-professional interaction, but professional – professional interaction as well. To 
alter healthcare in line with VBHC and shape care that prioritizes patients’ perspectives and 
their value of care, HF science offers vital specialists and methods. 

As a scientific discipline, it offers assessment of healthcare as a whole, in a constructive, 
multidimensional fashion. Ultimately shaping it to optimize performance, alter outcomes 
positively and create value for professional and patient in line with their preferences.

In our opinion, we would welcome a hybrid (academic) hospital, where medical professionals 
collaborate with human factors specialists on a daily basis. Healthcare professionals thus 
becoming aware of the possibilities HF science has to offer. VBHC in that sense, can be 
shaped continuously, with multidimensional input, from a ‘concept’, to a new ‘standard of 
care’. 
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Abstract

Background
Improving teamwork in surgery is a complex goal and difficult to achieve. Human factors 
questionnaires such as the Safety Attitudes Questionnaire(SAQ) can help understand 
medical teamwork and may aid in this task. 

Objective
To assess local team- and safety culture in a cardiovascular surgery setting to understand 
how purposeful teamwork improvements can be reached.

Methods
Two cardiovascular surgical teams performing complex aortic treatments were assessed; 
a endovascular treatment team (ETT) and an open treatment team (OTT). Both teams 
answered an online version of the SAQ-NL consisting of 30 questions related to 6 different 
domains of safety (teamwork climate, safety climate, job satisfaction, stress recognition, 
perceptions of management, and working conditions). In addition, one open question was 
posed to gain more insight into the completed questionnaires. 

Results
The SAQ-NL was completed by 23 (100%) ETT members and 13 (100%) OTT members. Team 
buildup was comparable for both teams (60% males and 50% physicians). All participants 
worked ≥10 years in healthcare. SAQ-NL mean scores were comparable between both 
teams, important differences were found between the physicians and non-physicians of the 
ETT. Non-physicians were less positive about the safety climate, job satisfaction and working 
climate domains than physicians (p<.05). 

Additional education on performed procedures, more conjoined team training as well as a 
hybrid OR were suggested by participants as important areas of improvement. 

Conclusion
Non-physicians of  a local team performing complex endovascular aortic aneurysm surgery 
perceive safety climate, job satisfaction and working conditions less positive than physicians 
of the same team. Open questions suggested this is related to lack of  adequate conjoined 
training, education, and an adequate operating room. With added open questions,  the 
SAQ-NL appears to be an assessment tool which allows developing strategies that are 
instrumental in improving quality of care. 
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Introduction 

The World Health Organization (WHO) states that knowledge on human factors and 
especially non technical skills, are crucial in developing safe environments for patients(1). 
A 2017 analysis of the Dutch healthcare system shows that non-technical aspects of work 
are understudied in professional training(2, 3). Non-technical dimensions of teamwork such 
as communication, stress-awareness, and shared decision making, all contribute to the 
effectiveness of teamwork. Importantly, failing to invest in these issues may have negative 
effects on patient safety and clinical outcome (4-6). The challenge lies in how to identify, 
analyse and improve these non-technical skills.
 
In aviation and offshore industries for example, awareness of non-technical skills is crucial in 
daily work. Training and improving non-technical skills are often part of corporate policies, 
with proven effects on safety (7, 8). Similarly, positive results are observed in healthcare, 
although the number of studies is scarce (9, 10). Core to improving non-technical skills is 
understanding the safety culture and climate within a team. This can be assessed through 
questionnaires, such as the Safety Attitudes Questionnaire (SAQ)- a medical human factors 
(HF) questionnaire that has been validated in different medical domains. In 2016 the SAQ 
was validated in the Dutch language (SAQ-NL)(11, 12). 

Although often used to assess an ex ante baseline and the ex post effect of team trainings, 
the use of the SAQ-NL as a diagnostic tool to identify what exactly needs changing within a 
team, and adjust subsequent training accordingly, is not common.

The outcome of complex aortic aneurysm surgery is highly dependent on team dynamics. 
Aortic aneurysms are defined as ‘complex’ when important side branches are included in the 
aneurysm. This necessitates inclusion of these side branches in the vascular reconstruction, 
making the procedure high-risk. Open, as well as endovascular complex aortic reconstructions 
are associated with high mortality and morbidity rates. Both treatments are conducted by 
multidisciplinary teams. In the current study, the SAQ-NL was used as a diagnostic tool to 
examine teamwork and safety climate in  two types of teams; an open treatment team 
and an endovascular treatment team. The aim of this study was  to understand, and to 
ultimately help improve, teamwork conditions and safety climate in this high-risk setting. 
Primarily it was hypothesized that (1) the SAQ-NL provides insight into how teamwork and 
safety is perceived by different team members, and (2) that this knowledge may help guide 
future teamwork improvement strategies.
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Methods

Terminology
Pinpointing safety culture and safety climate within a medical department is difficult, 
especially because  they are not mutually exclusive. The safety culture of an organisation is 
the product of individual and group values, traditions, perceptions and competences that 
determine the commitment to, and the style and proficiency of, an organization’s health and 
safety management(13). An organisation’s safety culture is the context in which personal 
safety attitudes develop, persist, and are promoted(8). It’s like a ‘script’ that is taught to 
every employee, and continuously formed and (re)shaped not only by themselves, but also 
by their fellow ‘actors’ in the work setting. This concept has been used widely since the 1980s 
in aviation, as well as industrial settings such as power plants and offshore environments.

The safety climate is the manifestation of that safety culture in the behaviour and attitudes 
of professionals, for instance during surgical procedures. When one would make a ‘snap-
shot’ of such environment, certain behavioural cues would be seen. For example, a surgeon 
being focussed on the patient and on his or her tools, the scrub-nurse seeing a drop in blood 
pressure and the anaesthetist reacting accordingly. This ‘snap-shot’ with all the interactions 
between professionals can be seen as the climate people are working in. 

This climate (the play or the day-to-day atmosphere when working) is directly influenced 
by the departments culture (the script which consists of perceptions, beliefs, traditions). 
For example, when convention holds that nurses do not speak up when things go wrong, 
this negatively impacts safety climate, and often leads to errors and eventually diminished 
patient safety(14). Measuring perceptions of safety and teamwork in a specific setting at 
a certain point in time (i.e.; during a surgical procedure), provides insight into the safety 
climate as well as the safety culture. 

Put differently; it allows for the assessment of how every actor plays their role and while 
doing so, to what extent they are influenced by others and the script used. Figure 1 gives an 
overview of the used terminology.
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Safety Climate (‘the show we play’)

Safety Culture (‘the script which is taught and 
used’):
- Group and individual values, traditions;
- Perceptions regarding safety during work;
- Individual and group competences;

All these aspects together can be seen 
in daily work as: 

Examples: 
- ‘While working with Doctor X, nurse Y feels insecure’
- ‘Doctor Z feels that continued blood pressure measurements are not necessary during 
wound closure’

 
Figure 1. Safety culture and safety climate. 
Copyright: A.D. Hilt

Design 
The current study followed a cross-sectional survey design.

Study setting
The Leiden University Medical Centre (LUMC) is one of eight university hospitals in the 
Netherlands. For this study, two complex aortic aneurysm treatment teams were evaluated; 
one conducting the endovascular treatment (ET), and the other conducting the standard 
open treatment (OT). Assessment of the two teams has two reasons. Firstly, the endovascular 
treatment is relatively new to this hospital (since 2013).Refinement of non-technical skills 
is of great interest in this setting, since it has been shown that this improves patient safety 
and outcome(10, 15). Secondly, the introduction of the endovascular treatment demanded 
a shift in work environment for part of the team. 

The OT-team (OTT) continues to work in the familiar environment of their operating theatre, 
whereas the ET-team (ETT) has to perform their procedures in an angiography suite - an 
environment where many team members are not used to working. For daily workflow of the 
ETT, it is important to understand how this shift in environment influences this. An outline of 
a routine ETT and OTT procedure is shown in multimedia appendix 1.
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Study population
The ETT consists of 23 team members and has a larger diversity of radiology personnel, 
surgical staff and a supplier specialist. The OTT consists of 13 team members with 
predominantly surgical staff and perfusionists, the latter being not included in the ETT. 
Noticeably, a supplier specialist is present in the ETT, but not the OTT. The specific role of 
the supplier specialist lies in participating in the discussion of stent-type, and design, as well 
as on site product advice during the procedure. The supplier specialist is  a standard, crucial, 
team member of the ETT.
 
Additionally, it should be noted that 2 vascular surgeons, 1 neurologist, and 1 clinical 
neurophysiology technician are part of both teams. The partial overlap of members of 
different teams is common in medical settings. All 4 interviewees with dual team membership 
were able to clearly distinguish between the two teams in answering our questions. In 
all further analyses, vascular surgeons, thoracic surgeons, radiologists, anaesthetists and 
neurologists are referred to as ‘physicians’, whereas scrub nurses, anaesthetic nurses, clinical 
neurophysiology technicians, radiology technicians, specialist suppliers and perfusionists 
are referred to as ‘non-physicians. Table 1 summarizes the physician and non-physicians 
composition of both teams, as well as healthcare-tenure and team-tenure.

Human Factors and the Safety Attitudes Questionnaire (SAQ)
Research into Human Factors (HF) aims to understand how humans function in different 
environments, in order to improve human performance and safety within these environments 
(16). Human Factors research has become a core part of major industries such as aviation 
and the offshore industry, mainly because of the high dependence on human performance 
and its effect on safety. Teamwork safety has been extensively evaluated in aviation through 
HF-questionnaires, originally through the cockpit management attitudes questionnaire 
(CMAQ)(7, 17). 

This questionnaire assessed the perceptions concerning safety climate and teamwork 
among personnel working on an aircraft. This was later refined into the Flight Management 
Attitudes Questionnaire (FMAQ) (7). 

In the medical domain, ICUs were the first to adopt a medical version of the FMAQ; the 
ICUMAQ(17). Developed by Sexton et al., the SAQ is a refinement of the ICUMAQ for a 
healthcare setting. It has proven its psychometric and clinical quality in different clinical 
settings, as well in Dutch (SAQ-NL)(11, 17, 18). The SAQ assesses 30 items in six domains: 
safety climate (SC), teamwork climate (TC), job satisfaction (JS), stress recognition (SR), 
perceptions of management (PoM), and working conditions (WC). The 30 items are each 
assessed on a 5-point Likert scale: disagree strongly, disagree slightly, neutral, agree slightly, 
agree strongly. 
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The WHO indicates that the SAQ is a valuable human factors instrument to asses medical 
teamwork dynamics in a standardized fashion(1). For the current study, the strong 
methodological foundation of the SAQ and its usability in the field were the main reasons to use it.  
Additionally, to gain insight into teamwork, safety attitudes and the meaning of the SAQ-
NL outcomes, respondents were asked to answer the following open question: “What are 
your top three recommendations for improving patient safety in this clinical area”? A web 
based survey of the SAQ-NL (Google Forms™, Google) was sent to all ETT and OTT members 
(multimedia appendix 2). 

Statistics

Frequency tables for gender, professional positions, team tenure and general healthcare 
tenure are generated to give an overview of both teams. Response patterns are shown in 
percentages. For normally distributed categorical data a chi square-test was used to calculate 
statistical differences. For each SAQ dimension, mean scores and standard deviations were 
calculated per team (ETT and OTT); per professional group (physicians and non-physicians); 
and per department. An unpaired t test was used to calculate differences between SAQ-NL 
mean scores for ETT and OTT teams. 

A  univariate ANOVA test was performed to evaluate whether there was a significant 
difference between average SAQ-NL scores among professional groups; the ETT and 
OTT ; as well as the departments. Data of the open ended questions were displayed in a 
descriptive manner, content analysis was used to analyse these. Two authors (ADH and JvS) 
labelled responses according to major that emerged from the data. Cronbach’s alpha (α) 
was calculated for all SAQ-dimensions of our sample. For analysis, SPSS Statistics version 
23 (IBM Corp., Armonk, NY, USA) was used. A P-value <.05 was considered significant. 

Biases

Teamwork and safety are delicate subjects, leading to a risk of response bias. Examples 
of response bias are question order bias or social desirability bias. The use of a self-
administered questionnaire via an online survey is known to minimize the latter effect(19). 
All questionnaire data was available only to the main researcher (ADH), who has no 
professional position in the ETT or OTT.
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Ethical considerations

Dutch law, no ethical approval was needed to conduct this study. All participants gave 
consent for participating in the study and the use of their pseudo-anonymized data.

Results

Demographics
The ETT consists of 23 members of which 13(59%) are male with a total of 11(50%) physicians. 
The OTT consists of 13 members of which 8(61%) are male with a total of 7(53%) physicians, but 
not significantly different (p=.6 and p=.5, table 2). Team tenure ≥5 years was more prevalent in 
the ETT (55% of team members) than in the OTT (23% of team members), but not statistically 
different (P=.16, table 2). Both teams have a large proportion of members working ≥10 years in 
healthcare (ETT vs OTT; 86% vs 92%, P=.3). Long (≥50 hours) working weeks are more prevalent 
in the OTT than in the ETT, this difference however, was not significant (50% vs 23%, P=.5).

Table 1. Overview of team composition; ETT vs OTT

Teams        

ETT(N=23) N HT TT

Radiologist 2 ≥10 years ≥5 years

Thoracic surgeon 1 ≥10 years 4 years

Anesthesist 3 ≥10 years ≥5 years

Vascular surgeon 4 ≥10 years 4 years

Neurologist 1 ≥10 years 3 years

Radiology technician 5 ≥10 years ≥5 years

Scrub nurse 3 8 years ≥5 years

Nurse anesthesist 1 ≥10 years ≥5 years

Clinical neurophysiology technician 2 ≥10 years 4 years

Supplier specialist 1 8 years ≥5 years

OTT(N=13) N HT TT

Thoracic surgeon 1 ≥10 years 3 years

Anesthesist 2 ≥10 years 1 year

Vascular surgeon 3 ≥10 years ≥5 years

Neurologist 1 ≥10 years 4 years

Scrub nurse 2 9 years 4 years

Nurse anesthesist 1 ≥10 years 4 years

Clinical neurophysiology technician 1 ≥10 years 4 years

Perfusionist 2 ≥10 years ≥5 years

ETT = Endovascular Treatment Team; HT = average healthcare tenure in years; N/A = not applicable;
OTT = Open Treatment Team; TT = average team tenure in years
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Table 2. Demographics

  ETT OTT P-value

Total (N) 23 13 N/A

Male, (N,%) 13(60%) 8(61%) P=.6

Physician (N,%) 11(48%) 7(53%) P=.5

≥5 years team tenure (N, %) 12(55%) 3(23%) P=.16

≥10 years healthcare tenure (N, %) 19(86%) 12(92%) P=.3

≥50 Weekly workhours (N,%) 5(23%) 6(50%) P=.5

Response (N, %) 23(100%) 13(100%) N/A

ETT = endovascular treatment team
OTT = open treatment team

Mean Safety Attitudes Questionnaire-NL scores: ETT vs OTT teams
An overview of mean SAQ-NL mean scores with standard deviations (SD) per domain 
is shown in table 3 and figure 2. Higher means were observed for the OTT, however an 
independent samples t test showed that for all SAQ-NL domains, no statistically significant 
differences existed between the ETT and OTT. 

Mean scores on the SAQ-dimensions for respectively ETT and OTT were; 3.7±0.37 vs 3.9± 
0.31(P=.40) for Teamwork Climate(TC), 3.6±0.43 vs 3.7±0.31(P=.65) for Safety climate (SC), 
4.1±0.5 vs 4.2± 0.46(P=.39) for Job satisfaction (JS), 3.0±0.73 vs 3.1±0.92(P=.84) for Stress 
recognition (SR), 2.9±0.66 vs 3.1±0.51(P=.44) for Perceptions of Management (PoM), and 
3.5±0.64 vs 3.6±0.70(P=.69) for Working conditions (WC). For our sample, all SAQ-domains 
had a reliability of α ≥ .70 (acceptable) with the exception of the TC domain (α=.58, poor).
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Table 3. SAQ Means scores and Standard Deviations (SD).

TC SC JS SR PoM WC

Team

ETT (N=23) 3.7(0.37) 3.6(0.43) 4.1(0.50) 3.0(0.73) 2.9(0.66) 3.5(0.64)

OTT(N=13) 3.9(0.31) 3.7(0.31) 4.2(0.46) 3.1(0.92) 3.1(0.51) 3.6(0.70)

Position

Non-physician ETT 3.6(0.43) 3.4(0.35) 3.8(0.41) 2.9(0.61) 2.7(0.67) 3.2(0.68)

Physician ETT 3.9(0.31) 3.9(0.34) 4.4(0.33) 3.1(0.86) 3.1(0.64) 3.9(0.37)

Non-physician  OTT 3.8(0.40) 3.7(0.33) 4.0(0.47) 3.0(0.93) 2.9(0.43) 3.5(0.54)

Physician OTT 3.9(0.23) 3.7(0.33) 4.4(0.39) 3.1(0.98) 3.2(0.52) 3.7(0.83)

Department

Surgery ETT 3.8(0.35) 3.7(0.39) 4.0(0.56) 3.1(0.62) 2.9(0.86) 3.3(0.56)

Anesthesiology ETT 3.9(0.26) 4.0(0.32) 4.4(0.51) 2.6(1.12) 3.0(0.00) 4.1(0.17)

Radiology ETT 3.7(0.45) 3.4(0.41) 4.1(0.46) 3.2(0.49) 2.5(0.39) 3.2(0.79)

Neurology ETT 3.4(0.2) 3.5(0.59) 4.0(0.40) 3.4(0.76) 3.6(0.53) 4.0(0.33)

Industry ETT 4.4(0.00) 4.1(0.00) 4.2(0.00) 2.0(0.00) 3.6(0.00) 4.0(0.00)

Surgery OTT 3.9(0.30) 3.7(0.38) 4.3(0.46) 3.0(1.01) 3.0(0.51) 3.5(0.39)

Anesthesiology OTT 3.6(0.34) 3.7(0.1) 4.3(0.61) 2.8(0.90) 2.8(0.00) 3.4(0.96)

Radiology OTT n/a n/a n/a n/a n/a n/a

Neurology OTT 4.0(0.00) 3.7(0.40) 4.1(0.42) 3.8(0.35) 3.7(0.42) 4.7(0.47)

Industry OTT n/a n/a n/a n/a n/a n/a

Overlapping members (N=4)

Vascular surgeon W (ETT) 4.2(n/a) 4.2(n/a) 4.6(n/a) 2.3(n/a) 2.4(n/a) 3.7(n/a)

Vascular surgeon W (OTT) 4.2(n/a) 4.2(n/a) 5.0(n/a) 1.8(n/a) 3.4(n/a) 4.0(n/a)

Vascular surgeon X (ETT) 3.4(n/a) 3.5(n/a) 4,2(n/a) 3.8(n/a) 2.4(n/a) 3.4(n/a)

Vascular surgeon X (OTT) 4.2(n/a) 3.2(n/a) 4.4(n/a) 3.7(n/a) 2.6(n/a) 3.3(n/a)

Neurologist Y (ETT) 3.6(n/a) 4.1(n/a) 4.4(n/a) 4.3(n/a) 3.8(n/a) 4.3(n/a)

Neurologist Y (OTT) 4.0(n/a) 4.0(n/a) 4.4(n/a) 4.0(n/a) 4.0(n/a) 5.0(n/a)

Clin.neurophys.technician Z (ETT) 3.4(n/a) 3,3(n/a) 4.0(n/a) 3.3(n/a) 3.0(n/a) 3.7(n/a)

Clin.neurophys.technician Z (OTT) 4.0(n/a) 3.4(n/a) 3.8(n/a) 3.5(n/a) 3.4(n/a) 4.3(n/a)

TC = teamwork climate; SC = safety climate; JS = job satisfaction; SR = stress recognition; PoM = perceptions of 
management; WC = working conditions.
ETT = Endovascular Treatment Team; OTT = Open Treatment Team; n/a = not applicable; Non-physicians = all non-
physician’s, i.e. nurses, technicians etc.
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Figure 2. SAQ-NL mean scores per team and professional position. 
Legend figure 2: TC: Teamwork Climate, SC: Safety Climate, JS: Job Satisfaction, SR: Stress Recognition, PoM: 
Perceptions of Management, WC: Working Climate
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Mean Safety Attitudes Questionnaire-NL scores: physician vs non-physicians (ETT 
vs OTT)
Univariate ANOVA showed that for the ETT, there are significant differences between 
physician and non-physicians on mean scores for the SC, JS and WC domain; physicians were 
significantly more positive about safety climate, job satisfaction and working conditions 
compared to non-physicians.

Respectively, SC, JS and WC mean scores for physicians vs non-physicians were; 
3.9±0.34 vs 3.4±0.35 (P=.002), 4.4±0.33 vs 3.8±0.41(P=.001) and 3.9±0.37 vs 3.2±0.68 
(P=.008), figure 2. For the ETT, the specialist supplier did not score significantly different 
from the other non-physicians (table 3); there was a slight trend towards higher TC 
(P=.08) and SC (P=.07) scores. For the OTT, besides a slight trend towards higher mean 
scores in physicians for the JS domain (3.7±0.83 vs 3.5±0.54, P=.12), no significant 
differences between physicians and non-physicians scores for all domains were found. 

Mean Safety Attitudes Questionnaire-NL scores: department differences (ETT vs 
OTT)
Univariate ANOVA and independent t tests showed no statistical differences between 
members of different departments (i.e. radiology, surgery, neurology, industry and 
anesthesiology) in the ETT and OTT.

Mean Safety Attitudes Questionnaire-NL scores sub-analysis: overlapping team 
members
Three physicians and one technician filled out both the ETT and OTT questionnaires. 
These mean SAQ-NL scores are also shown in table 3 (overlapping members). An 
independent t test showed no significant differences between the ETT and OTT for 
any of the SAQ-NL domains in this group. Despite a slight trend towards lower job 
satisfaction in non-physicians (P=.18), no significant differences were found for all 
domains comparing physicians and non-physicians in ETT and OTT both through univariate 
ANOVA. When eliminating these four participants from the total  ETT and OTT physician 
vs non-physicians analysis, univariate ANOVA showed identical results for the ETT; safety 
climate(P<.002), job satisfaction(P<.001) and working climate(P<.008) mean scores 
were significantly lower in non-physicians than physicians in the ETT but not in the OTT. 
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Open Ended Questions
Of the ETT, 21(91%) respondents together provided 50 comments. Of the OTT 7(53%) 
respondents together provided 14 comments. For the ETT, 5 themes were identified 
through content analysis; comments related to peri-procedural planning, dynamics during 
procedures (technical, non-technical aspects), facilities present in the OR and patient privacy 
(multimedia appendix 3). In total 23 out of 50(46%) comments were related to teamwork 
between non-physicians and physicians.

Non-physicians expressed their desire to be more involved in the surgical process (12 out 
of 23(53%) comments);  individual examples were: ‘...more open communication about the 
patients’ status during surgery’ , ‘... more clarification of the surgical steps taken’ or ‘... more 
debriefing after performed surgery’. 

Physicians found education of non-physicians an important issue (10 out of 23(43%) 
comments), individual examples were: ‘… more time for extra training’, ‘... more team 
members should attend the conjoined pre-surgery meetings’, ‘…there should be more post-
surgery evaluations together’ and ‘... more open communication at different stages in 
surgery should be applied towards all’. Additionally, the need for a hybrid operating room 
(fit for both open and endovascular treatment) was stressed (11 out of 50(22%) comments); 
“...a hybrid OR where all the radiology and surgery devices are available is a must’. 

For the OTT, 2 major themes were identified; comments related to peri-procedural 
planning and dynamics during procedures (non-technical aspects). In total 6 out of 14(42%) 
comments were education related; non-physicians wanted to be educated more (4 out of 
6(67%)comments), individual examples: ‘… there should be more clinical classes about this 
procedure done by the anesthetist and surgeons’ and ‘… there should be more dedicated 
trainings and preparation’. 

Physicians also expressed a desire for more education of non-physicians in the different 
phases of surgery (2 out of 6(34%) comments), individual examples: ‘... if there are lessons 
learned during procedures, we should conjointly evaluate them’ and ‘... clinical evaluations 
after surgery should be evaluated with the whole team’. An overview of relevant themes for 
both ETT and OTT with example remarks is added as multimedia appendix 3.
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Discussion

The results of this study can be summarized as follows: (1) for the ETT, physicians are more 
positive about the safety climate -, job satisfaction - and working conditions than non-
physicians; (2) conjoined training sessions, education and post-procedural evaluation, and 
a hybrid OR are important topics for future improvements for both physicians and non-
physicians of the ETT; and (3) using the SAQ-NL with the addition of open ended questions 
is an instrumental way of assessing the safety culture and climate of two surgical teams and 
to propose strategies to improve this further.

The findings of our local study suggest that there is room for improvement in teamwork 
within the ETT. Regarding safety climate-, job satisfaction- and working climate- domains, 
physicians are more positive than non-physicians which is not observed in the OTT. These 
outcomes are specified by the answers to the open questions. Especially the remarks 
regarding more conjoined education on procedures and the wish for a hybrid OR give a 
good explanation for the lower scores on the job satisfaction- and working conditions 
domains, and possibly the safety climate domain within the non-physicians group. Higher 
safety climate, job satisfaction and working conditions scores express aspects of  the overall 
perceptions regarding commitment to safety, the work experience and the quality of the 
work environment (i.e. equipment, staffing), respectively. It is striking that this was different 
from the OTT. 

A reasonable explanation for lower job satisfaction and working conditions scores in the ETT 
may be that non-physicians need to operate outside of their own habitat, in an environment 
(the angiography suite) which they are not familiar with, and do not know as well as the OR. 
This setup is due to the absence of adequate radiological facilities in the OR. This condition 
results in non-physicians having to move large amounts of instruments and materials from 
the OR to the angiography suite. 

Having to work outside of their familiar environment, and having to move surgical equipment 
is not necessary for OTT members, who operate in the OR where all materials are close at hand.  
Qualitative results suggest that building a hybrid OR must be prioritized to raise ETT scores to 
the level of OTT scores. A hybrid OR  is a fully functional surgical theatre that is equipped with 
advanced medical imaging devices such as fixed C-arms, CT scanners or MRI scanners. These 
imaging devices enable complex minimally-invasive surgery as well as ‘hybrid’ procedures 
where minimally-invasive techniques are combined with conventional ‘open’ surgery. 
The perceived need for more education and adequate working conditions could also explain 
the lower safety climate score in non-physicians of the ETT.  
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For future improvements, one suggestion would be cross-functional teaching between 
radiology technicians and scrub nurses; a more explicit definition of roles and use of 
equipment ; and instruction of team members by physicians. SAQ-NL outcomes can be used 
after these improvements to measure the effect of these changes in working circumstances 
on teamwork.

Implications for Surgical Procedures

Previous studies have shown the effectiveness of using the SAQ as a measure to assess 
teamwork in different medical settings, largely focusing on measuring the effect of team 
trainings on daily work(20, 21). The SAQ-NL has not been solely used as a diagnostic tool.

Although no overall differences were found in our study between both the ETT and OTT as 
a whole, there were important differences within the ETT. Physicians were more positive 
than non-physicians. Through open ended questions, important themes for improvement 
of daily procedures were found. Differences between physicians and non-physicians are not 
new(10, 22). This is however still an important finding, especially for a large tertiary referral 
hospital. Our findings are not only useful for patient-facing employees, but also for team 
managers.

These findings stress not only the need for facilitating conjoined training and education, but 
also to direct this more specifically towards the needs of the employees. An example of the 
latter is ‘slowing down during surgery’, which enables team members to ask questions at 
certain key points during the surgery process(23).

Safety Attitudes Questionnaire-NL Outcomes

Improving healthcare team culture and teamwork safety is not straightforward, and 
thorough assessments of workflow and interactions between different professionals are 
time consuming. 

While improvements are necessary, trying to change the entire healthcare system at 
once is doomed to fail because of the complex nature of this working environment. It’s 
questionable what the relevance of, for instance, a national teamwork assessment is. 
Assessing teamwork among thousands of people having no direct interaction with each 
other. Therefore, as proposed by Sexton et al., it is especially important to put effort in 
analysis of the working environment of patient-facing employees and focus on local 
settings(18). Attitudinal surveys on a local (team) level can be a valuable addition to this. 
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The present study shows that small teams can be fruitfully assessed using the SAQ-NL. 
Firstly, the strength of using the SAQ-NL in small teams is that a complete response rate 
is more easily obtained. Secondly, the clinical implications of the study outcomes can be 
used immediately. For example, regarding the education-related remarks, a focus on 
more education during procedures can be started during the next surgery. The SAQ-NL 
could subsequently be used to monitor how such changes would influence a team’s safety 
attitudes. Lastly, the SAQ-NL is a useful tool in a cross-professional setting.

Due to the intertwinement of work, the specialist supplier for example cannot be left out of 
the ETT analysis. The SAQ-NL in this sense is not restricted to particular professions. 

Future perspectives; Human Factors and team analysis

Assessing team-processes such as safety climate through the SAQ-NL, is a valuable addition 
to team analysis. A recent meta-analysis by Schmutz et al assessed the impact of  team 
process-analysis on team performance(24). It showed that teams who are aware of processes 
during daily work, were almost 3 times more likely to achieve high performance than teams 
who were not. In line with this meta-analysis and as we hypothesized, we recognize the 
SAQ-NL as a valuable diagnostic tool for team process analysis. Mainly to assess and create 
awareness of processes among team members that define their daily work. 

With the knowledge of what needs attention during daily teamwork, a next step could be Human 
Factors (HF) trainings such as Crew Resource Management (CRM) or Team Strategies and Tools 
to Enhance Performance and Patient Safety (TeamSTEPPS)(25). Both are proven to be effective 
in altering team performance through HF principles. They teach participants that people have 
certain strengths and weaknesses which can impact daily work in a good or bad way(16, 26-28).  
 
The SAQ is often used to monitor the effects of these HF-training. O’Dea et al. proposed in 
their meta-analysis that, while plausible, it is difficult to unambiguously link changes in team 
behaviour or SAQ-outcomes to a particular training(29). Starting with a diagnostic approach 
with the SAQ of what needs attention in a team before commencing training however, the 
effect of CRM or TeamSTEPPS could be understood better during the course of training. For 
our sample, a CRM or TeamSTEPPS training could aim at improving communication during 
crucial steps of the ETT procedures, in order to assure shared understanding between 
physicians and non-physicians and hereby increase the safety climate.
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Limitations

Our study has several limitations. Firstly, it is debatable what the (clinical) meaning/
implication is of the difference between sections of the Likert scale in daily work. When 
looking at the ETT outcomes between non-physicians and physicians for example, the 
difference (Δ) for the job satisfaction domain is 0.6 and working conditions 0.7. What this 
(statistically significant) difference implies solely from the questionnaire’s outcome, is not 
directly clear. However, using open ended questions helps understand this difference. 
Secondly, we are well aware that there is overlap in respondents filling out the SAQ-NL for 
both ETT and OTT.
 
In this small group no differences were found between physicians and non-physicians for 
both ETT and OTT. Correcting all data for this group did not alter the main outcomes.  Thirdly, 
the original SAQ and SAQ-NL showed good psychometric properties and a good reliability 
(average Cronbach’s alpha of .76). In our study the reliability was generally acceptable (α ≥ 
.70) with the exception of the teamwork climate- domain which had a rather poor internal 
reliability (α= .58). This is however highly dependent on the number of subjects participating 
in the study and the number of items per dimension. Further use of the SAQ-NL and research 
in this setting should be stressed to evaluate the psychometric properties of the SAQ-NL.  

Conclusion

Non-physicians of  a local team performing endovascular aortic aneurysm surgery perceive 
safety climate; job satisfaction; and working conditions less positively  than physicians on 
the same team. Open ended questions specified this to be related to a lack of adequate 
conjoined training; education; and an adequate operating room. The SAQ-NL  can be a first 
step in developing strategies to improve quality of care.
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Multimedia appendix 1. Typical ETT procedure day.

ETT procedure day
0730hours Preparation angiosuite

•   �Radiology material collection from 
angiosuite supply room (radiology 
assistant)

•   �Surgery material collection. Moving 
material from OR to angiosuite (scrub 
nurse)

•   �Anesthesia material collection. Moving 
material from OR to angiosuite 
(anesthesiological team)

0745hours Technical briefing/material check (interventional radiologist, vascular 
surgeon, radiology assistant, anesthesiologist, scrub nurse, supplier 
specialist)

0815hours Patient briefing in angiosuite (Patient, interventional radiologist, vascular 
surgeon, radiology assistant, anesthesiologist, scrub nurse, clinical 
neurophysiologist)

0820hours Start anesthesia, neuromonitoring preparation (anesthesiologist, clinical 
neurophysiologist)

0845hours Surgical preparation
•   �Radiological material (radiology assistant)
•   �Surgical material (scrub nurse)
•   �Sterile draping (vascular surgeon, scrub 

nurse, radiology assistant)

0900hours Surgical cut-down (vascular surgeon, scrub nurse)

0915hours Start endovascular procedure. Flexible process which might differ greatly 
from one procedure to another depending on patient, anatomy, stent 
type, technical/anesthesiological or surgical problems encountered. 
Usually several ‘stop moments’ or ‘time-outs’ used for team discussion 
where needed. (Interventional radiologist, vascular surgeon, 
anesthesiologist, clinical neurophysiologist, supplier specialist, scrub 
nurse, radiology assistant)

…… Finalization of the procedure

0015hours Team de-briefing as wounds are closed (whole team)

0030hours Preparing patient for transport to ICU (anesthesiological team)

0045hours Transport to, and briefing at ICU (anesthesiologist, vascular surgeon, 
interventional radiologist)

0100hours Return of surgery and anesthesia material to OR (scrub nurse, 
anesthesiological team)
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OTT procedure day

0730hours Preparation operating room
•   �Surgery material collection on site (scrub 

nurse)
•   �Anesthesia material collection on site 

(anesthesiological team)
•   �Perfusion material collection on site 

(perfusion team)
0800hours Start anesthesia, neuromonitoring preparation (anesthesiologist, clinical 

neurophysiologist)
0845hours Team briefing in OR (thoracic surgeon, vascular surgeon, anesthesiologist, 

scrub nurses, clinical neurophysiologist, perfusionist)
0900hours Surgical preparation

•   �Surgical material (scrub nurse)
•   �Sterile draping (thoracic surgeon, vascular 

surgeon, scrub nurse)
0915hours Start surgical procedure. Flexible process which might differ greatly from 

one procedure to another depending on patient, anatomy, technical/
anesthesiologic or surgical problems encountered. Usually several 
‘stop moments’ or ‘time-outs’ used for team discussion where needed. 
(thoracic surgeon, vascular surgeon, anesthesiologist, perfusionist, clinical 
neurophysiologist, scrub nurse)

…… Finalization of the procedure

0015hours Team de-briefing as wounds are closed (whole team)

0045hours Preparing patient for transport to ICU (anesthesiologic team)

0100hours Transport to, and briefing at ICU (anesthesiologist, thoracic surgeon, 
vascular surgeon)

“Angiosuite” = radiology depratment intervention room with primarily radiological equipment, ETT = endovascular 
treatment team; ICU = intensive care unit; OR = (surgical) operation room; OTT = open treatment team
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Multimedia Appendix 2: Safety Attitudes Questionnaire-NL 

Below the original English questions are the validated Dutch counterparts. The open 
question was not in the original SAQ-NL.

Teamwork climate
1. Nurse input is well received in this clinical area.
De inbreng van verpleegkundigen wordt op mijn unit op prijs gesteld.

2. In this clinical area, it is difficult to speak up if I perceive a problem with patient care.
Op mijn unit is het moeilijk om het uit te spreken als ik merk dat er een probleem is met de 
patiëntenzorg.

3. Disagreements in this clinical area are resolved appropriately (i.e., not who is right, but 
what is best for the patient).
Meningsverschillen op mijn afdeling worden op een goede manier opgelost (d.w.z. niet wie 
heeft er gelijk, maar wat is het beste voor de patiënt).

4. I have the support I need from other personnel to care for patients.
Ik krijg de ondersteuning die ik nodig heb van staf-artsen om voor patiënten te kunnen 
zorgen.

5. It is easy for personnel here to ask questions when there is something that they do not 
understand.
Medewerkers op mijn unit kunnen gemakkelijk vragen stellen als er iets is dat ze niet 
begrijpen.

6. The physicians and nurses here work together as a well-coordinated team.
De artsen en de rest van het team hebben hier een goede samenwerking.

Safety Climate
7. I would feel safe being treated here as a patient.
Als ik hier als patiënt zou worden behandeld, zou ik me veilig voelen.

8. Medical errors are handled appropriately in this clinical area.
Medische fouten worden goed afgehandeld op de afdeling.

9. I know the proper channels to direct questions regarding patient safety in this clinical area.
Ik weet aan wie ik vragen kan stellen als het gaat om de patiëntveiligheid op de afdeling 
waar ik werk.
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10. I receive appropriate feedback about my performance.
Ik krijg goede feedback op mijn functioneren.

11. In this clinical area, it is difficult to discuss errors.
Op de unit waar ik werk is het lastig om fouten te bespreken.

12. I am encouraged by my colleagues to report any patient safety concerns I may have.
Ik word door mijn collega’s aangemoedigd al mijn bedenkingen wat patiëntveiligheid betreft 
te melden.

13. The culture in this clinical area makes it easy to learn from the errors of others.
De cultuur op mijn unit maakt het makkelijk om van fouten van anderen te leren.

Job Satisfaction
14. I like my job.
Ik ben enthousiast over mijn baan.

15. Working here is like being part of a large family.
Het werken in dit ziekenhuis voelt als deel uit maken van een grote familie.

16. This is a good place to work.
Dit ziekenhuis is een goede plek om te werken.

17. I am proud to work in this clinical area.
Ik ben trots dit ik in dit ziekenhuis werk.

18. Morale in this clinical area is high.
Het moreel op deze afdeling is hoog.

Stress Recognition
19. When my workload becomes excessive, my performance is impaired.
Wanneer mijn werkdruk te hoog wordt, dan lijdt mijn functioneren daaronder.

20. I am less effective at work when fatigued.
Als ik vermoeid ben dan verricht ik routinetaken minder goed.

21. I am more likely to make errors in tense or hostile situations.
Ik ben meer geneigd om fouten te maken in een gespannen of bedreigende situatie.
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22. Fatigue impairs my performance during emergency situations.
Vermoeidheid hindert mijn functioneren tijdens acute situaties.

Perceptions of management
23. Management supports my daily efforts.
Het ziekenhuismanagement helpt me bij mijn dagelijkse bezigheden.

24. Management doesn’t knowingly compromise patient safety.
Het ziekenhuismanagement brengt de veiligheid van de patiënten niet bewust in gevaar.

25. Problem personnel are dealt with constructively by our unit / hospital management.
Dit ziekenhuis gaat constructief om met minder goed functionerend personeel.

26. I get adequate, timely info about events that might affect my work, from unit / hospital 
management.
Ik krijg voldoende, tijdige informatie over gebeurtenissen in het ziekenhuis die invloed 
kunnen hebben op mijn werk.

27. The levels of staffing in this clinical area are sufficient to handle the number of patients.
We hebben genoeg personeel om de werklast aan te kunnen.

Working conditions
28. This hospital does a good job of training new personnel.
Dit ziekenhuis is goed in het trainen van nieuw personeel.

29. All the necessary information for diagnostic and therapeutic decisions is routinely 
available to me.
Ik beschik steeds over alle informatie die nodig is voor diagnostische en therapeutische 
beslissingen.

30. Trainees in my discipline are adequately supervised.
Degenen die opgeleid worden in mijn discipline krijgen voldoende begeleiding.

Open question
What are your top three recommendations for improving patient safety in this clinical area? 
(complex endovascular aortic treatment)
Wat zijn jouw top drie aanbevelingen om patiëntveiligheid te verbeteren binnen deze setting 
(complexe endovasculaire aortabehandelingen)
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Multimedia appendix 3: Themes and open ended question 
answers SAQ-NL analysis ETT vs OTT.

Teams Examples

ETT themes

Peri procedural planning “.. sufficient numbers of scrub nurses are needed for safe 
procedures..” (Scrub nurse) 
“ ..good preparation of all team members and OR-room..” 
(Radiology technician) 
“ ..enough procedures should be planned to keep everyone 
up-to-date and well-trained.”(Thoracic surgeon)

Dynamics during procedure – technical aspects
 

“ .. monitor patient vitals more closely and keep track 
consistently.”(Scrub nurse) 
“...radiology technicians and scrub nurses should teach each 
other the steps they undertake during the procedure…”  
(Scrub nurse)

Dynamics during procedure – non technical 
aspects

“…keep track of the steps that are taken during the procedure 
and discuss what happens next.”(Clinical neurophysiological 
technician) 
“.. there should be more conjoint post-discussions on the 
procedure..”  
(Vascular surgeon)

Facilities of surgical theatre “..a hybrid OR where all the radiology and surgery devices are 
available is a must..” (Vascular surgeon, scrub nurse, radiology 
technician, radiologist)

Patient privacy “..availability of patient data to non-medical personnel/
industry is hampered by modern Dutch law..” (Specialist 
supplier)

OTT themes

Peri-procedural planning “… sometimes it’s difficult to plan all the waiting patients..” 
(Vascular surgeon) 
“ .. there should be a limited number of surgeons at the 
table..” (Perfusionist) 
“.. we should facilitate spectators from other specialities..” 
(Vascular surgeon) 
“..we should gather post-operative problems and discuss them 
more..” (Anesthesist) 
“..there should be more procedures to keep our skills up-to-
date.” (Thoracic surgeon)

Dynamics during procedure – non technical 
aspects

“.. there should be a limited number of surgeons at the table 
to streamline communications..” (Perfusionist) 
“.. education on surgical steps for nurses should be 
mandatory..” (Scrub nurse) 
“..ICU personnel should be educated on these procedures as 
well..”(Vascular surgeon) 
“..we should do proper introductions of all team members 
present before the procedure starts..”  (Scrub nurse)
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Definitions of themes:

Peri procedural planning - all work involved around the surgical procedure including 
preparation and discharge of the patient, but also preparation of materials etc.

Dynamics during procedure – technical aspects – all steps involved during the procedure 
that encompass use of equipment (surgical, radiological, neurophysiological) within the OR 
during the procedure (ETT or OTT).

Dynamics during procedure – non technical aspects – all steps involved during the 
procedure that encompass communication between team members within the OR during 
the procedure (ETT or OTT).

Facilities of surgical theatre – all aspects of the operating theatre that support functionality 
(like quick access to equipment) during procedures (ETT or OTT).

Patient privacy – all aspects of correct and safe use of patient medical data in line with 
Dutch law, for example patient rights, safe storage of data and availability of data to third 
parties.



V

SAFETY AND TEAMWORK DURING COMPLEX AORTIC SURGERY	 95

References

1.	� Flin R, Winter, J., Sarac, C., & Raduma Tomas, M. A. . Human Factors in Patient Safety: Review of 
Topics and Tools. Consensus document: WHO; 2009.

2.	� Klopotowska. J SB, de Bruijne. M, Wagner. C. “Tweede evaluatie van het VMS 
Veiligheidsprogramma.” (Second evaluation of the VMS Safety Program). Utrecht; NIVEL, 2016.

3.	� Langelaan M, Broekens, M.A., Bruijne, M.C., Groot, J.F., Moesker, M.J., Porte, P.J., Schutijser, 
B., Singotani, R., Smits, M., Zwaan, L., Asscheman, H., Wagner, C., . “Monitor zorggerelateerde 
schade 2015/2016: dossieronderzoek bij overladen patienten in Nederlandse ziekenhuizen. 
(Monitor health care-related damage 2015/2016: case research of deceased patients in Dutch 
hospitals)”. Utrecht: NIVEL; 2017.

4.	� Kim SE, Kim CW, Lee SJ, Oh JH, Lee DH, Lim TH, et al. A questionnaire survey exploring healthcare 
professionals’ attitudes towards teamwork and safety in acute care areas in South Korea. BMJ 
open. 2015;5(7):e007881.

5.	� Institute of Medicine Committee on Quality of Health Care in A. In: Kohn LT, Corrigan JM, 
Donaldson MS, editors. To Err is Human: Building a Safer Health System. Washington (DC): 
National Academies Press (US) Copyright 2000 by the National Academy of Sciences. All rights 
reserved.; 2000.

6.	� Warnack E, Pachter HL, Choi B, DiMaggio C, Frangos S, Klein M, et al. Postinjury Complications: 
Retrospective Study of Causative Factors JMIR Hum Factors. 2019;6(3):e14819.

7.	� Helmreich RL, Merritt AC, Wilhelm JA. The Evolution of Crew Resource Management Training in 
Commercial Aviation. The International Journal of Aviation Psychology. 1999;9(1):19-32.

8.	� Mearns K, Whitaker S, Flin R. Safety Climate, Safety Management Practice and Safety 
Performance in Offshore Environments. Safety Science2003. 641-80 p.

9.	� Pal A, Lal R, Frizelle F. Aviation-based teamwork skills work for surgeons: time for an ‘aviation 
bundle’? ANZ journal of surgery. 2018;88(12):1231-5.

10.	� Haerkens MH, Kox M, Lemson J, Houterman S, van der Hoeven JG, Pickkers P. Crew Resource 
Management in the Intensive Care Unit: a prospective 3-year cohort study. Acta anaesthesiologica 
Scandinavica. 2015;59(10):1319-29.

11.	� Haerkens MH, van Leeuwen W, Sexton JB, Pickkers P, van der Hoeven JG. Validation of the Dutch 
language version of the Safety Attitudes Questionnaire (SAQ-NL). BMC health services research. 
2016;16(a):385.

12.	� Ajlan AM, Harsh GRt. The human factor and safety attitudes in neurosurgical operating rooms. 
World neurosurgery. 2015;83(1):46-8.

13.	� Mardon RE, Khanna K, Sorra J, Dyer N, Famolaro T. Exploring relationships between hospital 
patient safety culture and adverse events. Journal of patient safety. 2010;6(4):226-32.

14.	� Christian CK, Gustafson ML, Roth EM, Sheridan TB, Gandhi TK, Dwyer K, et al. A prospective 
study of patient safety in the operating room. Surgery. 2006;139(2):159-73.

15.	� Stevens M, van Schaik J. Implementing new technologies for complex care: The role of 
embeddedness factors in team learning. 2020;66(1-2):112-34.



96	 CHAPTER V                         

16.	� Russ AL, Fairbanks RJ, Karsh BT, Militello LG, Saleem JJ, Wears RL. The science of human factors: 
separating fact from fiction. BMJ quality & safety. 2013;22(10):802-8.

17.	� Sexton JB, Thomas EJ, Helmreich RL. Error, stress, and teamwork in medicine and aviation: cross 
sectional surveys. BMJ (Clinical research ed). 2000;320(7237):745-9.

18.	� Sexton JB, Helmreich RL, Neilands TB, Rowan K, Vella K, Boyden J, et al. The Safety Attitudes 
Questionnaire: psychometric properties, benchmarking data, and emerging research. BMC 
health services research. 2006;6:44.

19.	� Nederhof AJ. Methods of coping with social desirability bias: A review. Eur J Soc Psychol. 
1985;15(3):263-80.

20.	� Savage C, Gaffney FA, Hussain-Alkhateeb L, Olsson Ackheim P, Henricson G, Antoniadou I, 
et al. Safer paediatric surgical teams: A 5-year evaluation of crew resource management 
implementation and outcomes. International journal for quality in health care : journal of the 
International Society for Quality in Health Care. 2017;29(6):853-60.

21.	� Smiley K, Ofori L, Spangler C, Acquaah-Arhin R, Deh D, Enos J, et al. Safety Culture and 
Perioperative Quality at the Volta River Authority Hospital in Akosombo, Ghana. World journal 
of surgery. 2019;43(1):16-23.

22.	� Makary MA, Sexton JB, Freischlag JA, Holzmueller CG, Millman EA, Rowen L, et al. Operating 
room teamwork among physicians and nurses: teamwork in the eye of the beholder. Journal of 
the American College of Surgeons. 2006;202(5):746-52.

23.	� Moulton CA, Regehr G, Mylopoulos M, MacRae HM. Slowing down when you should: a new 
model of expert judgment. Academic medicine : journal of the Association of American Medical 
Colleges. 2007;82(10 Suppl):S109-16.

24.	� Schmutz JB, Meier LL, Manser T. How effective is teamwork really? The relationship between 
teamwork and performance in healthcare teams: a systematic review and meta-analysis. BMJ 
open. 2019;9(9):e028280.

25.	� Buljac-Samardzic M, Doekhie KD, van Wijngaarden JDH. Interventions to improve team 
effectiveness within health care: a systematic review of the past decade. Human resources for 
health. 2020;18(1):2.

26.	� O’Connor P, Campbell J, Newon J, Melton J, Salas E, Wilson KA. Crew Resource Management 
Training Effectiveness: A Meta-Analysis and Some Critical Needs. Int J Aviat Psychol. 
2008;18(4):353-68.

27.	� Haerkens MH, Jenkins DH, van der Hoeven JG. Crew resource management in the ICU: the need 
for culture change. Annals of intensive care. 2012;2(1):39.

28.	� Sorra J, Khanna K, Dyer N, Mardon R, Famolaro T. Exploring relationships between patient 
safety culture and patients’ assessments of hospital care. The Journal of nursing administration. 
2014;44(10 Suppl):S45-53.

29.	� O’Dea A, O’Connor P, Keogh I. A meta-analysis of the effectiveness of crew resource management 
training in acute care domains. Postgraduate medical journal. 2014;90(1070):699-708.



V

SAFETY AND TEAMWORK DURING COMPLEX AORTIC SURGERY	 97







100	 CHAPTER VI                         

Abstract

Background
Patient education is crucial in the secondary prevention of cardiovascular disease. Novel 
technologies such as mixed reality expand the possibilities for providing visual support in 
this process. However, research on this technology in the patient domain is scarce. 

Objective
The aim of this study was to understand how patients perceive information provided after 
myocardial infarction and examine if mixed reality can be supportive in this process.  

Methods
Twelve patients that experienced myocardial infarction and six health care professionals 
were enrolled in the study. Clinical, demographic, and qualitative data were obtained 
through semi-structured interviews, with a main focus on patient experiences within the 
hospital and the knowledge they gained about their disease. These data were then used 
to map a susceptible timeframe to identify how mixed reality can contribute to patient 
information and education. 

Results
Knowledge transfer after myocardial infarction was perceived by patients as too extensive, 
not personal, and inconsistent. Notably, knowledge on anatomy and medication was minimal 
and was not recognized as crucial by patients, whereas professionals stated the opposite. 
Patient journey analysis indicated the following four critical phases of knowledge transfer: 
at hospital discharge, at the first outpatient visit, during rehabilitation, and during all follow-
up outpatient visits.  Important patient goals were understanding the event in relation to 
daily life and its implications on resuming daily life. During follow up, understanding physical 
limitations and coping with the condition and medication side effects in daily life emerged 
as the most important patient goals. The professionals’ goals were to improve recovery, 
enhance medication adherence, and offer coping support.  

Conclusion
There is a remarkable difference between patients’ and professionals’ goals regarding 
information and education after myocardial infarction. Mixed reality may be a practical tool 
to unite perspectives of patients and professionals on the disease in a more even manner, 
and thus optimize knowledge transfer after myocardial infarction. Improving medication 
knowledge seems to be a feasible target for mixed reality. However, further research is 
needed to create durable methods for education on medication through mixed reality 
interventions. 
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Introduction

Coronary artery disease  is a major cause of mortality in developed countries, leading to 
roughly 1.5 million deaths annually worldwide (1,2). Improvements in early recognition 
of the disease and treatment have significantly decreased the mortality rate after 
myocardial infarction over the last few decades (3). However, increased complexity 
in treatment and long-term care makes educating patients about their disease a 
challenge for health care professionals. Guiding patients through complex terminology, 
pathophysiological concepts, and extensive treatment options in a limited time frame is 
a stressful and demanding process for both the health care professionals and patients (4).  

Improvements have been made regarding patient information and education through 
extensive written information, informational videos, or digitalized “how does it look” visual 
models (5-8). Attempts at improving education in patients following myocardial infarction 
are scarce and have mainly focused on care processes and anatomical knowledge (9-11). 
With rapid development of new technologies such as virtual reality (12) or more recent 
mixed reality modalities (3) patient information and education approaches have also 
been changing (14-16). Mixed reality creates interactive digital three-dimensional (3D) 
projections that are viewed through a head-mounted display such as Microsoft Hololens. 
With the introduction of this new technology, the possibilities to support daily care increase, 
in particular regarding improvements in anatomical knowledge. However, this adds another 
layer of complexity to the care process. The question therefore remains as to how to best 
establish the added value of implementing a new technology such as mixed reality in the 
educational process on a patient level.

To optimize the process of patient information and education after myocardial infarction, 
information should add to the sustainability of health and disease prevention (17). The 
latter aspect is a particular cornerstone of myocardial infarction care (1). Toward this end, 
the aim of this study was to assess how patients perceive patient information and education 
resources offered after myocardial infarction without the use of a mixed reality app. 

A secondary aim was  to identify targets for mixed reality within the domain of patient 
information and education after myocardial infarction. 



102	 CHAPTER VI                         

Methods

Design 
This was a cross-sectional interview study. Ethical approval for the project was obtained 
through the local medical ethics committee of Leiden University Medical Centre (protocol 
number P18.132).

Study Population
Twelve consecutive patients who visited the dedicated outpatient clinic for patients after 
myocardial infarction were asked to participate in the study. The patients were at various 
stages in their recovery, ranging between 1 and 12 months after the initial myocardial 
infarction. In addition, two cardiologists, two nurse specialists, one psychologist, and one 
sexologist were included in the study to obtain the professional stakeholders’ point of view. 
Demographic data such as age, gender, occupation, and time of interviewing (1, 3, 6, or 12 
months after myocardial infarction) were collected. 

Additionally, clinical demographics such as comorbidities (smoking, hypertension, diabetes 
mellitus), initial diagnosis (ST-elevation myocardial infarction (STEMI) or nonST-elevation 
myocardial infarction (NSTEMI)), culprit lesion of the myocardial infarction, maximum 
troponin levels at admission, and left ventricular ejection fraction (LVEF%) at hospital 
discharge were collected from the electronic medical record. 

Semi-structured Interviews and Questionnaires
In line with existing value-based health care literature, generic Patient Reported Outcome 
Measure tools were used in the current study (18). First, we evaluated whether patients felt 
that the information provided during clinical care was sufficient,  if they understood what 
medications they were taking, and the purpose of the medication. Second, we assessed the 
extent of knowledge the patients had about their disease and the effect on cardiac function.

We conducted semi-structured interviews to assess patients’ knowledge about personal 
myocardial infarction characteristics. A list of investigator created open questions was used 
to conduct the interviews. The first part of the interview included questions related to 
social and demographic factors. The second part of the interview consisted of questions 
related to myocardial infarction-specific knowledge. The last part of the interview included 
the Generic Short Patient Experiences Questionnaire (GS-PEQ). This questionnaire was 
originally developed to be used in multiple health care settings to evaluate the patient 
experience through standardized questions in addition to other qualitative measures such 
as semistructured interviews (19). According to the aim of this study, the GS-PEQ was used 
to gain insight in patients’ opinions about their experience during clinical care.  
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Since one of the core features of mixed reality is visualizing complex 3D models to interact 
with, it is relevant to understand if patients have a basic understanding of cardiac anatomy. 
Therefore, the level of knowledge about coronary artery disease was tested. Two forms 
were used: one that showed a representation of the coronary arteries, in which the patients 
could label the vessels that were occluded/obstructed in their case (figure 1), and the other 
included two diagrams representing the simplified cardiac anatomy of the heart on which 
patients could label the area affected and how it is related with pump function, if applicable 
(figure 2). All interviews were audio-recorded and subsequently transcribed.

Semistructured Interview With Professionals
To gain insights into the process and map the professionals’ perspective on information 
provision during the patient journey,  semistructured interviews were conducted with 
professionals engaged in the treatment of patients with myocardial infarction. A list of 
investigator created questions was used to guide the interviews, which were adapted 
according to the specific professional activities. The main focus of the interviews was to 
identify the materials professionals use to interact with patients, the dynamics of the 
consultations they conduct, and how and when they consider the need to educate patients. 

Analysis

Content Analysis
Content analysis was used to structure all of the qualitative data from the interviews, 
which were summarized through descriptive statistics and examples of general comments. 
Numerical data are presented as means (SD) and categorical data are presented as 
proportions. GS-PEQ outcomes were used to structure the patient journey (see further 
description below); these outcomes were then used for the establishment of themes 
relevant to both professionals and patients.

Patient Journey Analysis
A patient experience journey was created via a standardized approach to analyze the patient 
experience within the dedicated care track of myocardial infarction treatment, with specific 
attention paid to knowledge transfer between professionals and patients (21). For this 
purpose, the patients underwent observations during outpatient visits at our department, 
and were then interviewed subsequently with the researchers and were asked to fill out 
questionnaires consecutively. Patient journey mapping is a frequently used method among 
design engineers, but is relatively new in the medical domain. 
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This approach combines several methods to best understand the patient’s experience by 
dividing the management of a specific condition, or process such as education, into a series 
of consecutive steps or events (21). The mapping is performed using data collected from 
semistructured interviews, questionnaires, and observations. Combining these data, the 
result of the final patient journey offers a description of the dedicated care track as seen 
by professionals and experienced by the patient. In this study, the patient journey analysis 
included descriptions of the main event (myocardial infarction), acute treatment and total 
duration of treatment, the environment in which treatment takes place, and interactions 
with professionals. Importantly, this analysis can highlight the key points of knowledge 
transfer, materials of interaction, patient concerns, patient goals, professional goals, and 
guide eventually possible mixed reality interventions throughout the patient experience 
when treated for myocardial infarction.

Results

Demographics of the Study Population
A total of 12 patients and 6 professionals were interviewed in this study. There were 9/12 
(75%) and 3/6 (50%) men in the patient and professional group, respectively. The average 
age of the patients and health care professionals was 62.7 (SD 10.4) years and 43.2 (SD 
9.6) years, respectively. Among the patients, there were 2/12 (17%) current smokers, 
and the remaining 10 (83%) had stopped smoking after myocardial infarction. Six (50%) 
patients suffered from hypertension and 2/12 (16%) had diabetes. The majority of patients 
(10/12, 83%) suffered from a STEMI, with a common culprit vessel being the left anterior 
descending artery (6 patients, 50%, Table 1). The average LVEF at discharge after myocardial 
infarction was 49.8% (SD 6.8%) and the average maximum troponin release was 8140.3 ng/L 
(SD 13.623). 
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General Experience 
Six (50%) patients (all men) indicated that the information shared (written or spoken, 
presented in analog or digital format) was too extensive and repetitive, whereas one male 
patient stated that more information was needed. Overall, the patients indicated that 
clinicians were able to provide them with sufficient care, specifically regarding information 
on their diagnosis. However, 9/12 (75%; 2 women, 7 men) patients noted that they were 
not involved in specific decisions regarding their treatment process. Only one male patient 
reported that the given treatment was incorrect according to his own judgement (Table 2). 

Table 2. Generic Short Patient Experiences Questionnaire (GS-PEQ) (N=12).

Question Agree (n, %)

Did the clinician talk to you in a way that was easy to understand? 12 (100)

Do you have confidence in the clinicians’ professional skill? 9 (75)

Did you get sufficient information about your diagnosis? 11 (92)

Did you perceive the treatment as adapted to your situation? 11 (92)

Were you involved in decisions regarding your treatment? 3 (25)

Did you perceive the institution’s work to be well organized? 12 (100)

Did you have to wait before you were admitted for services at the institution? 12 (100)

Overall, was the help and treatment you received at the institution satisfactory? 11 (92)

Did you benefit from the care given at the institution? 11 (92)

Do you believe that you were in any way given incorrect treatment? 1 (8)

From the professionals’ perspective, optimal timing for information exchange is perceived 
at the first visit at 1 month after myocardial information (6/6, 100%). All professionals (6/6, 
100%) also stated that they wish to educate patients in a understandable and complete 
manner, although the timeframe is perceived to be too short in the outpatient setting. 

Medication Usage 
Six of the 12 (50%, 2 women, 4 men) patients were unaware of the type of medication they 
were taking and its purpose. In addition, 10/12 (83%, 3 women, 7 men) patients considered 
the medication to influence their recovery in a negative manner.
 
From the professionals’ perspective, written and hand-drawn educational information were 
stated as the most frequently used materials for both providing medication information and 
anatomical knowledge transfer (6/6, 100%), followed by video (3/6, 50%) and Microsoft 
PowerPoint presentations (1/6, 17%). Accurate insight on medication (“what medication do 
you use and why?”) among patients was perceived to be poor by professionals; 4/6 (85%) 
of the professionals stated that they frequently encounter this problem in the outpatient 
setting. The professionals equally stated a desire to educate patients on the cardioprotective 
function as completely as possible (6/6, 100%). 
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Anatomical Knowledge
Regarding anatomical knowledge, 4/12 (33%, 1 woman, 3 men) patients were aware of the 
culprit vessel (Figure 1, Table 3) and 4/12 (33%, 1 woman, 3 men) knew the affected site 
(Figure 2, Table 4). Only 2/12 (17%, both men) patients knew the area of the heart that was 
affected by the culprit lesion: 10/12 (83%, 3 women, 7 men) patients had no knowledge 
of the relationship between the diseased (culprit) vessel and the effect on their heart. Six 
(50%, 1 woman, 5 men) of the patients noted that this type of information was not relevant 
to them. Examples of comments given by patients are shown in Textbox 1.

Table 3. Culprit lesion knowledge (also see Figure 1).

Patient Culprit lesion Correctly shown in figure?

1 LADa No

2 LAD Yes

3 RCAb No

4 RCA No

5 LAD No

6 RCA No

7 LAD Yes

8 RCA Yes

9 LAD No

10 D1c Yes

11 RCxd No

12 LAD No

aLAD: left anterior descending artery, bRCA: right coronary artery, cD1: left anterior descending artery diagonal 
branch, dRCx: circumflex artery.

Table 4. Affected site knowledge (see Figure 2).

Patient Correct site shown

1 No

2 No

3 No

4 No

5 Yes

6 No

7 Yes

8 Yes

9 No

10 No

11 No

12 Yes
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Textbox 1. Example patient comments related to information exchange with professionals.

•   Overall information exchange

“Too much information to comprehend at once”

“I really don’t need to know all what they tell me”

“I really wanted to know way more than they tell me”

•   Medication-related information

“I have no idea what I am taking”

“I am in charge over my body and I want to live a great life without medication”

“So many pills! That is a big problem for me, but what can I do?”

“I have different kind of colors and sizes, don’t know what they do”

Figure 1. Representation of coronary arteries. Patients were asked the following: “Could you please tick on the 
boxes which of your arteries have been affected, if any? Also, on the left illustration, draw the parts affected after 
the myocardial infarction.”
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asked: “Could you please tick on the boxes corresponding to the parts of your heart that have been affected, if 
any? Also, draw the affected parts on the left illustration.”

All professionals (6/6, 100%) stated that there should be more time available to educate 
patients on an anatomical understanding of myocardial infarction.

Patient Experience Journey: Care Track and Opportunities for Mixed Reality
Information Exchange Goals 
Figure 3 shows the key elements regarding knowledge transfer after myocardial infarction, 
and Multimedia Appendix 5 provides a full overview of the patient journey. The patient 
journey includes the goals of both patients and professionals at each step of the care track. 
Key points regarding information transfer were assessed at hospital discharge, during the 
first outpatient visit, and during the rehabilitation initiation. Information exchange during 
these phases is currently performed using drawings, the post-myocardial infarction care 
track information booklet, and videos (Figure 3).
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Patient

Index Event and Admission

• Understand what 
happened.

• Understand recovery 
process.

• Understand impact on 
daily life.

• Pathology 
knowledge.

• Importance of
medication.

• Call 911 when 
necessary.

Professional

• Cardiac function importance of 
medication use.

• Consequences in daily life.
• Riskfactor impact.

Models with a focus on:

Information transfer goals Possible MR targets

Current media use: booklets, dragwings.

Patient

First Outpatient Visit

• Understand current 
condition.

• Understand side 
effects.

• Coping in daily life.

• Initiate proper 
recovery.

• Enhance medication 
adherence.

• Psychological 
guidance.

Professional

• Recovery of the heart.
• Importance of medication use.
• Medication side effects.
• Riskfactor impact.

Models with a focus on:

Information transfer goals Possible MR targets

Current media use: booklets, dragwings.

Patient

Rehabilitation

• Recover physical level 
as before MI.

• Understand impairment 
of physical fitness.

• Enhance heart 
recovery.

• Medication
adherence.

• Optimal physical 
fitness.

Professional

• Recovery of the heart.
• Importance of medication use.
• Limitations in physical fitness.

Models with a focus on:

Information transfer goals Possible MR targets

Current media use: booklets, dragwings, video.

Patient

Follow-up Outpatient Visit

• Understand current 
condition.

• Cope with/resolve side 
effects.

• Coping in daily life.

• Prolong survival.
• Enhance medication 

adherence.
• Prepare for 

discharge to GP.

Professional

• Total recovery of the heart.
• Importance of medication use.

Models with a focus on:

Information transfer goals Possible MR targets

Current media use: booklets, dragwings, video.

Patient

Patient

Patient

Patient

Figure 3. Overview of patient experience regarding knowledge transfer and mixed reality (MR) possibilities.
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Discharge and First Outpatient Visit
Patient goals at discharge were understanding what happened, what the current condition 
is, and how  it affects their daily life. Professionals focus on describing the event, relating 
it to risk factors, and stressing the importance of seeking attention when similar symptoms 
that may indicate a myocardial infarction are experienced. 

Goals at the  first outpatient visit were the same as those at discharge with the addition of 
understanding the side effects of medications as well as coping with the disease in daily life. 
Professionals focus on optimal recovery through optimal medication adherence, stressing 
the importance of rehabilitation and providing psychological guidance when needed. Mixed 
reality can help to visually support the patient’s clinical state when they leave the hospital, 
as well as stressing the importance of medication, risk factor impacts such as smoking, and 
possible side effects of medication that are to be expected (Figure 3).

Rehabilitation and Outpatient Follow Up
During rehabilitation, patient goals focus on physical fitness in terms of understanding 
the impairment of the disease and reaching the pre-myocardial infarction level of fitness. 
Professionals focus on increasing physical fitness through exercise and support recovery by 
stressing medication adherence. 

During outpatient follow up, patient goals focus on adjusting to the current health condition 
in daily life and understanding the potential side effects that may occur. Professionals focus 
mainly on prolonging survival by optimizing medication adherence and lifestyle as well to 
prepare patients for eventual discharge to the family physician. Mixed reality can visually 
support the physical condition of patients by showing the current state of heart function 
and its effect on physical fitness, along with the state of recovery the heart and highlighting 
the long-term importance of medication on survival.
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Discussion

Principal Findings
Overall, the results of the current study demonstrate that patients and clinical staff have 
very different opinions about the overall information shared during outpatient clinical visits, 
anatomical knowledge, and medication. First, patients reported that the information shared 
was too extensive and superfluous, whereas staff members stated a desire to share more 
information. Second, patients perceived medication as a hurdle toward their recovery, 
whereas professionals viewed the medication as an important part of their recovery. Third, 
the anatomical knowledge of patients was minimal regarding the culprit lesion and its effect 
on cardiac function. The patient journey in this regard showed that patients transition from 
a state of uncertainty to a state of confidence; however, the lack of knowledge remains and 
reassurance by health care providers is regarded as important. 

Patient Information Education After Myocardial Infarction 
Throughout the year following myocardial infarction, patients see roughly 4 clinical 
specialists and often also see a psychologist or sexologist, all of whom elaborate on the 
same concept of myocardial infarction. 

However, our outcomes suggest that patient knowledge of simple anatomical and 
physiological concepts of heart disease remains minimal. Furthermore, patients regard 
medication as a hurdle toward recovery although it is the hallmark of secondary prevention 
in cardiovascular care. Scott et al (22) found that patients ranked explanation of anatomical 
and pathophysiological concepts as well as medication information as of high importance 
after myocardial infarction; however, the effect of teaching these aspects to patients 
regarding their long-term survival is not known. It is also questionable if teaching of these 
concepts is essential to reach the goal of preventing new myocardial infarction, and evidence 
in this regard is lacking.

Our patients received identical information after myocardial infarction; however, they 
seem to have gained little understanding from this education, and mainly perceived the 
information provided as too extensive, which was not considered to be in line with their 
own goals. Therefore, our study highlights room for improvement in patient information 
education after myocardial infarction. 

Professional goals (prevention of new myocardial infarction) and patient goals (living a normal 
life) differ to a striking degree (Figure 3). Although the necessity of teaching anatomical and 
pharmacological concepts might be debatable, patient care regarding information exchange 
should be in line with the goals of patients to support patient-centered care (18). 
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To unite these goals, the interaction between a patient and professional needs to be assessed 
and reevaluated based on the results of our study. When this information exchange is goal-
oriented, learning and adoption of new information will be more effective, as stated by 
the cognitive load theory proposed by Sweller (23). This theory states that the methods of 
information exchange should promote a low extraneous cognitive load (ie, presentation of 
information). Conventional methods (ie, booklets) create high levels of extraneous load, 
whereas visual methods create a low extraneous load (23). Therefore, use of a mixed reality 
app might effectively aid in generating a low extraneous load and offer a new method of 
learning. This warrants further research, particularly if implementation of mixed reality for 
patient information education can lead to improvement of medication adherence.

Identifying Targets for Mixed Reality
As seen in the patient journey analysis, there are certain points at which mixed reality 
may provide solutions in patient information exchange. Certain targets might provide less 
information, but will nonetheless be aligned with actual patient data, including guidance on 
the effect of medication on their current health condition.

Mixed reality has been recently popularized by the development of Google Glass and 
subsequently Microsoft HoloLens, released in March 2016 (15). HoloLens can project 
interactive 3D images in the field of vision of the user and recognize the environment owing 
to the presence of four environment-sensing cameras, a depth camera, and a light sensor. 
Apart from recognizing the environment, HoloLens also memorizes it, thereby reducing 
the time required for the next interaction. HoloLens can also recognize human gestures to 
enable interaction and teamwork around the same projected objects, owing to integration 
of human understanding software such as spatial sound, gaze tracking, gesture input, and 
voice support (24).
 
Table 5 provides an overview of the different types of media available for mixed reality and 
their usability, along with a summary of usability and capabilities. 

The main capabilities of HoloLens to be considered in the outpatient setting are: (i) 
recognize and interact with the environment, to choose the best environment for the 
interventions and base the design accordingly; (ii) project 3D images that can rotate, scale, 
or move; and (iii) encourage teamwork by enabling doctors and patients to collaborate 
through synchronization of doctor and patient images in space, giving them an opportunity 
to collaboratively study the model. Through these capabilities, mixed reality creates new 
ways of collaboration between the patient and professional. Recent studies have tested 
mixed reality for medical training (16) and as a surgical assistive technology (25). For medical 
students, especially those with lower visual-spatial abilities, mixed reality was shown to 
significantly improve 3D knowledge acquisition (26). 
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However, no apps currently exist that use mixed reality specifically to educate myocardial 
infarction patients or to improve their experience during the treatment after myocardial 
infarction. 

Table 5. Media types and usefulness in patient education.

Usability and capability  Mixed Reality 
(HoloLens)

Augmented 
Reality

Virtual 
Reality Video Text and 

Images
Interaction between two 

or more users Full Partial Partial No No

Movement Yes Yes Yes Partial No

Environment aware Yes Partial No No No

Device needed Yes Yes (phone) Yes (phone)
Yes  

(TV, computer, 
or phone)

No

Our results indicate that mixed reality may be of aid in compiling patient-specific data in one 
model such as a simplified model of the heart and coronary anatomy using radiographic and 
ultrasound data. This may be used at the end of the hospital stay when patients are fit to 
go home, and when uncertainties are present. A mixed reality intervention at discharge can 
provide a crude overview of myocardial infarction and the importance of medication and 
education on minimizing risk factors such as smoking. 

This technology can be used consecutively throughout all outpatient visits, compiling cardiac 
function in the model and thereby offering the possibility to use one model consecutively. 
Furthermore, mixed reality can be used to explain the effects of medication on long-term 
survival. 

Medication as a Specific Target for Mixed Reality
The patients included in our study perceived medication as a hurdle toward recovery. They 
indicated that this is mainly coupled to side effects but also that the beneficial effects 
are unclear (despite all information provided). Optimal medical therapy after myocardial 
infarction is the cornerstone of cardioprotective care and is essential in preventing new 
events (12). This has been stressed by both the European and American cardiology societies 
(27). However, nonadherence to medication is a common problem (28). Through the years, 
attempts have been made to improve this limitation; however, it remains a  challenge 
to create sustainable interventions (29). The patient journey analysis suggested that 
reassurance is important for patients to understand their condition such as whether or not 
they are physically fit. 
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Clear explanation of medication benefits on their health and daily life may resolve the lack 
of understanding of medication effects and potentially lower the need for reassurance. 

Tailoring education to patient-specific features and needs such as medication adherence 
seems to be effective, which has been proposed in other studies. Nieuwkerk et al (20) 
demonstrated that by clarifying the effect and importance of statins visually, low-density 
lipoprotein cholesterol levels can be reduced along with an increase in the intake of statins. 
A randomized study conducted by Jones et al (30) in 2015 showed that providing visual 
education after myocardial infarction improved illness and medication perceptions in the 
intervention group. A similar approach may be feasible in patients after myocardial infarction 
that are offered a new form of education through mixed reality. A model could be developed, 
not focusing on anatomy per se but rather on statin use and the effect on the patient’s 
cardiovascular health, such as by demonstrating atherosclerosis in coronary vessels, which 
is targeted by statin therapy (1). The effect of such a mixed reality intervention could be 
measured according to assessing medication beliefs and illness perceptions. 
Further research is needed to test our assumptions. Importantly, the implementation and 
evaluation of a mixed reality app in the elderly should be undertaken. With increasing age, 
potential users will be between 60 and 80 years old, which is accompanied by different 
forms of disabilities (ie, impaired vision, hearing, or cognitive function) that can complicate 
use. However, mixed reality seems to be an accessible and feasible tool in the elderly, as 
highlighted by Rohrbach et al (31) in patients with Alzheimer disease. Since patients with 
Alzheimer disease comprise a complex patient group, it is feasible to assume that patients 
with no cognitive impairments might also benefit from mixed reality apps. In this era of 
rapidly evolving technology that brings new opportunities regarding patient information 
education, it is important to thoroughly evaluate how these technologies can be used in 
a changing medical setting and with what goal in mind, especially given the sparsity of 
research on the topic.

Limitations

There are certain limitations to our study. First, all interviews were conducted in a group 
of patients and professionals belonging to a single hospital. Using a different group of 
professionals and patients from different hospitals and social backgrounds, different 
outcomes may be generated concerning patient information education. Second, and 
following this point, the small study size could have led to overestimating the assumptions 
such as the problems patients have with medication. Further investigation on this subject 
is therefore warranted. Third, observational interview studies have inherent biases (such as 
responder bias or social desirability bias). This can also be corrected using a larger-scale study.  
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Conclusion

We identified a remarkable difference between the goals of patients and health care 
professionals regarding information and education after myocardial infarction. Mixed reality 
may be a practical tool to unite the perspectives of patients and professionals on the disease 
in a more even manner, and thus optimize knowledge transfer after myocardial infarction. 
Medication understanding seems to be a feasible target for mixed reality. However, further 
research is needed to develop durable methods for education on medication through mixed 
reality. 
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Abstract

Background
Statin treatment is one of the hallmarks of secondary prevention after myocardial infarction. 
Adherence to statins tends to be difficult and can be improved by patient education. Novel 
technologies such as Mixed Reality (MR) expand the possibilities to support this process. 

Objective
To assess if an MR medication-application supports patient education focused on function 
of statins after myocardial infarction. 

Methods
A human centered design-approach was used to develop an MR statin tool for Microsoft 
HoloLens™. Twenty two myocardial infarction patients were enrolled; twelve tested the 
application, ten patients were controls. Clinical, demographic, and qualitative data were 
obtained. All patients performed a test on statin knowledge. To test if patients with a 
higher tendency to become involved in virtual environments affected test outcome in the 
intervention group, validated Presence- and Immersive Tendency Questionnaires (PQ and 
ITQ) were used.

Results
Twenty two myocardial infarction patients (STEMI, 18/22, 82%) completed the study. Ten 
out of twelve (83%) patients in the intervention group improved their statin knowledge by 
using the MR application (median 8 points, IQR 8). Test improvement was mainly the result 
of increased understanding of statin mechanisms in the body and secondary preventive 
effects. 

A high tendency to get involved and focused in virtual environments was moderately positive 
correlated with better test improvement (r=0.57, P<0.05) The median post- test score in the 
control group was poor (median 6 points, IQR 4).

Conclusions
An MR statin education application can be applied effectively in myocardial infarction 
patients to explain statin function and importance.
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ADL		  Activities of Daily Living
AR	      	 Augmented Reality
DT		  Design Thinking
ITQ		  Immersive Tendencies Questionnaire
IQR		  Inter Quartile Range
MI		  Myocardial Infarction
MR		  Mixed Reality
NSTEMI		  Non ST-Elevation Myocardial Infarction
PQ		  Presence Questionnaire
STEMI		  ST- Elevation Myocardial Infarction
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Introduction

Global mortality and morbidity due to coronary artery disease is high; roughly 85% of all 
cardiovascular deaths is due to myocardial infarction alone(1). Hypercholesterolemia is an 
important risk factor in the development of coronary atherosclerosis, and an important 
determinant of recurrent myocardial infarction(2). Statin treatment is the hallmark of 
secondary cardiovascular disease prevention, however statin adherence among patients 
remains a challenge(3, 4). Non-adherence to statins increases the risk of new cardiovascular 
events drastically(5).

Statin non-adherence is commonly related to both unintentional (practical) and intentional 
(motivational) barriers(4, 6, 7). Sociodemographic patient factors, negative media coverage, 
and the nocebo effect are contemporary factors that negatively affect statin adherence(8, 
9). To improve statin adherence, patient education is essential(10). Visual anatomy or 
pathophysiology models can support healthcare professionals in this process(11-14).

Visual education of myocardial infarction patients is commonly done via conventional 
methods in the outpatient setting, such as booklets or online videos. Nonetheless, 
improvements regarding visual education have been made over the years (15, 16). 

With rapid development of new technologies such as augmented- and mixed reality 
(AR/MR)(17, 18), options in visual patient education are expanding(19, 20). MR creates 
interactive digital three-dimensional (3D) holographic projections, overlaying virtual objects 
on the real-world environment. While augmented reality only overlays objects, MR anchors 
virtual objects to the real world, fostering interaction between user and virtual object. 
For medical students, MR technology supports education and improves learning(18, 21). 
Papers with a focus on patient education with extended realities such as virtual- or augmented 
reality become more present in daily clinical care(22-24). However, education through MR is 
scarce and non-existent in clinical cardiology to date. Interestingly, a recent study found that 
statin education might be a feasible target for an MR application in myocardial infarction 
patients(25).  

The aim of the present study was to develop and test the feasibility of an MR statin education 
application in the outpatient setting of myocardial infarction patients. It was hypothesized 
that an interactive MR model is effective in transferring knowledge about the function of 
statins after myocardial infarction. Furthermore, it was hypothesized that patients who 
become easily focused and immersed within virtual environments would benefit the most 
from this technology(26). 
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Methods

This non-randomized controlled observational study is part of a project investigating the 
clinical application of MR in myocardial infarction patients. Ethical approval for the project 
was obtained through the local medical ethics committee of Leiden University Medical 
Center (protocol number P18.132). 

General Study Design
An overview of the study design is presented in figure 1. Twenty two patients who visited 
the dedicated myocardial infarction outpatient clinic were asked to participate in the study; 
twelve underwent the intervention, ten patients were used as a control group. 

For the intervention group, inclusion criteria were; patients, of 18 years or older i) who had 
either a ST-elevation myocardial infarction (STEMI) or non ST-elevation myocardial infarction 
(NSTEMI) and were treated in our center, ii) were one month after initial myocardial 
infarction, and iii) without impaired vision or hearing which could interfere with using the 
application. Patients were excluded if they had participated in the previous study in our 
center concerning MR use in the outpatient setting(25). Informed consent was collected 
prior to study participation. Demographic data such as age, gender and occupation were 
collected. Initial diagnosis (STEMI/NSTEMI), pharmaceutical data such as type of statin 
used, dosage and possible side effects were collected from the electronic medical record. 
An MR model was shown to all patients in the intervention group in the outpatient clinic 
via a first generation Microsoft™ HoloLens™. The procedure was guided by a research 
assistant. Patients were instructed to follow HoloLens audio cues and use all functionalities 
of the application for one hour. General comments on application-use were simultaneously 
collected by the assistant. Patients in the intervention group filled out a pre-test on statin 
knowledge and the Immersive Tendency Questionnaire (ITQ, see below) before using the 
MR model. The pre-test score was deemed ‘test-score after conventional education’ (T=0, 
figure 1). The ITQ assesses if a patient has either a high or low tendency to become focused 
in virtual environments. After using the model, the Presence Questionnaire (PQ) was filled 
out; this assesses if the MR model generates high levels of focus for what is shown (statin 
function). The post-test (T=1, figure 1) consisted of a telephone interview with a focus on 
statin knowledge. 

A control group was used to determine the general effect of conventional statin education 
via a nurse on statin knowledge in myocardial infarction patients. For the control group, 
inclusion criteria were: patients, of 18 years or older i) who had either a STEMI or NSTEMI 
and were treated in our center, ii) were discharged one month prior to study begin or longer 
and had received conventional education from a specialized nurse at hospital discharge and 
during outpatient follow-up. 
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All control patients were naïve for the purpose of the study and completed the post-test via 
telephone at either 1, 6 or 12 months after discharge. This post- test score (T=0, figure 1) was 
deemed ‘test score after conventional education’. Patients were excluded if they had participated 
in the previous study in our center concerning MR use in the outpatient setting(25).

Intervention group

Control group

T -1 T = 0 T=1

MI • Pre-test
• Immersive 

Tendencies 
Questionnaire

HoloLens Post-test

T -1 T = 0

1 month 3 weeks

Post-test

MI

1 / 6 / 12 months

Figure 1. Study overview (intervention- and control group).
Caption: intervention group patients completed a pre-test on statin knowledge after conventional education (T=0) and 
a questionnaire on immersive tendencies before using the HoloLens application. After using the HoloLens, a presence 
questionnaire was filled out. Three weeks later, all patients completed the post-test on statin knowledge via phone.  
All control group patients underwent the post-test via telephone, after they had received the conventional 
education (T=0) via a specialized nurse, 1, 6 or 12 months after their initial myocardial infarction.

Development of the Mixed Reality Model
The ‘double-diamond’ human centered design approach, as introduced by the British 
Design Council in 2005, was used to create the application(27-29). This approach maps the 
divergent and convergent stages of a design process, showing different modes of design 
thinking in a structured manner (Figure 2A-D). The first phase (Figure 2A) comprised the 
preceding study and concluded that statin therapy might be a feasible target for an MR 
application (25). For the next phase, a correct anatomical 3D heart model (Figure 1B) was 
obtained online to develop further into a first prototype (Figure 2C). The final phase (Figure 
2D) concerns the development of a commercially available product and, as such is not part 
of the current study. For prototype development, in addition to the patient perspective(25), 
interviews with two specialized nurses and two cardiologists frequently attending myocardial 
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infarction patients in the outpatient setting of our hospital, were used to define the essential 
educational topics regarding statin function to be shown in the model. 

This concluded that, to understand statin function, the model should contain animations of; 
i) cholesterol particles in the blood, ii) atherosclerosis in the coronary vessels, iii) an effect 
of cholesterol on atherosclerosis, and iv) an effect of statins on cholesterol particles and 
thus atherosclerosis. Additionally, the effect of atherosclerosis on blood flow and an effect 
of blood flow on oxygen distribution in the heart was incorporated. 

The prototype was built using a set of tools to create an MR model in Blender 2.79, Microsoft 
™ Visual studio community 2017, Mixed Reality Toolkit (Version 2017.4.0.0) and Unity, a game 
development tool, in which 3D or 2D models are programmed using C# or JavaScript(30). The 
model was stored on a first generation Microsoft™ HoloLens™, Development Edition with a 
Windows 10 update (Version 10.0.17763.134). With the Microsoft™ HoloLens™, interactive 3D 
holographic models can be freely handled via hand gestures. Additionally, within the prototype, 
the user could activate different animations such as ‘show cholesterol particles’, ‘blood flow’ 
or  ‘show atherosclerosis’ in the coronary vessels. When ‘statin function’ was activated, the 
amount of cholesterol particles would decrease and the severity of atherosclerosis would 
decrease. Eight  educational audio cues were recorded and build into the model (appendix 1). 
The final version of the prototype (C) was used in the present study. A video of the model is 
added as a supplementary file (video appendix 1).

A B
C

C C

Starting point:
Can MR be useful in 
educating patients?

Result: possible target is 
medication education.

Problem definition:
What model should be 
used?

Solution:
Online modifiable model.

Target definition: 
What should be shown?
Solution: cholesterol 
particles, 
atherosclerosis, statin 
effect.

Iteration step:
What should be 
improved?
Solution: add color to 
heart and cholesterol, 
add audio instructions.

Discover Define Develop Deliver

Figure 2. Double Diamond method.
Caption: the double diamond design approach is a standardized method to assess a problem through diverse 
divergent- and convergent steps (A – C) and ultimately deliver a solution (D). 
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Assessment of Knowledge on Statin Function
Patient’s understanding of statins was tested via a pre- and post-test. The pre-test consisted 
of five questions regarding statin-effects in the body: i) ‘what substances in the body are 
affected by statins?’, ii) ‘in what part of the body do statins work/have their function?’, iii) 
‘which side effects do statins commonly give?’, iv) ’how long do statins stay active in the 
body?’ and v) ‘how fast do statins work in the body?’. Correct answers, or answers containing 
elements as ‘cholesterol/LDL’, ‘lower cholesterol and/or prevent new cardiovascular events’, 
‘muscular- and gastro intestinal complaints’, ‘a month’ and ‘within one or two hours’ were 
rewarded 10 points maximally (appendix 3). 

The post-test consisted of one open question for which, identically, 50 points could be 
scored maximally: ‘Could you elaborate in your own words, what the function of statins is in 
the body and what negative effects can occur because of it’. Each correct part of the answer 
was rewarded with 10 points, equal to the pre-test (appendix 3). Both pre- and post-test 
were identical regarding contents. 

Control patients only took the post-test. All test outcomes were separately scored by 
researchers ADH and JE and compared afterwards to reach consensus. The test improvement 
(difference in pre- and post- test score) was calculated for each patient. 

Measurement of Presence and Immersive tendencies
Patients’ personal tendency to become focused and immersed within the MR model and 
its visualizations, were investigated via validated Immersive Tendency-, and Presence 
Questionnaires (ITQ and PQ)(26). Both questionnaires are used to characterize the likelihood 
of subjects to become fully focused within a virtual environment(31, 32). The ITQ quantifies 
a person’s individual tendency to become focused in virtual environments. 

High cumulative scores (minimum 18 – maximum 126) represent a high tendency to 
become easily immersed in virtual environments. The PQ quantifies the amount of focus a 
person experiences on objects or tasks, generated by a digital application. The higher the 
cumulative score (minimum 22 - maximum 154), the higher the focus for the objects shown 
in the MR model (see appendix 2).

For this study, two questions regarding haptic feedback were removed from the original PQ 
as this feature was not present in our application. Both ITQ and PQ scores were compared 
and correlated with the changes in test results, to determine if these device and patient 
characteristics showed a relationship with test improvement.
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Analysis
Non-normally distributed ITQ, PQ and pre- and post-test numerical data are presented 
as absolute numbers with medians and Inter Quartile Range (IQR). A Spearman Rank test 
for correlation was calculated for non-normally distributed data; correlation coefficients 
(r) between Immersive Tendency and test improvement, as well as Presence and test 
improvement were calculated. Content analysis was used to structure all qualitative data; 
authors ADH and JE categorized responses to major themes that emerged from the data. For 
analysis, SPSS Statistics for Windows, version 23.0 (IBM Corp), was used. A P-value of less 
than .05 was considered significant. 

Results

Study Population - Demographics
Twenty two myocardial infarction patients were enrolled in the study; the intervention 
group consisted of 9/12 (75%) males. Median age  was 60.0 (IQR 9,5) years. The control 
group consisted of 5/10 (50%) males, median ages was 63.0 (IQR 5) years. All patients in the 
intervention group were tested at one month after initial myocardial infarction. Patients in 
the control group, were recruited at variable time-points after the initial MI: 1 month (n=3), 
6 months (n=3) and 12 months (n=4). The majority of patients (18/22, 82%) suffered initially 
ST-elevation myocardial infarction (STEMI) (table 1 and 2). 

Most patients used Atorvastatin 40 milligrams once daily (16/22, 73%), with an average 
duration of 1,5 (SD 0.6) years since the initial myocardial infarction. Muscle cramps (7/22, 
32%) and fatigue (2/22, 10%) were frequent encountered side effects. Three (3/22, 14%) 
patients had personally terminated statin therapy during outpatient follow up; 19/22 (86%) 
of patients self-reported full adherence to statins (table 1 and 2).  In comparison to the 
intervention group, the control group consisted of slightly more; NSTEMI patients (20% vs 
17%, p=.82), females (50% vs 25%, p=.37) and therapeutically adherent patients (100% vs 
75%, p=0.08) with a higher median age (63 years, IQR 5 vs 60 years, IQR 5, p=.1). These 
differences were however not statistically different. 
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Test Results
Table 3 shows test results, ranked highest to lowest, with patients’ ITQ and PQ scores for 
the intervention group. Median pre-test score was 13 out of 50 (IQR 17) points. The pre-test 
showed that 8 (67%) patients recalled that statins had some effect on cholesterol in the 
body, however 7 (60%) patients could not elaborate what the underlying mechanism was 
(i.e. lowering of cholesterol and reducing atherosclerosis, preventing new cardiovascular 
events).  Median post-test score was 21 out of 50 (IQR 11) points; a median increase of 
8 (IQR 8) points after three weeks (table 3). Test improvement was mainly related to an 
increase of understanding that statins have a lowering effect on cholesterol, positively 
affecting atherosclerosis in the coronary vessels and thereby preventing new cardiovascular 
events; 10/12 (83%) patients could explain that effect in their own words.

The control group scored a median post-test score of 6 out of 50 points (IQR 4)(table 4); the 
post-test showed that 8 (80%) patients recalled that statins had some effect on cholesterol 
in the body, however 8 (80%) patients could not elaborate what the underlying mechanism 
was (i.e. lowering of cholesterol and reducing atherosclerosis, preventing new cardiovascular 
events etc.). 

Two patients had no knowledge of why they used statins. In comparison to the intervention 
group, the control group test score after conventional education (T=0, figure 1) was slightly 
lower (6 points vs 13 points, p=.02). Comparing all control-group and intervention-group 
patients at 1 month of follow up, median test scores were comparable (10 points vs 13 
points, p=.4).

ITQ and PQ outcome
Table 3 shows ITQ and PQ outcomes. Median Immersive Tendency score was 63(IQR 26), 
median Presence score was 83(IQR 23). Highest ITQ scores were observed among 5 out of 6 
(83%) best performing patients (highest test improvement). 

Highest PQ scores were observed among 3 out of 6 (50%) best performing patients (highest 
test improvement). Immersive tendencies were moderately positive correlated with test 
improvement (r=0.56, p<.05), whereas presence was not correlated with test improvement 
(r= 0.038, p=.4). 
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Table 3. Test and questionnaire outcomes with ranks (intervention group).

Patient Pre-test Post-test TI Rank TI ITQ Rank ITQ PQ Rank PQ

P001 9 24 15 1 82 2 61 12

P003 12 26 14 2 67 6 88 4

P011 20 33 13 3.5 81 3 93 3

P012 7 20 13 3.5 84 1 80 8

P007 24 35 11 5 79 4 81 7

P009 17 26 9 6 52 10 86 5

P005 1 9 8 7.5 47 12 95 1

P004 15 23 8 7.5 56 8 70 11

P006 15 21 6 9 51 11 94 2

P008 9 12 3 10 74 5 77 9

P010 6 5 -1 11 54 9 84 6

P002 21 16 -5 12 59 7 72 10

ITQ = immersive tendencies questionnaire; PQ = presence questionnaire; TI = test improvement

Table 4. Post-test outcome (control group).

Participant Post-test score Months after MI

P013 6 1

P014 10 1

P015 15 1

P016 6 6

P017 6 6

P018 5 6

P019 10 12

P020 6 12

P021 12 12

P022 1 12

MI = myocardial infarction
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Qualitative Outcome - User Comments on the HoloLens Application.
Forty three comments were shared. Four themes were identified through content analysis: 
i) general usability of the HoloLens, ii) visibility and understanding of statin function, iii) 
visibility of coronary atherosclerosis and iv) usability of the app in the cardiology department. 
Table 3 gives an overview of example excerpts.

Regarding general HoloLens use, 3/12 (25%) patients noted that the healthcare professional 
should control the app and three other commented that the added value of an MR was 
minimal in comparison to a video.

Statin function was overall clear to 8/12 (75%) of patients. Atherosclerosis was visible 
however underexposed in the app according to 6/12 (50%) patients; “…the narrowing of the 
blood vessels is clear to me and the effect of statins on it…”, “…how atherosclerosis develops 
is missing from the app…” and “…you can’t see the process of calcification in the vessels…”. 

Regarding overall use during hospital admission, 6/12 (50%) of patients noted that the app 
should be shown to patients right after myocardial infarction in the hospital; “…if I had seen 
this earlier I would have understood more why I was hospitalized…”, “…

I think I would have understood my heart attack better if this was shown to me…” and  “…a 
few days after treatment it would be good to see what led to the heart attack and how 
it could be prevented…” were typical comments. Overall, none of the intervention group 
patients mentioned cyber-sickness related complaints during use of the MR-application 
(table 3).
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Table 3. Example excerpts.

Visibility and understanding statin function

Visibility of coronary atherosclerosis

General use of the app in the hospital

Overall usability of HoloLens technology

“… this helps me understand what happened and what statins 
do…”

“… the statin function is clear to me now…”

“…it reaches the goal of letting me understand my medication…”

“…the diminished blood flow and stenosis can be more dramatic; 
this looks too ‘cute’/’childish’. 
 
“… I want to know more about how a stenosis develops…”

“…a text in the app saying that blood flow is diminished might be 
useful…”

“… the direct effect of statins on stenosis is clear and very 
useful…”

“… If I had seen this right after my infarction, it would have made 
understanding it much easier…”

“..this is very useful in the overall outpatient care process, maybe 
with my own data…’

“…I am too old for this; not for my generation…”

“…this technology needs some practice…”

“…this is amazing!...”

“…the goggles are too heavy…”
“…the doctor should guide the patient with the model…” 

Cybersickness No complaints regarding nausea, motion sickness or loss of vision 
or disturbed vision were mentioned by the intervention group.
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Discussion

Principal Findings
To summarize the findings of the current study, it primarily shows that after myocardial 
infarction, overall intervention and control group patients have limited understanding 
of statins. However, it shows that an MR model on statin function can be used in clinical 
practice: ten of twelve (83%) patients improved their statin knowledge after using the 
HoloLens application. Secondly, stated by patients, MR seems a feasible medium to 
extend the possibilities of visual education, especially during the clinical admission of 
myocardial infarction. This study provides insight in how a collaboration with patients leads 
to the development of optimized educational tools to implement in clinical practice after 
myocardial infarction. 

Education on Statin Function and Health Behavior
Statin non-adherence is still a contemporary problem which is well illustrated in a recent 
randomized study by Wood et al, showing that, despite the small study sample, 50% of 
enrolled cardiovascular disease patients would not resume statin therapy because of 
experienced side effects(9). 

Although patients primarily tend to discontinue statin therapy due to side effects, medical- or 
non- medical opinions and a lack of understanding the importance of the drug increase the 
problem further(33, 34). Healthcare professionals can improve statin adherence foremost 
by highlighting the importance of it. 

The secondary preventive effect of statins after myocardial infarction is beyond dispute 
and stressed by all international guidelines (35, 36), still statin non-adherence is a common 
phenomenon in myocardial infarction patients(37, 38). A seventh of patients in our study 
discontinued statin therapy, which is comparable to scientific literature(38, 39). 

In line with a previous study concerning patient education after myocardial infarction(25), 
our results identically shows that patients have minimal understanding of statins after 
myocardial infarction after conventional education, both in the interventional and control 
group. To overcome knowledge gaps, and become familiar with the disease and medication, 
patients rate visual aids of high importance in education after myocardial infarction(40). 

The question remains if patient education improves statin adherence, as data in this matter 
is scarce and limited to smaller studies(11, 41). To improve statin adherence, patients’ 
representation of the treatment should be met by the professional(42-44). When education 
is goal-oriented, for example promote statin adherence, adoption of new information into 
this behavior will be more effective. As stated by the cognitive load theory  by Sweller(45), 
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this theory states that education becomes effective when the methods of information 
exchange (i.e. presentation of information) promotes low extraneous cognitive load. 
Conventional methods (i.e. booklets) in the outpatient setting of myocardial infarction 
patients create high levels of cognitive load, whereas visual methods, such as videos or the 
MR model, create low levels of cognitive load(45). The use of MR has been proven useful in 
medical education for students (18, 21) and professionals(46, 47) and it might be a feasible 
medium for patients as well as our study suggests. To test if this promotes long-term statin 
adherence, requires further study.

Future Development of MR in the Clinical Domain
The double-diamond human centered design approach used in this study is becoming 
more frequent in medical research(28, 29, 48). This structured method promotes scientific 
reasoning during the process of scientific research. Although often described in literature 
as a concept, studies describing development and utilization of an end-product are scarce. 
Our study is the first to use the double diamond approach to assess a clinical problem in 
myocardial infarction patients and hint at a solution with an MR device.

The majority of patients (83%) in our study improved their knowledge on statins by using 
the developed MR application, despite low levels of involvement and focus for digital 
environments. This implies that the MR app might be effective in myocardial infarction 
patients, regardless if a patient has a high or low tendency to become focused and immersed 
in digital environments. Half of participants stated they would have wanted to use this 
technology during the initial admission of their myocardial infarction, to understand the 
disease mechanisms and the long term effects of medication better. 

Both findings add to the existing body of evidence that visualization might be a feasible 
method to educate myocardial infarction patients. Both offer insight in further development 
of MR technology in the clinical domain after myocardial infarction, which, to our knowledge, 
is not discussed in the literature so far. To develop the application further and test its clinical 
effectiveness, the double diamond approach can be utilized further to specify additional 
features. Although the technology takes some time to get adjusted to, this can be overcome 
by letting the physician take the lead. An MR application on a HoloLens can be shared 
between multiple HoloLenses, enabling a visual interactive collaboration between physician 
and multiple patients thus enabling group education for instance during rehabilitation. 
Additionally, the coupling with a desktop-version of the app could support the usability in 
the outpatient setting. The strength of MR technology lies in the possibility to see both 
physician and educational model without closing of the real world (as with Virtual Reality), 
thus minimizing fear of claustrophobia or simulator sickness.
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Although a basic heart model was used for our prototype, visual ultrasound and angiographic 
data can be incorporated in the moving model, making the visualizations patient specific. 

The same model can then be used to show for instance changes in left ventricular function 
over time or new found anomalies in the coronary anatomy after angiography. As suggested, 
MR promotes interactivity, irrespective of the age of the patient. A study by Rohrbach et al 
showed in octogenarian Alzheimer patients that a HoloLens application effectively supported 
activities of daily living in these patients(17). Overall, further testing and comparing this 
technology to contemporary educational methods such as booklets and videos, is eminent. 

Limitations
There are certain limitations to our study that need to be taken into account when 
interpreting the results. Firstly, the assessed study group is small and only consisted of 
myocardial infarction patients. Unfortunately, including more patients was restricted due to 
the COVD-19 pandemic of 2020 and 2021. A larger study population with patients of diverse 
cardiovascular diseases requiring statin use, could strengthen our results further. Secondly, 
the majority of patients included in our study were below 65 years. Although a feasible 
medium in older patients, this MR app should be tested in octogenarians as well.

Thirdly, no longitudinal test scores were gathered in both control and intervention group. 
Fourthly, clinical end-points, such as patients’ LDL value during follow-up, were measured 
during this study. Lastly, further randomized studies between conventional and novel 
technologies are needed to assess the added value in patient education.

Conclusion

An MR statin education application can be applied effectively in myocardial infarction 
patients to explain statin function and importance. The use of a MS HoloLens is feasible for 
this purpose, with no effect of individual immersive tendencies on the educational process 
observed. The present study offers insight into the direction and development of modern 
visual educational tools in cardiology.
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Abstract

Background
Pre- and post-operative anxiety is a common phenomenon and is associated with negative 
post-operative outcomes. Symptoms of post-traumatic stress disorder, such as fear, 
nightmares, and sleep deprivation, are prevalent in roughly 30-50% of patients following 
discharge from intensive care units after (cardiac) surgery. Preliminary evidence suggests a 
promising role of Virtual Reality (VR) in preventing of stress-related reactions using Stress 
Inoculation Training. Such training enables cognitive preparation of individuals for stressful 
situations, such as medical emergencies or treatments, thereby becoming more tolerant 
and resistant to stress, subsequently reducing the risk for potential negative psychological 
consequences. This study investigated a pre-operative VR-application (‘Pre-View’) in the 
context of better informing and preparing patients for cardiac catheterization. 

Objective
To assess the feasibility, usability and acceptability of Pre-View in patients undergoing 
cardiac catheterization.

Methods
Eligible participants were adults scheduled for elective cardiac catheterization. Pre-View 
comprised an interactive virtual representation of the whole care process related to 
cardiac catheterization; from entering the hospital for admission to post-procedural stay 
and discharge. These processes were represented through 360° videos- and interactive 
photos. Self-report questionnaires were completed at baseline (i.e., pre-catheterization, 
after undergoing the VR-experience) and after cardiac catheterization. Outcome measures 
included user experience and satisfaction, VR-presence and immersive tendencies, and 
user-friendliness. Perceived effectiveness was exploratively assessed.

Results
Eight individuals with a mean age of 67 participated. Half of them underwent the VR-
experience in the hospital, the other half at home. Participants reported high levels of 
presence in the virtual environment (Presence Questionnaire; M = 129.1, SD = 13.4). The 
usability of Pre-View was well evaluated (System Usability Score; M = 89.1, SD = 12.0), and 
patient satisfaction was high (Client Satisfaction Questionnaire; M = 27.1, SD = 3.2). Usability 
and satisfaction scores were higher for participants who underwent Pre-View at home versus 
those who underwent Pre-View in the hospital, although the latter group was significantly 
older; 72.8 versus 61.3 respectively. All participants reported Pre-View to be effective in 
terms of feeling better informed about the care process of cardiac catheterization. 
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Furthermore, most of participants (87.5%) reported Pre-View to be effective in terms of 
feeling better prepared for the cardiac catheterization, acknowledging the potential of Pre-
View in reducing negative psychological consequences after catheterization.

Conclusions
The results provide initial support for the feasibility and acceptability of a pre-operative VR- 
application, creating a virtual environment that supports patient education and preparation 
for upcoming coronary catheterization. More studies are needed to further investigate the 
effects of VR as a tool to better prepare patients for medical procedures, its effectiveness 
in terms of reducing negative patient outcomes (e.g., anxiety, stress, post-operative 
recovery outcomes), and the generalizability of effects across different settings and patient 
populations.  
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Abbreviations

AAA: 		  Abdominal aortic aneurysm
CSQ-8: 		  Client satisfaction questionnaire
ITQ: 		  Immersive tendencies questionnaire
LUMC: 		  Leiden University Medical Centre
PQ: 		  Presence questionnaire 
PTSD: 		  Post-traumatic stress disorder  
SIT: 		  Stress inoculation training
SUS: 		  System usability scale
VR: 		  Virtual reality
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Introduction

Coronary artery disease is one of three most common cardiovascular pathologies, playing 
a major role in mortality and morbidity worldwide (1). The occlusion of coronary vessels 
can lead to myocardial infarction and eventually death. Cardiac catheterization has evolved 
over many decades, decreasing the amount of deaths after acute myocardial infarction 
drastically as well as relieving anginal complaints in the elective setting (2). Overall, the 
clinical admission for such a procedure is short, however, psychological complaints regularly 
arise afterwards. Roughly 30 to 50% of patients has been found to suffer from depression 
and symptoms of Post-Traumatic Stress Disorder (PTSD), such as fear, nightmares, and sleep 
deprivation, following post-cardiac surgery (3-6). Such negative psychological outcomes 
can adversely impact patients’ recovery (3, 7, 8). More specifically, studies have shown 
depression to be a strong risk factor for cardiac events, cardiac complications, and cardiac 
mortality following bypass surgery (3, 9, 10). Furthermore, lower levels of quality of life 
and psychological functioning in general have been demonstrated for subgroups of patients 
reporting symptoms of PTSD after bypass surgery (5).

Previous research has demonstrated pre-operative education to be a promising method 
to improve post-(cardiac)surgical outcomes, such as decreasing levels of anxiety and 
depression, improving recovery, and increasing patient satisfaction (11-15). Pre-operative 
patient education can be provided through verbal advice and written information. By 
informing and educating patients about the care process such as surgery- and hospital 
admission procedures, patients might feel more at ease and prepared for hospital admission 
and surgery accordingly. 

The incorporation of multimedia tools has been suggested beneficial in terms of increasing 
patient satisfaction and perceived benefits and understanding treatments (16-18). New 
technology such as Virtual Reality (VR) (19) is a successful tool in the education of patients 
(16-18). Furthermore, VR could be used to desensitize patients for stressful events. Virtual 
Reality-exposure therapy is being increasingly used to treat PTSD and anxiety disorders (20-
24). Furthermore, preliminary evidence suggests that VR can be successfully used to prevent 
stress-related reactions, such as PTSD, by means of Stress Inoculation Training (SIT). Such a 
training can help prepare individuals for stressful situations, such as combat or battlefield 
stressors, or medical emergencies or treatments, to reduce the risk for potential negative 
psychological consequences. When using VR during SIT, individuals can be pre-exposed to 
a stressor in a gradual and controlled manner. This is theorized to enable individuals to 
prepare themselves for the actual stressful event, thereby becoming more tolerant and 
resistant towards stress. Indeed, using VR in the context of SIT has for example been shown a 
promising approach to prepare military personnel for combat situations (25-28), enhancing 
resilience and potentially preventing PTSD-related symptoms. 
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In the current study, a VR-application (‘Pre-View’) was used to investigate whether VR 
can be a useful medium in the pre-operative management of cardiac patients undergoing 
elective cardiac catheterization. ‘Pre-View’ combines pre-operational education with 
virtually experiencing the care process for elective cardiac catheterization in a Dutch 
university medical center. By means of Pre-View, participants could virtually experience 
the whole process; from entering the hospital for admission until the moment of elective 
catheterization without showing the procedure itself, and to the post-procedural stay and 
discharge. The benefit of the VR-experience over written or verbal information only, is that 
the patient is in control of the information he or she receives. The patient decides where to 
look and where to go to, and the application adjusts to that correspondingly. 

This increases the feeling of “being present” in the virtual environment, with presence 
referring to the subjective experience of being in a digital environment, while physically 
being in another (29). The sense and quality of this presence are considered an important 
factor for Virtual Reality Exposure Therapy to be effective (30). The quantification of 
presence can furthermore be used as an evaluative measure for the virtual experience (31). 

The current pilot study aimed to assess the feasibility and acceptability of using VR-
application ‘Pre-View’ as a medium to inform and prepare patients for their upcoming 
elective cardiac catheterization. 

Methods

Participant Recruitment and Eligibility Criteria
Participants were recruited from the Cardiology department of the Leiden University 
Medical Centre (LUMC), where they were listed for elective cardiac catheterization. Patients 
were eligible to participate if 1) aged 18 years or older, 2) able to speak and understand 
the Dutch language, 3) scheduled for elective cardiac catheterization,  4) able to undergo a 
VR-experience, that is, not having impaired eyesight and a known history of epilepsy, and 
5) not having underwent a previous cardiac catheterization. The study was approved by a 
local medical ethics committee of the LUMC (protocol number P19-068), and subsequently 
a declaration of no objection was obtained from a Medical Ethics Review Committee. 
Recruitment and enrollment of participants took place between January 6th and February 
27th of 2020.
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Procedure
Potentially eligible patients (i.e., aged 18 years or older and not having underwent previous 
cardiac catheterization) were approached and informed by e-mail and/or telephone by a 
research intern (author TW). When interested, patients received written information about 
the study and provided informed consent accordingly. Subsequently, the VR-experience 
was planned one or two weeks prior to the scheduled elective cardiac catheterization. 
Participants could choose to either undergo the VR-experience at home or in the hospital. 
In the hospital, participants were welcomed at the outpatient clinic for heart diseases in the 
LUMC. When participants chose to undergo the experience at home, the research assistant 
would visit the patient at home. Other than the location, the process of undergoing the 
VR-experience was identical. Patients were informed on how to use the VR-application, 
whereafter they could independently undergo the experience. The research assistant 
was present to assist in case of any technical difficulties. Directly after completion of the 
VR-experience, participants were asked to fill out a set of paper questionnaires assessing 
socio-demographic characteristics (i.e., age, gender), presence, immersive tendencies, and 
questions related to satisfaction and usability (for more details, see ‘measures’). Patients’ 
perceived effectiveness of Pre-View was assessed by means of a telephone call after the 
cardiac catheterization to enable patients to reflect on whether and how Pre-View may have 
supported them during the process of preparation for the surgery, as well as during and 
after the catheterization.

VR-experience ‘Pre-View’
Patients underwent the VR-experience via a head-mounted display: the Oculus Rift 
GoTM device (figure 1). The headset was individually adjustable, even for participants 
wearing glasses. Within the VR-environment, patients were provided with an interactive 
representation of the whole care process related to the cardiac catheterization; they could 
experience, in general, the day of the heart catheterization. This encompassed the patient 
journey from entering the hospital for admission, to post-procedural stay. The procedure of 
the heart catheterization itself was not presented. However related processes were; patients 
were virtually being transferred in a hospital bed with wheels to the operating room, where 
the cardiologist would shortly explain the procedure. The experience was represented 
through both video and interactive photos, which had been captured and recorded during 
the development process of the VR-application. Topics like ”What will happen on the ward? 
What clothing do I need? Which people are allowed to stay?”, as well as topics like “What 
medication is given after the procedure?”, “Can I eat before the surgery?” were addressed 
during the experience. The experience was fully interactive ; patients could to choose select 
objects or persons (e.g., nurse, cardiologist) to gain more information on relevant topics 
related to the care process at every stage of the stay. In order to do so, patients simply had 
to gaze a few seconds at the object or person to select it. Hence, there was no need to press 
a button on a controller physically. 
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For example, patients could gaze at the personnel around them when virtually lying in the 
hospital bed, after which an explanation would be given about the type of personnel (e.g., 
nurse, cardiologist) and what their role during the stay or catheterization would be (e.g., to 
perform the procedure, to assist, etc.). 

Figure 1. Occulus Rift Go™ device.

Further interaction took place through short quizzes, for example, choosing the right floor in 
the virtual elevator when patients’ need to find their way through the hospital towards the 
cardiology. A detailed overview of the total experience is presented in Table 1. An example 
of a 360° photo can be found in Multimedia Appendix 1. All shown images and videos were 
context-specific, meaning that they were captured and recorded in the LUMC, with actual 
LUMC-staff in order to enhance feelings of relevance and realism. The VR-experience took 
approximately 20 minutes, depending on the time a patient spend in each module.
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Measures

Presence
Participants’ degree of presence and immersion in the virtual environment was assessed 
with the Presence Questionnaire (PQ) (29). The PQ quantifies the amount of focus a person 
experiences on objects or tasks generated by a digital application, in this case the VR-
application. The PQ is the most prevalent used questionnaire to measure presence (32). 
It was developed based on factors widely believed to underlie presence, and was found 
to be highly reliable and internally consistent with the ITQ (see next paragraph) (29). It 
consists of 22 questions covering different elements relating to the level of presence, such 
as the degree of realism and immersion, the degree of involvement, how compelling the 
sense of moving around was inside the virtual environment, and the degree of control over 
the virtual environment. All questions are answered on 7-point Likert scales, with answers 
ranging from ‘not at all’ till ‘completely’. Total scores can vary between 22 and 154.

Immersive Tendencies
Immersion refers to a state in which an individual experiences an environment as an integral 
part of it, thus being enveloped in it and interacting with it naturally. Immersive tendencies 
relate to the tendencies to get immersed or involved easily in virtual or ‘make-believe’ 
situations, quantifying a person’s tendency to become immersed and focused in digital 
environments. 

In the current study, the Immersive Tendencies Questionnaire (ITQ) was used to quantify 
participants’ immersive tendencies (29). The ITQ consists of 18 questions, mostly assessing 
the degree of involvement and focus in common activities (‘Do you ever become so involved 
in a movie that you are not aware of things happening around you?’, or ‘When playing 
sports, do you become so involved in the game that you lose track of time?’). Answers were 
rated on a 7-point Likert scale ranging from  ‘never/not very well’ to ‘always/very well’. 
Higher cumulative scores (range total score 18 and 126) represented a higher immersive 
tendency to get immersed or involved easily in the virtual situation.
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Table 1. Overview of the virtual reality (VR) experience.

Virtual locations Meansa Description 

Part 1: Hospital admission

 - Hospital entrance 

 - Route to elevators  
  
 - Elevator entrance & ride
   
   - Entrance cardiology ward 

P, I, A

P, I, A

P, I, A

P, I, A

The hospital’s main entrance is shown and the main 
menu and gaze-function of the VR-experience are 
explained. 
The hospital’s main hall is shown with the route to 
the hospital elevators being explained. 
The elevator entrance is shown and the choice of 
floor leading to the nursing ward is explained.  
The entrance of the cardiology ward is shown.

Part 2: Admission to cardiology ward, pre-catheterization

   - Cardiology ward counter  
 
 
 
 
   - Patient-room: photo

   - Patient-room: videos
 
  - Transfer to 
     operating room

V

P, A, I

V

V

The user virtually walks towards the counter of the 
cardiology ward, where the desk clerk welcomes 
him/her. The desk clerk asks for a hospital card and 
personal identification. Hereafter, the user walks 
towards the entrance of the patient room. 
An interactive photo of the patient room is shown. 
Users need to collect items they will need to bring to 
the hospital (e.g., clothing, phone-charger). After all 
items are found, the user is placed in a hospital bed. 
Two short videos are shown of a nurse and physician 
respectively, explaining the upcoming procedures. 
The user is virtually being transferred in a hospital 
bed with wheels from the cardiology nursing ward to 
the operating room.

Part 3: Operating room

   - Operating room P, V, I A photo is shown of the interior of the operating 
room containing explanations of specific devices 
(e.g., radiology equipment). After this exploration 
the patient can start a video of the scrub-nurse and 
attending interventional cardiologist. They explain 
the upcoming procedure in general, including what 
they will do during the procedure and what is to be 
expected of the procedure (e.g., duration). 

Part 4: Post-catheterization at the cardiology nursing ward

   - Patient-room: inside    
     hospital bed

V, P A video is shown where the nurse and physician 
explain important aftercare issues and procedures.   
When the video is finished, the user can freely look 
around in the room and choose to be discharged 
when finished.

Discharge

   - Exit cardiology ward V, P A short exit-video shows all personnel and wishes 
the patient the best of luck and a healthy recovery. 
Hereafter, the VR-experience is finished and the user 
is placed outside in front of the hospital. 

VR = Virtual reality
a P = Photo, I = Interactive feature, A = Audio, V = Video
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Satisfaction
Patient satisfaction was assessed by the Client Satisfaction Questionnaire (CSQ-8) (33). The 
CSQ-8 is a short 8-item standardized global satisfaction measure, and each of items can be 
scored on a scale from 1 to 4, with total scores ranging from 8 to 32. Mean satisfaction levels 
were computed for each individual. The CSQ-8 is widely used across healthcare studies with 
good reliability and validity (34, 35). 

Several questions were asked to further assess satisfaction levels. First, participants were 
asked to rate their satisfaction with Pre-View on a scale of 1 (extremely dissatisfied) to 10 
(extremely satisfied), and to shortly summarize and clarify their score subsequently. Second, 
participants were asked to what extent Pre-View met their need in terms of received 
information on a 5-point Likert scale (1 ‘definitely not’ to 5 ‘definitely’), and to shortly 
summarize and clarify their score subsequently. Third, participants were asked whether 
they experienced any discomfort or side-effects when undergoing the VR experience (yes/
no), and if yes, to shortly elaborate on these.

Usability
In order to assess the usability of Pre-View, participants were asked to complete the System 
Usability Scale (SUS) (36). The SUS provides a quick and reliable tool for measuring the 
usability of a wide variety of products and services. It comprises a 10-item questionnaire 
with 5-point Likert scales ranging from ‘strongly agree’ to ‘strongly disagree’. Total SUS 
scores can range from 0 to 100. The SUS is reliable and robust tool in assessing usability (37). 

Perceived Effectiveness
Participants were asked to what extent they agreed with several statements assessing 
their perceived effectiveness of Pre-View in terms of 1) feeling better informed about the 
care process of cardiac catheterization, 2) feeling better prepared for the care process of 
cardiac catheterization, and 3) reduction or prevention of potential negative psychological 
consequences (e.g., nightmares, anxiety, symptoms of depression) after cardiac 
catheterization. Answer scales ranged from 1 ‘totally do not agree’ to 5 ‘totally agree’.

Statistical Analysis

All data was processed by means of SPSS™ version 25. Descriptive analyses (i.e., means, 
standard deviations, frequencies, percentages) were used to describe the socio-
demographic characteristics of participants of the study population, as well as to summarize 
the questionnaire data in terms of the measures described in the section ‘measures’. 
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Results

Study Population
A total of 27 patients were approached to participate in this study, of whom twelve patients 
were interested to participate. One patient dropped out of the study before undergoing the 
Pre-View due to a fear of motion sickness symptoms. Furthermore, three patients were not 
included in the study because of  cancellation of the VR-appointment due to the start of the 
Covid-19 pandemic and preventative measures which forced an early termination of study 
enrollment. This resulted in a total of eight patients participating in the current pilot study. 
Socio-demographic characters of the study population can be found in Table 2. The average 
age of the study population was 67 years, including six males and two females. Half of the 
participants chose to undergo the VR experience in the hospital, the other half at home. 

Presence and Immersive Tendencies
Patients reported high levels of presence in the virtual environment with an average PQ-
score of approximately 129 (Table 2). At an individual item level, items that were scored 
lowest related to how much one was able to control events (M = 4.3), the extent to which 
the visual display quality interfered or distracted one from performing assigned tasks or 
required activities (M = 4.6), and how much delay one experienced between their actions 
and expected outcomes (M = 4.9). Items that were scored highest related to how well 
one could concentrate on the assigned tasks or required activities rather than on the 
mechanisms used to perform those tasks or activities (M 6.8), how involved one was in the 
virtual environment experience (M = 6.5), how well one could actively survey or search the 
virtual environment (M = 6.5).

Regarding immersive tendencies, participants showed a mean score of approximately 76, 
indicative of above-average tendency to get immersed or involved in virtual or ‘make-believe’ 
situations. Higher levels of immersive tendencies and presence were found for those who 
underwent the VR experience at home (PQ M = 139.8, ITQ M = 80.8) in comparison to those 
who underwent it at the hospital (PQ M = 118.5, and ITQ M = 53.8), although patients in the 
hospital-group were on average roughly ten years older in comparison the home-group; 73 
versus 61 respectively. 

Satisfaction and Usability 
As shown in Table 2, the usability of the Pre-View application was well evaluated by all 
participants with a SUS mean score of approximately 89 on a scale of 0 to 100.  Patient 
satisfaction as assessed by the CSQ-8 was high, with an average score of approximately 27 
on a scale of 8 to 32. The results of the additional assessment of participants’ satisfaction 
are shown in Table 3. 
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Table 2. Socio-demographic characteristics of the study population, as well as outcome descriptives.

Gender Age Location PQ ITQ CSQ-8 SUS 

Individual participants

Male 73 Hospital 115.0 42.0 21.0 70.0

Male 77 Hospital 114.0 52.0 27.0 72.5

Female 73 Hospital 129.0 70.0 29.0 87.5

Male 68 Hospital 137.0 67.0 24.0 90.0

Male 60 Home 116.0 51.0 28.0 92.5

Male 69 Home 130.0 105.0 28.0 100.0

Female 59 Home 142.0 69.0 31.0 100.0

Male 57 Home 150.0 82.0 29.0 100.0

Total study populationa

Male      6 (75)

Female  2 (25)

67.0 (7.5) Hospital: 4 (50)

Home:     4 (50)

129.1 (13.4) 76.3 (20.0)  27.1 (3.2) 89.1 (12.0)

PQ = Presence Questionnaire; ITQ = Immersive Tendencies Questionnaire; CSQ-8 = Client Satisfaction Questionnaire 
– 8;  SUS = System Usability Score
a As provided in means (SD) and N (%) where appropriate.

These results demonstrated acceptable to good satisfaction with Pre-View. Positive remarks 
were mostly about the clear explanation and visualization of the procedure day. One patient 
elaborated on his score of 6 on the item ‘Overall, how satisfied are you with Pre-View?’ (Table 
3); he was not able to see all of the videos during the experience because of a technical error 
resulting in a black screen. 

Also, there were two remarks identifying targets for improvements. One patient indicated 
having missed seeing the actual catheterization. Another patient indicated that the 
cardiologist in the VR-experience could perhaps be a little more elaborate about the diversity 
of complaints that one could experience, as now only chest pain was stated as the reason 
for visiting the cardiologist. Finally, none of the participants reported side-effects during or 
after the VR-experience.
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Table 3. Result in terms of satisfaction and perceived effectiveness of the VR-application.

Answer scale N (%) Mean (SD)

Satisfaction items

Overall, how satisfied are you with Pre-View? 1 = extremely dissatisfied
2
3
4
5
6
7
8
9
10 = extremely satisfied

0 (0.0)
0 (0.0)
0 (0.0)
0 (0.0)
0 (0.0)
1 (12.5)
0 (0.0)
2 (25.0)
3 (37.5)
2 (25.0)

8.6 (1.3)

To what extent did Pre-View fulfill your need in 
terms of information received prior to the cardiac 
catheterization?

1 = Not at all
2 = Not really
3 = Neutral / Do not know
4 = Fairly well
5 = Really well

0 (0.0)
0 (0.0)
0 (0.0)
4 (50.0)
4 (50.0)

4.5 (0.5)

Have any side effects occurred while undergoing Pre-
View (e.g., nausea, dizziness, headache, etc.)?

1 = Yes
2 = No

0 (0.0)
8 (100.0)

2 (0.0)

Perceived effectiveness items

Pre-View was effective in terms of feeling better 
informed about the cardiac catheterization care 
process

1 = Totally disagree
2 = Disagree
3 = Neutral / Do not know
4 = Agree
5 = Totally agree

0 (0.0)
0 (0.0)
0 (0.0)
4 (50.0)
4 (50.0)

4.5 (0.5)

Pre-View was effective in terms of feeling better 
prepared for the care process of cardiac catheterization

1 = Totally disagree
2 = Disagree
3 = Neutral / Do not know
4 = Agree
5 = Totally agree

0 (0.0)
0 (0.0)
1 (12.5)
4 (50.0)
3 (37.5)

4.3 (0.7)

Pre-View was effective, or could potentially be 
effective, in terms of reducing or preventing negative 
psychological consequences (e.g., anxiety, nightmares, 
symptoms of depression) after cardiac catheterization

1 = Totally disagree
2 = Disagree
3 = Neutral / Do not know
4 = Agree
5 = Totally agree

0 (0.0)
0 (0.0)
1 (12.5)
5 (62.5)
2 (25.0)

4.0 (0.9)
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When looking at usability and satisfaction scores separately for the patients who underwent 
Pre-View at home versus those who underwent Pre-View in the hospital, both scores 
were higher for the former group: 98 versus 80 regarding usability scores, and 29 versus 
25 regarding acceptability scores. These subgroups differed however not only in terms of 
where they underwent the VR-experience, but also in terms of age; those who underwent 
Pre-View in the hospital showed a higher mean age (M = 72.8, SD = 3.7) in comparison to 
those who underwent it at home (M = 61.3, SD = 5.3).

Perceived Effectiveness
As presented in Table 3, all patients agreed that Pre-View was effective in terms of feeling 
better informed about the care process of cardiac catheterization; half of the participants 
‘totally agreed’ with this statement, and the other half ‘agreed’. Furthermore, seven out 
of eight patients agreed or totally agreed with the statement that Pre-View was effective 
in terms of feeling better prepared for the care process of cardiac catheterization. Two 
patients who agreed elaborated: ‘If you know what is going to happen, you experience less 
stress’, and ‘The more you know, the better’. Finally, when asked whether Pre-View has 
been effective, or could potentially be effective, in terms of reducing or preventing negative 
psychological consequences after cardiac catheterization, two participants ‘totally agreed’, 
five participants ‘agreed’, and one participants ‘disagreed’. The patient who disagreed 
elaborated ‘Even though you are better prepared for what is going to happen, you still don’t 
know exactly what they are doing during the procedure. Nor does it completely take away 
the anxiety about what they will find, which so there is always some uncertainty’. Another 
patient who agreed also specifically remarked that even though he felt better informed 
and prepared, he still indicated to feel somewhat anxious and stressed before the hospital 
admission for his cardiac catheterization. 

Discussion

The current pilot study investigated the feasibility, usability, and acceptability of a pre-
operative VR-application (‘Pre-View’) in the context of better informing and preparing 
patients for cardiac catheterization. Its feasibility was demonstrated by participants 
reporting high levels of presence in the virtual environment, and the VR-experience being 
well tolerated without experiencing any side effects. Results furthermore indicated good 
user satisfaction and system usability. Finally, the majority of participants self-reported Pre-
View to have been effective in terms of feeling better informed, feeling better prepared for 
the cardiac catheterization care process, and in terms of its potential to reduce or prevent 
negative psychological consequences after cardiac catheterization.
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The current study results are promising in terms of feeling better informed about the 
hospital stay and corresponding elective cardiac catheterization. This is in line with previous 
literature suggesting that the incorporation of multimedia tools is beneficial in terms of 
perceived benefits and understanding of upcoming treatment(s) (16-18). Our results also 
adds to the body of literature underscoring the usefulness of VR as an engaging tool for 
patient education. For example the results of a study by Pandrangi et al. (38), showing that 
a VR-experience modeling an abdominal aortic aneurysm (AAA) for patients diagnosed with 
AAA, was perceived as beneficial in better understanding their health status and feeling 
more engaged in their healthcare. Another study demonstrated that patient education using 
a VR-training on radiotherapy increased knowledge and positive experiences of undergoing 
radiation therapy for breast cancer patients (39). Hence, the results of this pilot study 
underscore not only the acceptability and usability of using VR as a patient educational tool, 
but furthermore highlight the potential of using VR as a means to better inform patients on 
upcoming, stressful treatment processes. 

The preliminary results of the current study suggests Pre-View to be potentially effective 
in preventing or reducing of potential negative psychological consequences after surgery, 
which is compatible with the existing theory and body of literature indicating the potency of 
using VR-technology as a means to desensitize individuals for stressful future events such as 
combat situations, thereby supporting resilience and prevention of negative psychological 
symptoms (25-28).  Related to hospital settings and surgery specially, there is scarce research 
investigating the effects of pre-operative VR applications on patient outcomes. A single-
blinded randomized controlled trial by Eijlers et al. (40) investigated the effects of a child 
friendly VR-exposure to the operating theatre on the day of children’s’ surgery, aiming to 
get them familiarized with the upcoming medical procedures (e.g., anesthesia procedures, 
transfer to operating room) and corresponding environment. The VR-exposure was not 
found to beneficially impact on anxiety levels during anesthesia and post-surgery, nor on 
levels of post-operative pain and emergence deliriums. Nevertheless, a subgroup of children 
who underwent the more painful surgeries (i.e., adenoidectomy and tonsillectomy) were 
significantly less often in need of rescue analgesia when having received the VR-exposure 
in comparison to those who had not.  Another randomized controlled trial investigated the 
effects of a pre-operative VR experience in patients undergoing cranial and spinal operations 
(41). In comparison to usual pre-operative procedures, the VR experience was found to 
lead to higher patient satisfaction, as well better preparedness and lower levels of stress 
on the day of the surgery.  Thus, based on the results of our pilot study and the limited 
available research as discussed above, VR seems to be an acceptable and feasible pre-
operative preparation tool to use in hospital settings before medical procedures. However, 
further research is needed to establish its effects in terms of both physical and psychological 
outcomes.
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Future studies could furthermore explore the effects of using pre-operative VR experiences 
across different contexts (e.g., type of medical procedures in different types of illnesses), and 
different patient demographics (e.g., age, immersive tendencies, psychological wellbeing status). 
Additionally, the role of presence on patients’ satisfaction and outcomes may be an interesting 
direction for future research; is presence a necessary pre-condition or moderator of patient 
satisfaction and outcomes in the context of pre-operative VR interventions? Not feeling ‘present’ 
in the virtual environment has found to be associated with higher levels of drop-out in VR 
treatment for anxiety disorders, however the same review did not find an effect of the degree of 
presence on patient outcomes (30). A final interesting direction for future research is to investigate 
whether pre-operative VR interventions can be effectively delivered via smartphones. In the 
literature the feasibility of smartphone-based delivery of VR has already been demonstrated for 
various goals. Google’s ‘Cardboard’ platform has for example been successfully used to deliver 
VR experiences for educational purposes (42) as well as in the context of a smoking cessation 
program (43). The Google Cardboard is a fold-out cardboard viewer that provides the structure 
for Head Mounted Display while the display is provided by a smartphone that can be placed 
inside the cardboard viewer. Such smartphone-based delivery of VR-experiences is of interest 
and relevance in light of its possibility for less costly and timely VR-experiences, thereby enabling 
more easy and broad-scale implementation as individuals would be enabled to start and walk 
through the experience whenever and wherever they chose or prefer to.

Limitations
The results of this pilot study should be interpreted in light of several limitations. The study 
sample was rather small. Due to the Covid-19 pandemic, appointments with included 
patients were cancelled, and elective surgeries including cardiac catheterization, were at 
the time of study recruitment postponed until further notice by the hospital. This led to 
a premature ending of patient inclusion. The study was designed to assess the feasibility, 
usability and acceptability of the pre-operative VR-experience. Hence, no definitive 
statements can be made about the effectiveness of the VR-experience in better informing 
and preparing patients for their upcoming hospital admission and corresponding procedures, 
or in reducing negative psychological consequences afterwards.

Conclusion

The current results provide initial support for the feasibility and acceptability of a pre-
operative Virtual Reality application, creating a virtual experience that can support patient 
education and preparation for upcoming coronary catheterization. Further studies are 
needed to investigate the effects of VR as a tool to better prepare patients for medical 
procedures, its effectiveness in terms of reducing negative patient outcomes after such 
procedures, and its effects across different settings and patient populations.  
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In this thesis, two research methods are used to systematically evaluate patterns of national 
and local cardiovascular care to improve it further. The introduction (chapter I) describes 
the general outline of the thesis. A definition of evidence based cardiovascular medicine 
and its value as seen by the professional, is discussed. Value Based Healthcare research, 
which prioritizes the patient perspective of value and outcome, is offered as a valuable 
addition to improve clinical care. In line with this, a systematic approach to evaluate and 
modify cardiovascular healthcare on a national level for the professional is stressed in Part I. 
For both the professional and patient, Part II describes research to improve local (i.e. 
hospital) cardiovascular care. Both parts combined, provide a holistic framework to improve 
clinical work on multiple levels.

The first part of the introduction describes how value in cardiovascular care is defined by 
the modern-day professional via evidence based medicine and clinical guidelines. Chapters 
II and III illustrate the disparities between ‘guideline recommendation’ and ‘real world 
patterns’ regarding treatment of myocardial infarction patients in the Netherlands. 

Results are discussed of two studies using national-, and regional claims data to find 
modifiable factors in the treatment of myocardial infarction patients. The second part of the 
introduction describes the multilayered concepts of ‘health’ and ‘value’ for the professional 
and patient, within the framework of Value Based Healthcare as described by Porter and 
Teisberg. The principles of Human Factors (HF) science are described, which provides a 
fruitful addition in Value Based Healthcare research of cardiovascular patients. Chapters IV 
to VIII describe various studies concerning HF science, its methodology and the utilization 
of this type of research in clinical cardiovascular care. Below, all individual chapters of parts 
I and II are described in detail. 

Part One – Claims Data Analysis

Chapter II describes the use of claims data to assess treatment of non ST elevation myocardial 
infarction (NSTEMI) patients in the Netherlands. The aim of the study was to search for 
modifiable factors to improve Dutch NSTEMI care. 

For that reason, real world data was compared to guideline recommendations regarding 
revascularization via percutaneous intervention (PCI) and secondary preventive medication. 
Claims data of almost 18,000 unique (i.e. ever first) NSTEMI patients treated in Dutch 
hospitals in 2015 was analyzed. PCI use within 72hours during hospitalization and total 
secondary preventive medication use (combined use of aspirin-specie, P2Y12-inhibitor, 
betablocker, ACE/AT-II inhibitor, and statin) during 30 days follow-up were assessed. 
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Via propensity score matching, the effect of PCI, and optimal medical treatment on one 
year mortality were calculated. Less than half of all NSTEMI patients (43%) received a PCI 
during hospitalization within 72hrs. Identically, less than half (47%) of all NSTEMI patients 
had optimal medical therapy after 30 days of the initial NSTEMI. Having had a PCI within 
72hrs of hospitalization and having had optimal medical therapy at 30days, were both 
associated with lower 1-year mortality (respectively OR 0.42; 95%CI 0.37-0.48 and OR 0.59; 
95%CI 0.51-67). The presented study highlights the usefulness of claims data in regard to 
the evaluation of real-world care in a large cohort of NSTEMI patients with data of past years 
with minimal registrational burden. 

The results aid cardiologists by stressing awareness for thorough evaluation of 
revascularization options and strive for complete medical adherence in NSTEMI patients.

Chapter III investigates the use of claims data combined with open-access governmental 
socioeconomic status statistics on a zip-code level to assess myocardial infarction care on a 
regional level of three Dutch hospitals. Almost 3,200 patients were included. 

Total revascularization- (PCI and CABG), optimal medical therapy- and mortality patterns 
were assessed among ST elevation myocardial infarction (STEMI)- and NSTEMI patients. 
The study showed that low SES STEMI and NSTEMI patients more often receive a CABG 
and more often use complete optimal medical therapy after myocardial infarction. No 
mortality differences were observed. This proof-of-concept study shows that claims data 
can be effectively coupled to zip-code socioeconomic statistics to asses regional myocardial 
infarction care and provide specific recommendations to improve care on a zip-code level. 

This enables care givers to focus for instance on primary prevention strategies in low-income 
areas or on secondary prevention awareness campaigns in wealthier neighborhoods.

Part Two – Human Factors Science in Cardiovascular Care

Chapter IV describes an editorial which introduces the concept of Human Factors (HF) 
science into the domain of cardiovascular healthcare to support research in line with Value 
Based Healthcare principles and optimize care processes for both the professional and 
patient. 

Chapter V discusses the results of a study implementing a common aviation HF questionnaire 
(Safety Attitudes Questionnaire -SAQ) to measure and understand the safety climate of two 
teams performing open- and endovascular repair of complex aortic aneurysms. 
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This qualitative study shows that the SAQ is an effective screening tool to assess local safety 
culture of surgical teams and hint at suggestions to improve interprofessional collaboration 
between physicians and support-personnel to optimize patient safety during procedures. 

Chapter VI outlines HF research to assess outpatient education of myocardial infarction 
patients to eventually develop a Mixed Reality Hololens application to support this process. 
Twelve patients and six healthcare professionals were randomly included in this qualitative 
interview study. Patients and professionals were asked on the importance of educational 
topics (anatomy, medication, rehabilitation, personal life). Provided information to all 
patients was perceived as being too extensive, incoherent and difficult to comprehend, 
especially regarding the importance of secondary preventive medication. Although rated 
by the professional as being of importance, patients indicated that little attention was given 
by the healthcare provider to address the impact of medication use on personal life. On the 
contrary, professionals noted that there should be more education on anatomical aspects 
of myocardial infarction and secondary prevention. The findings of this study strikingly 
highlight the disparities between patient-, and professional perspectives on the subject of 
education, which should be an eye-opener to clinicians. 

The Microsoft™ HoloLens was proposed as an educational tool, capable of uniting patient 
and professional perspectives on for instance secondary preventive medication.

Chapter VII extends the findings of chapter VI into a controlled clinical study, by designing a 
working MR model to educate the importance of statins to myocardial infarction patients. 

A human centered design approach was used, novel in the field of clinical cardiology. Effects 
of conventional education (verbal education, booklets) on statin knowledge were assessed 
in 10 STEMI and NSTEMI patients. This was compared to the effect of an MR-statin model 
on statin knowledge in 12 STEMI and NSTEMI patients. The study shows that conventional 
education only has little impact on statin understanding, while the HoloLens statin model is 
effective in teaching patients the importance of statins and may promote learning over time. 

Both chapters VI and VII showcase the usefulness of combining HF design-thinking and 
scientific evaluation into a fluid process. Chapter VIII focusses on the patient perspective of 
a pre-cardiac catheterization Virtual Reality application for outpatient care. 

The study primarily assess the acceptability and feasibility of an alpha version of a VR 
application called ‘Pre-View’ in patients receiving elective cardiac catheterization. Identical 
to chapter VII, a design-thinking approach was used to evaluate the VR application to 
improve it further.
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The application shows patients the hospital admission via interactive 360- degrees photos 
and videos. A small patient population (N=8) tested the application in the outpatient setting 
before cardiac catheterization, which showed that patients felt overall informed with a high 
sense of participation in the care-process and being highly involved in the application with 
only minimal side-effects (i.e. cybersickness). Despite the small study population, the study 
shows that VR is an acceptable medium in the outpatient setting of cardiovascular care, 
enabling new possibilities for patient education.

Concluding Remarks and Future Perspectives

This thesis discussed a systematic approach to evaluate value in clinical cardiovascular 
care on multiple levels and how to improve it further. Common treatment patterns of 
nationwide myocardial infarction care were assessed as well as the evaluation and re-design 
of clinical collaboration between professionals during aortic surgery and outpatient care 
of myocardial infarction patients. Although evidence based choices are present in clinical 
work, the presented studies stress the reality of Dutch clinical cardiovascular care in the 21st 
century. They demonstrate the tension between, on the one hand, professionals who try to 
follow guideline-treatment in order to optimize clinical outcome and, on the other hand, 
patients who also experience healthcare on a more qualitative and less quantifiable level. 
Overall, claims data analysis and HF research are both methodologies that provide a unique 
framework to investigate and improve care processes for both the patient and professional 
in cardiovascular care.

Data Driven Healthcare
In the Netherlands, hospitals are committed to collect and register encrypted quality-
of-care patient data to monitor and assess care provided to patients(1-3). This provides 
transparency of delivered care and the possibility to evaluate outcomes of various patient 
categories(4). 

For cardiovascular care, The Dutch cardiovascular quality of care registry (Nederlandse Hart 
Registratie, NHR) is an important example(5). The collection, storage and maintenance is 
predominantly driven by professionals (i.e. thoracic surgeons, cardiologists) to evaluate 
treatment patterns on a national level, as well as patient survival or the occurrence of 
adverse events. In more recent years, claims data is seen as a valuable source of data for 
quality assessment in various disciplines such as cardiology(6-10), pulmonology(11-13), 
nephrology(14, 15), and oncology(16-19). 
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Apart from quality assessment, claims data analysis offers a prolific addition to clinical 
research to assess healthcare and provide insight in patient numbers, treatment patterns 
over various years and demographic entities. 

Compared to common, observational registry studies, claims data analysis is predominantly 
retrospective, with a low registrational burden as this data is automatically coupled to 
governmental data and logged/stored after patients’ hospital discharge. 

It reflects ‘real world’ patterns and evidence rather than data from randomized studies 
which is highly dependable on in- or exclusion criteria(13, 20, 21). Nonetheless, important 
shortcomings are the lack of clinical details such as journal entries, laboratory findings or 
imaging data and the fact that all claims data are stored at insurance company data centers, 
not rapidly available to physicians. 

For future purposes, a coupling of claims data and clinical data may further support the 
clinical use of it. A hybrid system of claims data coupled to clinical data, generated and stored 
at hospitals, might be a solution to improve availability for research, and thus eventually 
support the creation of clinical guidelines.

With an expanding global population of patients and the endless possibilities to generate 
and store data in modern medicine, healthcare becomes more ‘data-driven’(22-24). 

Identically, as the quality of the data stored becomes better and more complete, the 
possibilities in clinical medicine expand such as the development of Artificial Intelligence (AI)
(25-27). To improve the use of clinical data overall, the generation and storage of it as well 
as the availability of the data to professional and patient, should be a focus of development 
in the future with the electronic medical record (EMR) as the backbone(28). The EMR as the 
daily digital work environment of modern healthcare, provides a useful foundation of data 
formation, storage, access and analysis. 

To improve the usefulness of this clinical data, a strong position by professional societies, 
even in governance, is crucial in my opinion. Firstly to determine for what purpose/meaning 
data should be collected and secondly, to create more unity in the generation, storage and 
usability of clinical data in modern medicine.
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Human Factors in Cardiovascular Care – Meta Value

Although novel in cardiovascular research, HF science is a discipline which increasingly finds 
its way into medical care(29-34). 
Cardiovascular care being heavily reliant on human physical- and cognitive performance 
in a complex environment, can benefit from HF science on multiple levels. Not only in 
sole diagnostic- or curative domains but also on the organizational level. Especially in 
the development and usability of novel technologies in clinical care as proposed in part 
two of this thesis, HF science offers a novel approach to change and hopefully improve 
cardiovascular healthcare in a meaningful way for both the patient and professional.

In recent years, implementation of electronic- or mobile health (eHealth, mHealth) into 
cardiovascular healthcare has gained increased attention. Electronic devices become more 
and more present in daily life and clinical care, which expand the possibilities in modern 
healthcare for both the patient and professional(35-38). 

Traditional physical check-ups are exchanged for video conferences with physicians(39, 
40) and the use of wearable Bluetooth™ devices such as blood pressure monitors or ECG-
devices enable the professional to closely monitor the patient at home, and interfere when 
necessary(41, 42). Moreover, these devices enable certain patient ‘empowerment’ with a 
positive impact on overall health(43). However, although the interaction between humans 
(patients) and technology is perceived as something that just ‘is’, it is worth investigating 
how this interaction is perceived and where the true value lies for the individual.

In cardiovascular medicine, professionals and patients are overall positive about the potential 
of eHealth(44-46), however little is known what effect of this technological transition has 
on an ever growing, elderly, patient population in terms of psychological stress or anxiety, 
as evidence is limited(47). Technological advancements in cardiovascular science show an 
exponential growth yearly(48), however as humans, our biology and psychology are not 
altered in a similar way. A good example among the young is an increased level of anxiety 
and depression among frequent users of novel social media applications and modern mobile 
technology(49-51). Studies examining the impact of eHealth on psychological wellbeing in 
cardiovascular patients are scarce today. 

HF science can be a valuable addition to systematically understand the (psychological) 
impact of technological advancements such as eHealth, and simultaneously offer a method 
to develop and implement new devices and technology in line with patient and professional 
preferences. 
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Especially the use of a patient-experience journey as proposed in this thesis, is essential in 
understanding the many elements of clinical care of which daily work consists, such as the 
interaction with the professional and the impact on the patient. From a VBHC perspective, 
outcomes on a personal level become thus more transparent and quantifiable(33, 34, 52). 

Furthermore, this process of mapping the healthcare experience by placing the human at 
the center of it, has become refined not only to support the utilization of novel devices in 
clinical care, but identically in the development of care tracks across multiple domains of 
healthcare(33, 53, 54). 

The strength of this process lies not only in the fact that it helps understand how stakeholders 
perceive and value the implementation of new elements of care, but also how the whole 
care-track can be redesigned by using this input. Regarding VBHC, this methodology enables 
a focus on value on a meta-level. Many dimensions of human health, disease and outcomes 
create an interaction with healthcare, not a single encounter. 

Using HF science and predominantly patient experience mapping supports the view that 
designing care is not merely for one aspect of disease. HF science in a sense, paves the 
way to healthcare design becoming more focused around the care continuum of chronic 
ailments, of which cardiovascular disease is a large part. A close collaboration between 
patients and medical professionals is eminent in this process. 
Despite some studies in this thesis having a small study population, meaningful information 
can still be gathered using a structured systematic analysis such as the patient journey/
experience mapping offers.

An interesting next step in human centered design and patient experience mapping, can be 
a focus on the permanency of the disease and care processes when re-designing healthcare. 
Cardiovascular disease is foremost a chronic ailment, which leads to suffering longitudinally 
on a physical and emotional level(55). ‘Empowering’ the patient by actively pursuing 
self-management and autonomy, can improve the perceptions regarding treatment and 
outcome, which in turn, lead to improved life expectancy(56). To empower, it is crucial to 
understand how patients perceive their illness in terms of coping and what they expect from 
treatment(57), but identically how they perceive their health in general(58). As a foundation, 
these illness and health perceptions can steer research and eventually let outcomes become 
more patient and value driven. In my opinion, to achieve this and to embed principles 
of human centered design and HF science further in modern cardiovascular research, 
a partnership with professionals from other disciplines such as humanities, design and 
technology will be crucial for the evolution of cardiovascular healthcare in the 21st century, 
to ensure a broad scientific basis. 
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To improve quality of clinical care and research, thorough evaluation of the scientific processes 
on usability, meaning and value should be done on regular basis, not only by professionals, 
but equally patients. Thus creating a loop of continued improvement (figure 1). Incorporating 
HF scientists in the foundation of this process within modern hospitals and clinical research 
creates hybrid care-centers with diverse specialists, which opens new possibilities in the future 
development of cardiovascular care.  Designed by humans, for humans.

Cardiovascular disease

Prevention TreatmentAspects of care

Domains of care Physical Cognitive Social System

Aspects of research
Understand 

physical 
aspects of 

disease

Understand cognitive and 
social aspects of disease

Understand 
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human 
society

Research and design Pharmaceutical 
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Cognitive and 
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professional 
society 

statements
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weeks months years

Figure 1. The future of cardiovascular care and scientific research.

Legend: To ensure a continuous system of improvement of daily clinical care and scientific research, Human 
Factors science provides a holistic approach to develop complex systems such as cardiovascular healthcare. At the 
basis should be thorough evaluation of research,- and design elements on personal and system levels, creating a 
continued loop of improvement.
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In dit proefschrift zijn twee onderzoeksmethonden gebruikt om systematisch nationale-, en 
lokale cardiovasculaire zorg in kaart te brengen en inzicht te verkrijgen waar te verbeteren 
voor zowel patient en professional. De introductie (hoofdstuk I) beschrijft globaal de 
inhoud van dit proefschrift. Een definitie van ‘waarde gedreven cardiovasculaire zorg’ en de 
meerwaarde hiervan voor de professional wordt uiteengezet. Wetenschappelijk onderzoek 
binnen het thema ‘waarde gedreven zorg’ plaatst vooral de patient en diens visie op 
waarde en uitkomsten binnen medische zorg voorop bij het uitvoeren van onderzoek, wat 
een unieke toevoeging kan zijn in de kliniek. Deel I van dit proefschrift omvat studies die 
pogen nationale cardiovasculaire zorg in kaart te brengen en suggesties te doen waar te 
verbeteren voor de professional. Deel II omvat onderzoeken die vooral op lokaal niveau 
(d.w.z. op ziekenhuis niveau) pogen klinische zorg voor zowel professional als ook de patient 
te verbeteren. Beide delen tezamen vormen een overkoepelend wetenschappelijk kader 
waarmee klinische zorg op diverse niveaus verbeterd kan worden. 

Het eerste deel van de introductie geeft een definitie van het begrip ‘waarde’ binnen 
cardiovasculaire zorg, zoals gezien door de professional, gevormd door richtlijnen en 
uitkomsten van ‘Evidence Based Medicine’-onderzoek (Geneeskunde op basis van bewijs). 

Hoofdstuk II en III illustreren het verschil tussen wat richtlijnen aanbevelen, en wat van deze 
aanbevelingen terug te zien is in de dagelijkse zorg van hartinfarctpatiënten in Nederland. De 
resultaten van twee studies worden besproken waarbij gebruik gemaakt is van nationale-, 
en regionale declaratiedata om de zorg rondom het hartinfarct te verbeteren.

Het tweede deel van de introductie beschrijft het meerlaagse concept van ‘gezondheid’ en 
‘waarde’ voor zowel professional en patient binnen de wetenschappelijke discipline van 
‘Waarde Gedreven Zorg’ (Value Based Healthcare) zoals beschreven door Porter en Teisberg. 
Daarnaast worden de beginselen van de Human Factors (HF) wetenschap beschreven, wat 
een bruikbare toevoeging kan zijn aan onderzoek binnen ‘Waarde Gedreven Zorg’ van 
cardiovasculaire patiënten. 

Hoofdstukken IV tot en met VIII beschrijven verscheidene studies waarbij de HF wetenschap 
en methodologie zijn gebruikt om onderzoek binnen klinische cardiovasculaire zorg vorm te 
geven in lijn met ‘Waarde Gedreven Zorg’ principes. Hieronder worden alle hoofdstukken 
van deel I en II in detail beschreven.
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Deel Een – Financieel Klinische Data Analyse

Hoofdstuk II beschrijft het gebruik van financieel klinische data om de behandeling van 
non ST elevatie myocard infarct (NSTEMI) patiënten in Nederland in kaart te brengen. 
Het doel van de studie was te zoeken naar modificeerbare factoren om de Nederlandse 
NSTEMI zorg te verbeteren. Financieel klinische data werd vergeleken met adviezen uit 
geldende internationale richtlijnen aangaande revascularisatie middels percutane coronaire 
interventie (PCI, of ‘dotter’) en gebruik van secundair preventieve medicatie. Data van 
ongeveer 18,000 unieke (d.w.z. voor het eerst doorgemaakt) NSTEMI patiënten behandeld 
in Nederlandse ziekenhuizen in 2015, werden geanalyseerd. 

Het toepassen van een PCI binnen 72 uur tijdens opname in het ziekenhuis en optimaal 
gebruik van secundair preventieve medicatie (d.w.z. het gecombineerd gebruik van 
een aspirine-preparaat, P2Y12-remmer, betablokker, ACE-AT-II remmer en een statine) 
gedurende 30 dagen follow-up werden geanalyseerd. Statistisch werd ‘Propensity score 
matching’ gebruikt om het effect van een PCI en gebruik van optimale secundair preventieve 
medicatie op de één jaar-sterfte te berekenen. Minder dan de helft (43%) van de NSTEMI 
patiënten kreeg een PCI binnen 72 uur tijdens ziekenhuis opname. Tevens gebruikte minder 
dan de helft (47%) van alle NSTEMI patiënten optimale secundaire preventieve medicatie 30 
dagen na het doormaken van het hartinfarct. Het krijgen van een PCI binnen 72 uur tijdens 
ziekenhuis opname en het gebruiken van optimale secundaire preventieve medicatie na 30 
dagen, droegen beide bij aan een lagere sterfte na één jaar (respectievelijk OR 0.42; 95%CI 
0.37-0.48 en OR 0.59; 95%CI 0.51-67). De studie toont de bruikbaarheid aan van financieel 
klinische data in de evaluatie van dagelijkse hartziekten zorg in een groot cohort NSTEMI 
patiënten, zonder een al te grote registratielast. 
De resultaten helpen cardiologen bewust te worden van het belang van een weloverwogen 
revascularisatie strategie en het nastreven van compleet gebruik van medicatie in NSTEMI 
patiënten.

Hoofdstuk III onderzocht het gebruik van financieel klinische data gecombineerd met socio-
economische status data op postcode niveau, om zo een beeld te krijgen van regionale 
hartziekten zorg rondom drie Nederlandse ziekenhuizen. Bijna 3,200 patiënten werden 
geïncludeerd uit jaren 2015 tot en met 2017. Totaal aantal revascularisaties (PCI of bypass/
CABG operatie), optimaal secundair preventief medicatie gebruik en sterftecijfers werden 
geanalyseerd in ST elevatie myocard infarct (STEMI)- en NSTEMI patiënten. De studie liet 
zien dat lage socio-economische klasse STEMI en NSTEMI patiënten vaker een Bypass/CABG 
kregen dan hoge socio-economische klasse patiënten, maar wel vaker het compleet pakket 
secundaire preventieve medicatie na het hartinfarct gebruiken in vergelijk tot de hoge socio-
economische klasse patiënten. Er waren geen sterfteverschillen tussen socio-economische 
klassen. 
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Deze ‘proof-of-concept study’ laat zien dat financieel klinische data effectief gekoppeld kan 
worden aan socio-economische data op postcode niveau om zo regionale hartinfarcten zorg 
in kaart te brengen en verbeteringen op wijk/postcode niveau te formuleren. 

Dit geeft zorgprofessionals (huisartsen, cardiologen e.a.) de mogelijkheid om gerichter te 
werk te gaan zoals primaire preventie strategieën toe te spitsen op lagen inkomsten wijken 
of het correct gebruik van medicatie te promoten in hogere inkomsten wijken. 

Deel Twee – Human Factors Wetenschap in Cardiovasculaire 
Zorg

Hoofdstuk IV beschrijft een opinie stuk welke het wetenschappelijk domein van Human 
Factors (HF) introduceert in de cardiovasculaire gezondheidszorg om ‘Waarde Gedreven 
Zorg’ op onderzoekvlak meer vorm te geven. Met als einddoel zorgprocessen voor zowel 
professional en patient tezamen te verbeteren. 

Hoofdstuk V toont de resultaten van een studie waarbij een veelgebruikte luchtvaart HF 
vragenlijst (Safety Attitudes Questionnaire – SAQ) werd gebruikt om het veiligheidsklimaat 
van twee teams tijdens open- en endovasculaire complexe aorta chirurgie te meten. 
Deze kwalitatieve studie laat zien dat de SAQ een effectieve vragenlijst kan zijn om de 
veiligheidscultuur in chirurgische teams tastbaar te maken en aanpassingen in het dagelijks 
samenwerken kan suggereren om de patiëntveiligheid tijdens operaties te verbeteren.

Hoofdstuk VI toont de resultaten van een HF studie waarbij de focus lag op wat hartinfarct 
patiënten onthouden en leren van educatie die gegeven wordt na het doormaken van een 
hartinfarct, en hoe dit proces ondersteund zou kunnen worden door een Mixed Reality (MR) 
Hololens applicatie. Twaalf patiënten en zes zorgprofessionals werden door middel van 
het toeval geïncludeerd in deze kwalitatieve interview studie. Patiënten en professionals 
werd gevraagd welke onderdelen van onderwijs (anatomische kennis, medicatie gebruik, 
revalidatie, invloed op persoonlijk leven) zij het meest belangrijk vonden. 

Patiënten gaven aan dat gegeven informatie te uitgebreid en inconsistent was als ook 
moeilijk te bevatten, voornamelijk het gebruik van secundair preventieve medicatie. 
Alhoewel professionals aangaven het belangrijk te vinden om patiënten goed te onderwijzen 
in het belang van medicatie in hun leven, vonden patiënten dat te weinig aandacht werd 
besteedt aan de impact van medicatie op het dagelijks leven. In tegenstelling tot patiënten, 
vonden professionals dat er meer onderwijs over anatomie en medicatie in het algemeen 
onderwezen moest worden. 



X

NEDERLANDSE SAMENVATTING	 187

De bevindingen van deze studie laten zien dat er behoorlijke verschillen zijn in wat 
professionals en patiënten belangrijk vinden als het gaat om informatievoorziening na het 
hartinfarct. De Microsoft™ HoloLens werd aangehaald als een bruikbaar gereedschap om 
de perspectieven van zowel professional als patient te harmoniseren, bijvoorbeeld om het 
belang van medicatie gebruik na het hartinfarct te verduidelijken.

Hoofdstuk VII bouwt voort op de bevindingen van hoofdstuk VI in de vorm van een 
gecontroleerde klinische studie waarbij een werkend Mixed Reality (MR) model werd 
ontworpen om de functie en het belang van statines uit te leggen aan hartinfarct patiënten.  

Een Human Factors ontwerp strategie werd toegepast waarin de mens centraal staat, een 
nieuw concept binnen de klinische cardiologie. Het effect van conventionele educatie 
(verbale en geschreven educatie) op statine kennis werd gemeten in 10 STEMI en NSTEMI 
patiënten. Deze uitkomst werd vergeleken met het effect van het MR model op statine 
kennis in 12 STEMI en NSTEMI patiënten. Deze studie laat zien dat conventionele geschreven 
of gesproken statine educatie maar minimaal effect heeft op het begrip van statines. Het MR 
statine model lijkt daarentegen effectief in het overbrengen van kennis met de mogelijkheid 
om patiënten het geleerde te laten behouden over langere tijd. Hoofdstukken VI en VII laten 
de bruikbaarheid zien van Human Factors denken in het proces van zowel het ontwerpen 
van nieuwe technologie als ook de wetenschappelijke evaluatie in de kliniek als één vloeiend 
proces.

Hoofdstuk VIII richt zich op de evaluatie van een poliklinische Virtual Reality (VR) 
hartkatheterisatie applicatie vanuit het patient perspectief. Deze studie onderzoekt met 
name de bruikbaarheid en haalbaarheid van de toepassing in de kliniek door een alfa 
versie van de VR applicatie genaamd ‘Pre-View’ te testen in patiënten die electief een 
hartkatheterisatie ondergaan.
 
Vergelijkbaar met hoofdstuk VII, wordt een ontwerp-strategie gebruikt waarbij de mens 
centraal staat. De VR applicatie laat patiënten de gehele opname beleven via interactieve 
360- graden foto’s en video’s. Een kleine patient populatie (N=8) testte de applicatie in 
de poliklinische setting voorafgaand aan de hartkatheterisatie. Hieruit kwam naar voren 
dat patiënten zich goed geïnformeerd voelden, het idee hadden actief deel te nemen in 
het zorgproces en maar weinig bijwerkingen (cyberziekte) te ervaren van de applicatie. 
Ondanks de kleine studiepopulatie laat de studie zien dat VR een acceptabel medium is 
in de poliklinische setting van cardiovasculaire zorg, wat nieuwe mogelijkheden biedt voor 
patient educatie.
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Conclusie en Toekomst Perspectieven

In dit proefschrift werd een uiteenzetting gemaakt van een systematische beoordeling van 
klinische cardiovasculaire zorg en hoe deze te verbeteren valt. Patronen in de alledaagse 
behandeling van Nederlandse myocardinfarct patiënten werden onderzocht als ook de 
evaluatie en het nieuw vormgeven van klinisch werk tussen professionals tijdens aortale 
chirurgie en poliklinische zorg van myocardinfarct patiënten. 

Ondanks dat veel keuzes in deze zorg gebaseerd zijn op ‘bewijs‘ (evidence), laten de 
gepresenteerde studies de realiteit van Nederlandse cardiovasculaire zorg in de 21ste eeuw 
zien. De studies tonen het spanningsveld tussen de professional die klinische behandel-
richtlijnen volgt om de uitkomsten voor de patient te verbeteren, en aan de andere kant, 
de patient die de zorg beleefd op een meer kwalitatief en minder kwantificeerbaar niveau. 
In het algemeen kan gesteld worden dat financiële klinische data analyse en human factors 
wetenschap methodologieën zijn die tezamen een uniek kader vormen om cardiovasculaire 
zorgprocessen te onderzoeken en verder te verbeteren voor zowel patient en professional.

Data Gedreven Gezondheidszorg
In Nederland zijn ziekenhuizen gedreven in het verzamelen en registreren van versleutelde 
patient data om zo de kwaliteit van geleverde zorg te raadplegen en te vervolgen(1-3).
 
Dit geeft transparantie van geleverde zorg en de mogelijkheid om de uitkomsten van 
verschillende patient categorieën te evalueren(4). Betreffende cardiovasculaire zorg data 
is de Nederlandse Hart Registratie (NHR) een belangrijk voorbeeld (5). De verzameling en 
opslag als ook het onderhoud hiervan is voornamelijk door professionals gedreven (zoals 
thoraxchirurgen, cardiologen) om zo behandelpatronen op een landelijk niveau te evalueren 
als ook de overleving en eventuele complicaties te monitoren van patiënten. De afgelopen 
jaren is financiële klinische data hierbij een waardevolle aanvullende bron gebleken voor 
kwaliteitsdoeleinden in verscheidene disciplines zoals cardiologie (6-10), longgeneeskunde 
(11-13), nefrologie (14-15) en oncologie (16-19).

Los van kwaliteitsanalyses, kan financiële klinische data analyse een vruchtbare toevoeging 
zijn in klinisch onderzoek binnen de gezondheidszorg om inzicht in patient aantallen te geven, 
behandelpatronen over meerdere jaren weer te geven als ook demografische entiteiten 
te belichten. In vergelijk tot alledaagse, observationele studies, is financiële klinische data 
analyse voornamelijk retrospectief met een lage registratielast, temeer omdat deze data 
automatisch wordt gekoppeld aan overheidsdata en opgeslagen wordt na ontslag uit het 
ziekenhuis. Op die manier geeft het patronen weer die getrouw zijn aan de werkelijkheid, 
in tegentelling tot de data die gegenereerd wordt uit gerandomiseerde studies, die in het 
algemeen afhankelijk zijn van in- en exclusie criteria (13, 20, 21). 
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Desalniettemin zijn belangrijke tekortkomingen van financiële klinische data het ontbreken 
van klinische details zoals opname verslagen, laboratorium,- of röntgen uitslagen, en het 
gegeven dat alle financiële data opgeslagen wordt bij verzekeraars. Dit maakt de toegang 
tot deze data beperkt voor professionals. Voor toekomstige toepassingen is een adequate 
koppeling tussen financiële- en klinische data onontbeerlijk voor de klinische toepassing 
hiervan.

Een hybride system van financiële data gekoppeld aan klinische data, opgeslagen in 
ziekenhuizen, kan een oplossing zijn om de toegankelijkheid voor onderzoek en dus de 
ontwikkeling van klinische richtlijnen te vergemakkelijken.

Met een immer groeiende mondiale patient populatie en daarnaast een toename 
in mogelijkheden om patient data te genereren en op te slaan in de hedendaagse 
gezondheidszorg, maakt dit dat de zorg meer en meer ‘data gedreven’ wordt (22-
24). Tevens neemt de kwaliteit en volledigheid van opgeslagen data toe wat leidt tot 
meer toepassingsmogelijkheden in klinisch werk, zoals de ontwikkeling van ‘Artificial 
Intelligence’(AI) systemen (25-27). Om het gebruik van klinische data in toto te verbeteren 
zou de datageneratie, de opslag ervan als ook de toegankelijkheid voor professional en 
patient meer aandacht moeten krijgen in toekomstige ontwikkelingen. Het elektronisch 
patient dossier (EPD) kan hierbij als hoeksteen fungeren(28). Het EPD als dagelijkse digitale 
werkomgeving binnen de moderne geneeskunde is een sterke basis voor zowel klinische 
datageneratie, de opslag ervan als ook de toegang ertoe en de analyse ervan.  

Om de bruikbaarheid van deze klinische data te vergroten moet naar mijn mening 
een resoluut standpunt door vakverenigingen worden ingenomen om sturing hierin te 
bewerkstelligen. Allereerst om vast te stellen wat het doel van de te verzamelen data is, en 
ten tweede aan te sturen naar meer homogeniteit in de generatie en opslag van klinische 
data, om zo de bruikbaarheid ervan in moderne geneeskunde te bevorderen. 

Human Factors in Cardiovasculaire Zorg – Waarde op Meta 
Niveau

Ondanks dat het een nieuwe entiteit binnen cardiovasculair onderzoek is, vindt de 
HF wetenschap als discipline meer en meer zijn weg in de medische zorg (29-34). De 
cardiovasculaire zorg kan hiervan profiteren, daar het afhankelijk is van menselijk 
functioneren in een complexe werkomgeving, op zowel fysiek als ook cognitief vlak. En niet 
alleen op het diagnostische-, of curatieve domein, maar ook op een organisatorisch niveau. 
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Vooral bij de ontwikkeling en het gebruik van nieuwe technologieën in de zorg, zoals 
voorgesteld in deel twee van dit proefschrift, kan de HF wetenschap een unieke bijdrage 
leveren om de cardiovasculaire zorg op een betekenisvolle manier voor zowel patient en 
professional te verbeteren.

Recent heeft de implementatie van elektronische-, of mobiele applicaties (eHealth, 
mHealth) in de cardiovasculaire gezondheidszorg een vlucht genomen. Elektronische 
apparaten vinden steeds meer hun weg in het alledaagse leven en zo ook in de klinische 
zorg, wat voor een toename in mogelijkheden zorgt in het ziekenhuis voor zowel patient 
als professional (35-38). Klassieke contactmomenten bij de arts worden ingeruild voor 
consulten via beeldbellen (39,40) en het gebruik van draagbare Bluetooth™ apparaten zoals 
bloeddrukmeters en hartritmemonitoren maken het de professional mogelijk om patiënten 
op afstand te vervolgen en in te grijpen wanneer noodzakelijk (41, 42). Verondersteld wordt 
dat deze apparaten een positief effect hebben op de patient en algemene gezondheid (43). 
Alhoewel de interactie tussen mens (patient) en technologie wordt gezien als een gegeven, 
is het de moeite waard om te onderzoeken hoe deze interactie precies tot stand komt en 
waar de werkelijke waarde voor de gebruiker ligt.

Binnen de cardiovasculaire gezondheidszorg zijn patiënten en professionals in het 
algemeen positief over het potentieel van eHealth(44-46), echter is maar weinig bekend 
over welke impact deze technologische transitie heeft op vlak van stress en angst in een 
steeds maar groeiende, ouder wordende, patiënt populatie. Bewijs hiervoor blijft beperkt 
(47). De technologische ontwikkelingen in de cardiovasculaire gezondheidszorg nemen 
jaarlijks exponentieel toe (48), echter is de ontwikkeling van ons als mens op biologisch en 
psychologisch vlak niet vergelijkbaar. 

Een goed voorbeeld hiervan is de toename van depressies en angststoornissen onder jongeren 
als gevolg van frequent ‘social media’ gebruik en moderne mobiele technologie (49-51). 
Studies die de invloed van eHealth op het psychologisch welbevinden van cardiovasculaire 
patiënten onderzoeken zijn schaars. HF wetenschap kan een waardevolle aanvulling hierin 
zijn om systematisch de (psychologische) impact van nieuwe technologie, zoals eHealth, 
op de gebruiker te begrijpen. Tegelijkertijd biedt het methoden om nieuwe apparaten te 
ontwikkelen en te implementeren in lijn met de voorkeur van patient en professional. 

Vooral het gebruik van de ‘patient-belevenis’ (patient journey) zoals voorgesteld in dit 
proefschrift, maakt het mogelijk om het dagelijks klinisch werk en al zijn aspecten te 
belichten, zoals de interactie met de professional en de impact hiervan op de patient. Vanuit 
een waarde gedreven perspectief worden uitkomsten op een persoonlijk niveau zo meer 
transparant en kwantificeerbaar (33, 34, 52).
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Dit proces van de ‘zorg-beleving’ in kaart brengen door de mens centraal te stellen wordt 
niet alleen ingezet om het gebruik van nieuwe technologie te ondersteunen, maar ook om 
complete zorgpaden in andere domeinen van de gezondheidszorg te ontwikkelen (33, 53, 54). 

De meerwaarde van dit proces ligt niet alleen bij het feit dat duidelijk wordt hoe deelnemers 
nieuwe elementen van zorg waarderen of beleven, maar ook dat de gehele ‘zorg-beleving’ 
tegelijkertijd kan worden aangepast met deze input op een zinnige manier. Vanuit een 
‘Waarde Gedreven Zorg’ perspectief zorgt deze methodologie ervoor dat de nadruk komt te 
liggen bij waarde op meta-niveau. 

Verscheidene dimensies van menselijke gezondheid, ziekte en de uitkomsten ervan op de 
mens zorgen voor een interactie met het gezondheidszorg systeem, en niet zozeer een enkel 
los contactmoment. Het gebruik van HF wetenschap en voornamelijk het in kaart brengen 
van de patient beleving in de zorg, ondersteund de gedachte dat het ontwikkelen van zorg 
niet bedoeld is voor een enkel aspect van ziekte. De HF wetenschap maakt het in zekere 
zin mogelijk dat bij de ontwikkeling en vormgeving van de zorg de focus komt te liggen op 
het gehele zorgcontinuüm van chronische ziekten, waar cardiovasculaire ziekte een groot 
deel van uit maakt. Hierbij is een nauwe samenwerking tussen patiënten en professionals 
onontbeerlijk. Ondanks dat enkele studies in dit proefschrift uit kleine studiepopulaties 
bestaan, kan betekenisvolle informatie ingewonnen worden door gestructureerde 
systematische analyses te gebruiken, zoals het in kaart brengen van de ‘patient beleving’. 

Om de zorg verder te ontwikkelen kan aandacht voor de langdurigheid van ziekte en de 
zorgprocessen die het met zich meebrengt een volgende interessante stap zijn in ‘mens 
gecentreerd ontwerpen’ en het in kaart brengen van de patient beleving. 

Cardiovasculaire ziekte is voornamelijk een chronische aandoening wat tot langdurig lijden 
op lichamelijk en emotioneel vlak leidt (55). Het ondersteunen van de patiënt door zelfzorg 
en autonomie te bevorderen, kan de perceptie van behandeling en de uitkomst hiervan 
positief beïnvloeden met uiteindelijk toegenomen levensverwachting (56). Om de patient 
hiertoe in staat te stellen is het vooral van belang om te begrijpen hoe patiënten hun ziekte 
beleven, hoe zij er mee omgaan en wat zij verwachten van de behandeling (57), maar ook 
hoe zij hun algemene gezondheid zien (58). Deze ‘ziekte- en gezondheidspercepties’ kunnen 
als fundament dienen voor verder onderzoek om uiteindelijk uitkomsten meer patient,- en 
waarde gedreven te maken. 

Om dit te bereiken is het naar mijn mening noodzakelijk om professionals uit andere 
disciplines zoals de geesteswetenschappen en ingenieurswetenschap te betrekken bij 
de implementatie van ‘mens gecentreerd ontwerpen’ en de HF wetenschap in modern 
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cardiovasculaire onderzoek. Dit zal leiden tot een brede wetenschappelijke basis, essentieel 
voor verdere ontwikkeling van cardiovasculaire zorg in de 21ste eeuw. 
Om de kwaliteit van klinische zorg en onderzoek te bevorderen is daarnaast frequente gedegen 
evaluatie van de wetenschappelijke processen noodzakelijk op vlak van bruikbaarheid, 
betekenis en waarde. Niet alleen door de professional, maar ook de patient. Zo wordt het 
verbeteren van zorg continue gewaarborgd (figuur 1). Het betrekken van HF specialisten in 
het fundament van dit proces in moderne ziekenhuizen en bij klinisch onderzoek, zorgt voor 
hybride zorgcentra met een diversiteit aan specialisten wat voor nieuwe mogelijkheden 
zorgt in de verdere ontwikkeling van cardiovasculaire zorg. Ontworpen door mensen, voor 
mensen.

Cardiovasculaire ziekte

Preventie BehandelingAspecten van zorg

Domeinen van zorg Fysiek Cognitief Sociaal Systeem

Aspecten van wetenschap
Begrip van 

fysieke 
aspecten van 

ziekte

Begrip van cognitieve en 
sociale aspecten van ziekte

Begrip van 
ziekte als 

een systeem 
in mensen

Onderzoek en ontwerp Farmacologische 
ontwikkeling

Cognitieve en 
psychologische 

ontwikkeling

Governance en 
vakgroep 

standpunten

Evaluatie

weken maanden jaren

Figuur 1.  De toekomst van cardiovasculaire zorg en wetenschappelijk onderzoek.
Legenda: Human Factors wetenschap maakt het mogelijk om met een holistische methode, complexe systemen 
zoals cardiovasculaire zorg verder te ontwikkelen aangaande dagelijkse zorg en wetenschappelijk onderzoek. De 
basis hiervan bestaat uit gedegen evaluatie van wetenschap,- en ontwerp elementen op het persoonlijke,- en 
systeem niveau, waardoor een continue lus van verbeteren ontstaat.
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List of Abbreviations

ACE-/AT2-inhibitors	� Angiotensin Converting Enzyme/ Angiotensin II receptor 
inhibitors

CAD: 			   Coronary Artery Disease
CI			   Confidence Interval
CMAQ			   Cockpit Management Attitudes Questionnaire
CRM			   Crew Resource Management
DBC 			   Diagnose Behandel Combinatie 
DIS 			   DBC Informatie Systeem
EMR: 			   Electronic Medical Record
ET(T)			   Endovascular Treatment (Team)
FMAQ			   Flight Management Attitudes Questionnaire
GIP			   Geneesmiddelen Informatie Project
GS-PEQ: 			  Generic Short Patient Experiences Questionnaire
HF			   Human Factors
HMD:			   Head Mounted Device
ICU			   Intensive Care Unit
ICUMAQ			  Intensive Care Unit Management Attitudes Questionnaire
ITQ			   Immersive Tendencies Questionnaire
IQR			   Inter Quartile Range
JS			   Job Satisfaction
LUMC			   Leiden University Medical Centre
LVF%			   Left Ventricular Function in percentages
METC: 			   Medical Ethical Committee
MI: 			   Myocardial Infarction
MR: 			   Mixed Reality
NSTEMI			   Non ST-elevation Myocardial Infarction
OR			   Odds Ratio
OR*			   Operating Room
OT(T)			   Open Treatment (Team)
PIE: 			   Patient Information and Education
PROM:			   Patient Reported Outcome Measure
PQ			   Presence Questionnaire
PCI			   Percutaneous Coronary Intervention
P2Y12			   Thienopyridine receptor blockers
PoM			   Perceptions of Management
SAQ			   Safety Attitudes Questionnaire
SAQ-NL			   Safety Attitudes Questionnaire Dutch Edition
SC			   Safety Climate
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SMD			   Standardized Mean Difference
STEMI			   ST-elevation Myocardial Infarction
SR			   Stress Recognition
STEMI			   ST-elevation myocardial infarction
Tmax			   Maximum Troponin release
TC			   Teamwork Climate
TeamSTEPPS		�  Team Strategies and Tools to Enhance Performance and Patient 

Safety
VBHC			   Value Based Healthcare
VR			   Virtual Reality
WC			   Working Conditions
WHO			   World Health Organization
ZINL			   Zorginstituut Nederland
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