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Abstract 

This master thesis is the result of the project that has been conducted at Maxima Medisch 
Centrum in Veldhoven , the Netherlands. This project is the final stage of the master degree 
program of Innovation Management at the Eindhoven University of Technology. By means of 
different retrospective and prospective risk analysis methods, of which some have been 
developed at the Eindhoven University of Technology, the preparation of an 'emergency' 
Caesarean section was analysed on hazardous factors. In order to increase patient safety, the 
causal factors for hazardous situations were identified, and countermeasures have been 
developed to prevent them. A subset of the collection of identified countermeasures was 
evaluated on the attendance of possible (negative) side effects, and final recommendations to 
increase patient safety are presented. 
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Executive summary 

This report is the result of the master thesis project as final part of the Innovation Management 
Master's Degree Program of the Eindhoven University of Technology. The project was 
performed within Maxima Medisch Centrum in Veldhoven, the Netherlands. The study was 
initiated by the formulation of a problem definition with accompanying research questions. The 
study was divided in two parts, study 1 and study 2. 

The process under study is the preparation of a 'crash' C-section. This process is perceived to 
be a 'high risk/low frequency' process. The lack of insight regarding the inherent hazardous 
factors of the process prevents a risk-assessment of the current situation. 

Study 1: 
1) What includes the preparation of a 'crash' C-section? (section 5.1 & appendix E-1- E-V/11) 

• A top level process description was produced to create insight in the process. Between 
the decision to perform a 'crash' C-section and the 'incision', the start of the surgery, 7 
subprocesses were identified. These subprocesses were also individually described in 
detailed process descriptions. 

2) What are the hazardous factors and its causes in this process? (section 5.2) 

• A total number of 39 potential failure modes were identified within the process. A table 
was created to depict the distribution of failure modes within the process. 

3) What are the possibilities for risk-reducing interventions in this process? (section 8.1 & 
chapter 6 & chapter 7 & appendix F) 

• An extensive list with proposals for countermeasures to increase the safety of the 
process was created. 42 unique countermeasures have been identified, and were 
translated into 16 general countermeasures, subdivided in four groups of interventions. 

Study 2: 
4) Is it possible to compare the adapted process (including the risk-reducing interventions) with 

the current process, on beforehand, based on the inherent risks? (chapter 7) 

• A second SAFER-analysis was performed in which a subset of 2 countermeasures was 
evaluated on system-level. This approach turned out to be very useful since another 8 
failure modes with 12 causal factors were found . 

The project has led to the following results: 

A research method to analyse processes in health services 
Field data of a case study in patient safety research 
An increase of insight in the restrictions of HFMEA/SAFER 
Initiative to perform patient safety research by means of simulation 
A detailed process description of the preparation of a 'crash' C-section 
Insight in the inherent risks of the preparation of a 'crash' C-section 
Recommendations to decrease risks within the preparation process 
Risk analysis of the proposed dislocation of tasks and employees to start preparing the 
operating rooms with employees of the delivery rooms. 
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Summary 

Introduction: 

The attention for patient safety research is increasing worldwide. The wish and necessity to 
investigate and improve patient safety did not remain unnoticed in the Dutch healthcare sector. 
Estimates of avoidable mortality rates in the Netherlands differ from 1735 [De Bruijne et al., 
2007] to 8000 per year. [NPSA, 2005; SIN-NL, 2006] 

Maxima Medisch Centrum (MMC) is a middle-sized hospital in the south of the Netherlands, 
consisting of two locations, in Eindhoven and Veldhoven. Besides the delivery of basic 
healthcare, the location in Eindhoven focuses on polyclinical treatment and short stay, and the 
Veldhoven location on multi-traumatology and specialised complex obstetric care. Women with 
an increased chance on premature delivery or other birth related complications are often 
redirected to MMC Veldhoven. For different medical reasons, the decision could be made to 
perform an 'emergency' Caesarean section , an attempt to deliver a baby as fast as possible. On 
the subject of organizational issues, this multidisciplinary process is among the most complex 
ones. 

Due to several factors, the preparation of a Caesarean section based on a life-threatening 
complication (in which immediate intervention is necessary to prevent major harm or death) is 
perceived to be a high-risk process. Improvements could probably be achieved by a decrease in 
avoidable damage caused by these factors, thereby increasing patient safety. A lack of insight 
however makes it impossible to assess the inherent hazardous factors of the process, a . 
necessary initial step to increase quality. [WAPS, 2005] 

A correct definition for a C-section performed due to a life-threatening situation turned out to be 
the 'crash' C-section . In order to increase insight in the hazardous factors and to identify 
potential countermeasures, a risk analysis of the preparation of a 'crash' Caesarean section was 
performed, and described in this report. The preparation of a 'crash' C-section was demarcated 
as from the 'decision' to perform it, to the actual start of the surgery, the 'incision'. 

The project: 

In order to guide a thorough study, a problem definition with accompanying research questions 
has been identified . 

Problem definition: 
The process under study is the preparation of a 'crash ' C-section. This process is perceived to 
be a 'high risk/low frequency' process. The lack of insight regarding the inherent hazardous 
factors of the process prevents a risk-assessment of the current situation. 

Research questions: 
1) What includes the preparation of a 'crash ' Caesarean section? 
2) What are the hazardous factors and its causes in this process? 
3) What are the possibilities for risk-reducing interventions in this process? 
4) Is it possible to compare the adapted process (including the risk-reducing interventions) with 

the current process, on beforehand, based on the inherent risks? 

VIII 
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Methods: 

This research was arranged in two separate studies. 

Study 1 
The purpose of the first study was to map the inherent risks within the process, and to identify 
countermeasures to prevent those risks in the future. In order to do so, a couple of methods 
were performed : 

• A frequency analysis 
• A detailed process description 
• The attendance of 'normal' Caesarean sections 
• The simulation of a 'crash' C-section using an obstetric birthing simulator 
• Process expert interviews 
• An extensive multidisciplinary prospective risk-analyis (SAFER) 

Study 2 
The purpose of the second study was to evaluate a subset of the proposed countermeasures on 
system level, to check whether the expected safety indeed increases and to prevent for 
(negative) side effects. In order to do so, another (small-scaled) SAFER-analysis was 
performed. 

Results: 

Study 1 
• When looking at the three most common complications preceding a 'crash' C-section, 

(placental abruption, - solution, and cord prolapse) this event turned out to occur 12 
times a year (average in 2005 & 2006) 

• 39 potential failure modes have been identified within the process 
• 42 countermeasures have been identified , and summarized into 16 general 

countermeasures 

Study 2 
In study 2, a second SAFER-analysis was performed in which a subset of 2 heavily interfered 
and realistic countermeasures was evaluated on side effects on system-level. This approach 
turned out to be very useful since another 8 failure modes with 12 causal factors were found . 

Conclusions: 

1) What includes the preparation of a 'crash' Caesarean section? 
The demarcated process from 'decision' to 'incision' consists of 7 substeps of which several 
steps can be performed in the same time. 

1. Managing staff for the surgery 
2. Preparation of the patient for transportation to the operating room (OR) 
3. Managing an available OR 
4. Staff to OR 
5. Transportation of patient to OR 
6. Preparation of the OR 
7. Preparation of the patient on the OR 
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2) What are the hazardous factors and its causes in this process? 
3) What are the possibilities for risk-reducing interventions in this process? 

These two questions can be combined, since the risk-reducing interventions are directly 
deduced from the harzardous factors and the causes of them, identified in study 1. 

The SAFER-analysis produced by far the most data concerning harzardous factors, causes and 
countermeasures. The expert interviews delivered 2 countermeasures, and the simulation 4. 
A numeric overview of the data produced can be found in table 1. 

method # #failure #root # #unique 
subprocess modes causes countermeasures countermeasures 

Experts - - - 2 2 

Simulation - 4 - 4 4 

SAFER 1 3 3 5 5 
2 13 15 15 13 
3 1 1 2 2 

4 5 6 5 5 
5 7 9 6 5 
6 3 3 3 3 
7 3 3 3 3 
Total 35 40 39 36 
process 

Table 1: Results of study 1 

4) Is it possible to compare the adapted process (including the risk-reducing interventions) with 
the current process, on beforehand, based on the inherent risks? 

The answer to this question is yes. By means of a second and limited SAFER-analysis, side 
effects on system level could be identified. The initial hazards, the reasons to propose a 
countermeasure, are known too. However, the decision of implementing a countermeasure is 
not only based on safety but also on other operational variables. Therefore, an inventory of risks 
of an old and proposed new process can be made based on prospective risk analysis (for 
instance cost-benefit analyses based on direct and indirect variables). Therefore, risk analyses 
as performed in this study can enhance safety-based decision-making processes in healthcare. 

x 
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Chapter 1: Introduction 

The research described in this thesis is regarding the patient safety of the preparation of an 
emergency Caesarean section within Maxima Medisch Centrum (MMC) in Veldhoven, the 
Netherlands. Sections 1.1 and 1.2 describe MMC, deliveries within MMC and the departments 
involved. Section 1.3 is an introduction into Caesarean sections, and 1.4 is about the perceived 
hazardousness of the process. Section 1.5 describes the upcoming changes related to the 
departments involved in the Caesarean section, and section 1.6 summarizes the subject of the 
study. 

1.1 Maxima Medisch Centrum (MMC) 

Maxima Medisch Centrum is a top-clinical learning hospital in the south of the Netherlands. Top
clinical means that it provides highly specialized care and medical education for future 
physicians. It originates from a fusion in 2003 between the former Sint Joseph Hospital in 
Veldhoven, and the Diakonessen Hospital in Eindhoven. Main reasons of the fusion were cost 
reduction by centralizing the investments and systems management. 

MMC is not an academic hospital, but it is a member of the STZ (the Dutch abbreviation of the 
association of collaborating top-clinical learning hospitals), an association of the twenty largest 
teaching hospitals in The Netherlands. 

In order to outline a general picture of the hospital, a numeric overview is provided in table 1.1. 

3.364 
195 
30 
836 
416.000 
166.407 
25.300 
184.413 
6.7 
187 .000.000 

Table 1.1: Quantitative data about Maxima Medisch Centrum (2006) 

1.2 Deliveries in MMC 

Each year, an average number of about 1850 deliveries is accomplished in MMC Veldhoven. In 
order to facilitate this process, the hospital possesses 6 delivery-rooms (DR) within the 
department of Gynaecology & Obstetrics. Almost 80% of the deliveries can be fulfilled in a 
natural way (vaginal delivery), and in about 20% of the cases a Caesarean-section (C-section) 
is performed due to one or more (medical) reasons. 

1 
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In contrast with the normal vaginal delivery which is performed in a delivery room, a C-section is 
performed in the operating room (OR). A C-section is defined in this research as "an obstetrical 
surgery in which the child is extracted from the maternal body through an incision through the 
abdomen and uterus." [Jochems and Joosten, 2003] An overview of the number and types of 
deliveries within MMC Veldhoven is depicted in table 1.2. 

Year: 2002 2003 2004 2005 2006 
Partus (Deliveries) 1648 1812 1902 1887 1833 
Multiple birth 75 89 77 112 75 
Caesarean section 393 438 437 436 377 
Deliveries by own qeneral practitioner/ midwife 154 154 202 209 217 
Admissions of other hospitals on OHC/NICU 108 146 153 149 175 

Table 1.2: Quantitative data about MMC (2006) 

Next to the medical implications of the C-section, the involvement of other departments 
increases the complexity of the preparation of a C-section . The number of departments directly 
involved in the preparation and execution of a C-section is dependant on the type of C-section 
and the moment of occurrence. In case of an 'emergency' C-section during the night- and/or 
weekend shifts, a maximum of five departments are directly involved. Their involvement will be 
discussed here. 

1) The deparlment of Gynaecology & Obstetrics 

Pregnant women which are about to deliver in MMC, are in most situations under the treatment 
of a gynaecologist of MMC and sometimes, depending on the level of threatened pregnancy, 
hospitalized on one of the nursing departments of the department of Gynaecology & Obstetrics. 
The department of Gynaecology & Obstetrics in Veldhoven consists of one polyclinic, two 
nursing departments, one highly specialized obstetric nursing department (the Obstetric High 
Care (OHC)) and one department of delivery rooms (DR). All processes concerning the 
observation and treatment of the (future) mother and the delivery, is organized within this 
department. 

2) The deparlment of Paediatrics & Neonatology 

The department of Paediatrics & Neonatology is located in Veldhoven, and consists of one 
polyclinic, one paediatric nursing department, and one Neonatal Intensive Care Unit (NICU). 
The paediatric nursing department offers room for maximally 32 children between 0 and 14 
years old, and the NICU offers room for 14 babies who need high or intensive care, often 
caused by prematurity, low birth weight, or native and/or cardiac disability. The examination and 
necessary treatment of the new-born child is their role in the C-section . Therefore, they also 
have to prepare their equipment and medication. 

3) The deparlment of Surgical Care 

The department of Surgical Care operates as an independent company within the hospital and 
is responsible for its own incomes and expenses. The department stretches out over both 
locations of MMC, where Eindhoven focuses on elective and plannable care, and Veldhoven on 
complex and acute care. Their role in this process is to arrange and prepare an operating room 
(OR) and to provide operating- and anaesthetic-assistants which facilitate the C-section. 

2 
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4) The department of Anaesthesiology 

The department of anaesthesiology is a cooperation of all 14 anaesthesiologists working at both 
locations of MMC. Depending on the type of C-section, they prepare and administer the spinal 
or general anaesthesia and watch over the general condition of the patient during surgery. 

5) The department of Reception and Security 

The department of reception and security consists of security employees, and take care off the 
safety of employees, patients and visitors of the hospital. Besides this, they have the function of 
service provider. One of these services is to call the employees of the departments described 
above, in case of an emergency during the weekend- and/or night shifts. 

1.3 The 'emergency' Caesarean section 

More than twenty percent of the deliveries in MMC Veldhoven are performed by means of a C
section . By far, most of the C-sections performed in MMC are performed under non-emergency 
circumstances. Main reasons to perform an elective (primary) C-section due to 'obstetric 
convenience' could be preceding C-sections in the case history, a breech presentation or a 
multiple birth [Lerch! & Reinhard, 2008]. The second largest part of C-sections consists of 
unplanned (called secondary) C-sections, mostly performed after a failed vaginal delivery due to 
a failed induction of labour or a failed instrumental delivery. The rarest type of C-section is a C
section which is performed due to an emergency indication. 

For different medical reasons of maternal and/or foetal emergencies before labour (ante partum) 
or during labour (durante partum), the gynaecologist can decide to attempt to complete surgical 
delivery as fast as possible. In MMC, this intervention is often called an 'emergency' Caesarean 
section. The preparation of this process is perceived to be among the most organisationally 
complex obstetric care-related processes. 

Due to an absence of documentation on frequencies, an initial investigation based on 
preliminary interviews with process experts was conducted in order to obtain insight in the 
frequency of 'the highest level of emergency' (immediately life-threatening) Caesarean sections 
in MMC. This resulted in an estimation of maximally 20 times per year, on an average of 1850 
deliveries per year. The distribution is depicted in figure 1.1. 

Figure 1. 1: Deliveries, C-sections and 'highest level emergency' C-sections within MMC Veldhoven 

3 
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Events like the 'emergency' C-section do not occur often, but when they do they initiate a 
complex multidisciplinary procedure. [Tuffnel et al. , 2001] Consistent with many patient safety 
investigations in both the Netherlands [De Bruijne et al., 2007] and worldwide, [Kohn et al., 
2000; NPSA, 2005] several departments of MMC Veldhoven presume a suboptimal organization 
of the preparation of an 'emergency' Caesarean section. A lack of insight regarding the inherent 
hazardous factors of the process though prevents a risk assessment of the current organization 
of this process. 

1.4 Perceived hazardous process 

Besides the absence of documentation of frequencies of 'the highest level of emergency' C
sections and/or incidents related to this process, the organization is facing more difficulties. The 
term 'emergency' C-section is used in a rather inconsistent manner. Besides possible problems 
in defining the research topic of this master thesis, this situation is also expected to be 
potentially hazardous for patients in the process. Coordinating the preparation of an 
'emergency' C-section for instance takes place by rapid (telephonic) communication between at 
least three departments. However, individuals can perceive very different messages when 
receiving the same information , due to their perspectives and biases. [Sandow, 2001] 
Therefore, using the same terms in the same situations is very important, and stressful 
situations even increase this importance. [Salas et al., 2005] Despite the importance of clear 
communication, no agreements were made to improve consistent usage of terms. 

Aside from the absence of a clear definition and insight in the frequency, there is also a 
perceived lack of strict agreements about the division of tasks, performed during the preparation 
of an emergency C-section. Due to the absence of agreements and division of tasks, not 
everybody exactly knows what actions are expected on which moment. Therefore, delegation or 
hierarchy becomes very important. The necessary decisions, decisions that could prove to 
make the difference between life and death, have to be taken under time pressure. The low 
estimated amount of the number of 'emergency' Caesarean sections per year will most likely 
result in a low level of routine, and therefore decisions will also have to be based on a low level 
of available experience. Together, these three issues are the perceived hazardous factors within 
the process under study. They will be discussed in depth in section 3.1. 

1.5 Planned expansion of MMC 

Closely related to the process described above, MMC created plans for both an educational 
simulation training centre and a specialized centre for the combined treatment of mother and 
child, both on its location in Veldhoven. Furthermore, MMC rearranged the delivery of 
healthcare among its two locations and named it 'the laterality of healthcare'. 

1.5.1 MedSim 

As discussed earlier, MMC is among the twenty largest learning hospitals in the Netherlands. 
Next to the treatment of patients, education is an important issue. In order to expand this 
educational factor, MMC is about to build a medical simulation centre , named MedSim. In this 
centre, specialists and their teams from MMC, as well as from other hospitals, can be trained in 
multidisciplinary teamwork by using high-tech simulation manikins. 
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1.5.2 VMK 

MMC will be the first hospital in Europe with a dedicated centre for combined treatment of 
gynecological , obstetric and neonatal patients. This centre will be named the Woman Mother 
Child Centre, abbreviated in Dutch to VMK (Vrouw Moeder Kind Centrum). In this centre, all 
women related specialisms, the delivery rooms and neonatal care will be accommodated. First 
of all , this enables treatment of mother and child in the same room/building which is expected to 
increase their bond . Secondly, closely related specialisms are physically brought together in this 
way. Finally, the construction of a new building and the accompanying redesign of the process 
is a good opportunity to improve the process with respect to the problems identified above. 

1.5.3 'Laterality of healthcare' 

Since its fusion in 2003, MMC Eindhoven started to focus on polyclinical treatment and short 
stay, and MMC Veldhoven started to focus on multi-traumatology and complex care . In 
September 2008, a rearrangement of distribution of healthcare delivery processes was adopted . 
The most important difference is the close-down of the department of emergency care and 
thereby the abbility to perform emergency surgeries in Eindhoven during the weekend/night 
shifts . An intervention team is composed , and immediate emergencies are transported to 
Veldhoven . This means that the occupation of the OR in Veldhoven will increase. 

1.6 Subject of study 

The absence of strict .agreements, as well as the unavailability of data concerning this process, 
all contribute to a situation in which the preparation of an 'emergency' Caesarean section is 
perceived to be a high-risk process. In risk management, these types of events are often called 
'high risk/low frequency'-events [Ament, 1999). Improvements could probably be achieved by a 
decrease in avoidable damage caused by these factors , thereby increasing patient safety. A 
lack of insight however makes it impossible to assess the inherent hazardous factors of the 
process, a necessary initial step to increase quality. [WAPS, 2005) 

Consultation between the researcher, the major supervisor of the Eindhoven University of 
Technology (TU/e) and the dean of the educational department of MMC, (MMC Academy) led to 
the decision to perform a risk analysis with respect to the preparation of the 'emergency' 
Caesarean section. 

The intended increase in insight off the inherent risks could enable improvements in the current 
process, and the outcomes of this research are also expected to be input for the internal and 
external multidisciplinary team trainings given in MedSim and for the design of the VMK. 

Furthermore, the conduction of this study is expected to create an opportunity to inventorise the 
applicability and shortcomings of the methodologies in patient safety research currently 
available. 
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Chapter 2: Patient safety 

In this chapter, a summary of the literature review on methodology in patient safety research will 
be provided. Section 2.1 will be focusing on patient safety, 2.2 on incident causation, 2.3 is 
about why people err and 2.4 describes the methodology in patient safety research. 

2.1 Patient safety 

The Quality of Health Care in America Committee of the Institute of Medicine {IOM) published a 
report named 'To err is human: Building a Safer Health System' in 2000. [Kohn et al., 2000] 
Main goal was to solve the current problems in healthcare. It is stated that it is unacceptable 
that patients are harmed by the healthcare system that is supposed to offer healing and comfort. 
Since the publication of the report of the IOM, the interest in the issue of avoidable adverse 
medical events increased tremendously. 

Based on the execution of the Harvard Medical Practice Study which led to the IOM report, 
patient safety record analysis assessed unintended avoidable damage to patients in Dutch 
hospitals. According to this widespread investigation, 1735 people are believed to die as a result 
of avoidable medical errors in The Netherlands every year [De Bruijne et al., 2007]. An 
extrapolation of the number of deaths per year found in investigations of the British National 
Patient Safety Agency (NPSA) resulted in even higher estimations of 8000 people dying and 
8000 people getting disabled each year. [SIN-NL, 2006; NPSA, 2005]. 

Together with organizations of medical employees and hospitals, the Dutch government started 
the campaign 'Faster Better' (in Dutch: SnellerBeter) in 2003, to stimulate the improvement of 
transparency, efficacy and quality in the curative healthcare. By now, the increase of patient 
safety in the Dutch healthcare has become a hot item, and lots of initiatives have been started 
to improve patient safety. But what is actually patient safety? 

Patient safety is defined by the World Health Organization (WHO) as "the freedom from 
accidental or unnecessary harm caused by adverse events made in any health care setting". 
[WHO, 2005] However, as clear as the definition of patient safety seems to be, as difficult it is to 
identify avoidable damage. This will be described in the next section. 

2.2 Incident causation 

In order to describe patient safety, a simple model of incident causation can be applied. [Van 
der Schaaf, 1992] An incident is an event that happens in any process, due to unsafe behaviour 
or an error. Three different types of failure are identified; technical, human and organizational 
failure. Depending on the existence of adequate defences in the system, a dangerous situation 
caused by the failure(s) will return into a normal situation or proceed into a developing incident. 
After adequate (human) recovery, this situation is called a near-miss ("an occurrence with 
potentially important safety-related effects which in the end was prevented from developing into 
actual consequences" [Van der Schaaf, 1992]) and otherwise it will develop into an accident 
("an occurrence with actual adverse consequences (e.g. injuries (or worse), material damages, 
environmental pollution, etc.) [Van der Schaaf, 1992]). A graphical representation of the incident 
causation model is depicted in figure 2.1. 
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Figure 2. 1: The incident causation model. [Van der Schaaf, 1992] 
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'Harm', as used in the definition of patient safety, could therefore be seen as a possible result of 
failure. Next to human operator failure, practically all technical and organizational failures are in 
some way related to human behaviour and human error. (for instance the design of a device or 
by management decisions). A general accepted definition of the term 'error' is defined by the 
English psychologist James Reason; "an error is used as a generic indication for all situations in 
which an intended succession of mental and physical activities do not lead into the intended 
result, and when these failures are not able to be accredited to some kind of chance. " [Reason, 
1990] 

There are major problems though with the term (medical) error. [Weingart and lezzoni, 2003] An 
unintended ending of an intervention , for instance complications or even death , could namely 
not always be avoided, due to the inherent risks of healthcare delivery [Giard , 2005] and are 
thus not always preceded by errors. The aim of patient safety research must therefore be to 
improve the outcome - to minimize harm to patients through failures in the process of structure 
of care. [Battles and Lilford, 2003] 

2.3 Why do people err? 

The work of James Reason is the authorative underlying model of the present thinking of human 
failure. He describes two approaches in which the human error problem is to be viewed, the 
person approach and the system approach . The differences between these two approaches are 
very important to understand error prevention, which is discussed later. 

The person approach is the longstanding and widespread traditional focus on unsafe acts -
errors and procedural violations- of people at the sharp end (nurses, physicians, etcetera). 
[Reason, 2000] According to this view, unsafe acts arise primarily from aberrant mental 
processes such as inattention , carelessness, negligence etcetera. The associated 
countermeasures are directed mainly at reducing unwanted variability in human behaviour, and 
errors are treated as moral issues, assuming that bad things happen to bad people, also called 
the 'just world' hypothesis by psychologists. [Lerner, 1970] 
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Mishaps though tend to fall into recurrent patterns, far from being random and regardless of the 
people involved. [Reason, 2000] In the system approach, the aberrant mental processes are 
called active failures, and the elimination of them is assumed to be impossible (declaring the 
IOM report its title, To err is human). Latent conditions though are the inevitable "resident 
pathogens" within the system, which have two kinds of adverse effects. They can translate into 
error provoking conditions (time pressure, understaffing, inexperience, etcetera) or can create 
long-lasting holes or weaknesses in the systems' defences (unworkable procedures, broken 
alarms). [Reason, 2000] And usually, it are the latent organizational failure factors that are 
overlooked, [Habraken et al., 2005] but they can be identified and remedied before adverse 
events occur. [Reason, 2000] In order to do so, patient safety research is necessary. 

2.4 Methodology in patient safety research 

Derived from the definition of patient safety, damage by adverse events in healthcare settings 
should decrease in order to increase patient safety. Battles and Lilford created a framework in 
which patient safety research initiatives can be considered in three different stages; (1) 
identification of the risks and hazards; (2) design, implementation , and evaluation of patient 
safety practices; and (3) maintaining vigilance to ensure that a safe environment continues and 
patient safety cultures remain in place. [Battles and Lilford, 2003] 

2.4.1 Identification of the risks and hazards 

In order to eliminate hazardous factors in a specific process, the risks and hazards first have to 
be identified . A risk is the possibility/probability of occurrence or recurrence of an event 
multiplied by the severity of the event. A hazard is defined as anything that can cause harm. 
[Department of Health, 2000] Research approaches used to identify risks and hazards include 
the use of medical records, administrative record review, event reporting , direct observation, 
process mapping, focus groups, probabilistic risk assessment and safety culture assessment. 
Identification techniques can be separated in retrospective and prospective ones. 

Retrospective techniques 

Traditionally, quality and safety assessments have been used to identify safety and quality 
problems retrospectively [Battles and Lilford, 2003]. These popular types of tools for creating 
input for patient safety increasing methods are based on 'learning from the past'; what went 
wrong? These types of analysis are called retrospective techniques and have been and still are 
used extensively in decision making, and are based on analysing data from the past. In patient 
safety research, the techniques can be divided in two types, based on the absence or presence 
of the use of incident reporting as data collection method. It is important to remark, that 
reporting itself does not increase patient safety, but the response to reports can. Therefore the 
response system is more important than the report system. [WAPS, 2005] Retrospective 
analysis is extremely useful in order to enable prevention of errors which occurred in the past. 
"Solely relying on retrospective approaches to identifying risks and hazards to the delivery of 
health care, however, is like driving using only the rear view mirror." [Battles et al. 2006] The 
inherent disadvantage is the inability to prevent errors that never occurred before. Examples of 
retrospective methods are root cause analysis (RCA, or SIRE in Dutch) [Molendijk, 2003], 
PRISMA [Battles et al., 1998; Kaplan et al., 1998] and CIT. [Flanagan, 1954] 

8 



Innovation Management - Master Thesis B. van Geffen 

Prospective techniques 

In order to prevent (types of) errors that never occurred before, prospective (also named 
proactive or preventive) research is necessary. This type of analysis is based on the question; 
what could go wrong? By means of this method, the infliction of unnecessary harm could be 
minimized by preventing from happening on beforehand. A limitation of prospective analysis 
though is the empathy of the human being and the amount of resources necessary to conduct a 
research . The value of performing prospective analysis before the implementation of a new 
technology or process is well known in other 'high-risk/low-frequency'-domains as chemical, 
nuclear and aviation industries for over decades, [Wetterneck et al., 2004] but hardly applied in 
healthcare settings. Examples of prospective research methods are HFMEA [McDonough , 
2002], the Dutch version of it; SAFER [Habraken et al., 2006], HACCP [IOM, 2004], and PRA 
[Chien et al., 1998] 

Both types of methods seem to complement each other, and could therefore be used next to 
each other in order to cover each other's disadvantages. Examples in other industries as railway 
[Vanderhaegen, 2001] and nuclear industries [Chien et al., 1998] support this idea, and from the 
beginning of 2008 on, the appl ication of retrospective and prospective risk analysis tools in 
Dutch healthcare became obligatory. Recommended is the use of retrospective research 
methods in order to identify the most interesting points of attraction , and analyse these by 
means of prospective methods like HFMEA. 

2.4.2 Design , implementation, and evaluation of patient safety practices 

The goal of patient safety is to reduce the risk of injury or harm to patients. Whatever type of 
research method is applied in order to identify the risks and hazards, patient safety increase can 
only be accomplished by eliminating or minimizing the harm to patients through failures in the 
process or structure of care. [Battles and Lilford, 2003] The elimination or minimizing is 
accomplished by implementing countermeasures to improve the process or structure of care . 
Different types of classification systems are used to category different types of hazards and to 
be able to apply effective countermeasures. This step could be seen as the response system 
the WHO is writing about. [WAPS, 2005) 

An example of a classification system used in the Netherlands is the Eindhoven Classification 
Matrix, developed by the faculty of Technology Management at the Eindhoven University of 
Technology (Appendix A). It is based on the theories promulgated by Reason and Rasmussen 
[Reason , 1990; Rasmussen , 1983; Battles et al., 1998; Kaplan et al. , 1998; WHO, 2005], and 
distinguishes different types of errors. Based on the types of errors, the Classification/Action 
matrix, also developed at the Eindhoven University of Technology, gives direction to the 
(theoretically) most effective countermeasures. (Appendix B) [Battles et al., 1998; Kaplan et al. , 
1998] 

2.4.3 Maintaining vigilance to ensure that a safe environment continues to exist and a patient 
safety culture remains intact 

When a situation is created in which patient safety research takes place and where constant 
improvement is the objective, the last (logical) step in creating and maintaining patient safety 
research initiatives is to maintain vigilance in order to ensure that a safe environment continues 
to exist and a patient safety culture remains intact. 
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Chapter 3: Problem definition and research questions 

In this chapter, the problem experienced within MMC will be explored (section 3.1) and a 
problem definition will be formulated in section 3.2. Following, the accompanying research 
questions will be discussed in section 3.3. 

3.1 Exploration of the problem 

As discussed in the introduction in section 1.4, a consistent definition of the process under study 
is missing, as well as the perceived lack of insight in the frequency of 'emergency' C-sections 
and strict agreements about the divisions of tasks . In order to be able to create a problem 
definition, an unambiguous definition of the process under study is necessary. Furthermore, an 
insight in the frequency is desirable, and the perceived problem of division of tasks is discussed. 

3.1.1 Definition of 'the highest level of emergency' C-sections 

Initial research exposed a situation in which there was no clear definition of the term 
'emergency' C-section . More specific; different departments had different perceptions of the 
level of urgency when the term 'emergency' was used in relation to C-sections. When hearing 
the term 'emergency', one would expect a life-threatening situation. In practice though, the term 
was also used for unplanned sections with less urgency. Scientific literature is less vague about 
the definitions of types of C-sections. A classification of C-sections was found in MacKenzie and 
Cooke [2002], according to the why and when of the decision to perform a C-section . 

A C-section is determined to be an 'emergency', when the decision is "made in labour for 
evolving foetal distress, failing labour or maternal reasons" [MacKenzie and Cooke, 2002]. 
'Evolving foetal distress, failing labour or maternal reasons' though , are not necessarily life
threatening situations. This research is focussing on the 'highest level of urgency' complications; 
the life-threatening situations. Therefore, the term 'emergency' C-section is too broad when 
trying to define the process under study. 

Furthermore, this definition clearly limits the definition of the 'highest level of urgency' to 
decisions made during labour. For instance, a complication named "abruptio placentae", refers 
to the premature separation of the normally located placenta. A complete separation is an 
immediate reason for a C-section , but does not necessarily occur during delivery. [Kwek et al., 
2004; Lim et al., 2005; Hillemans et al., 2005] Thus, based on the definition of MacKenzie and 
Cooke, a placental abruption is not always an immediate ind ication for an 'emergency' C
section, while in practice it is. One can thus conclude that this definition is too broad by including 
also less life-threatening situations, and simultaneously too narrow by excluding some major 
life-threatening situations which do not necessarily occur during labour. 
Another definition, discussed in the same article, is the 'crash' Caesarean section. A 'crash' C
section is a situation in which the decision for surgical delivery was "made if impending foetal 
death or serious maternal compromise anticipated (e.g. cord prolapse, abruption , uterine 
rupture)" [MacKenzie and Cooke, 2002, pg. 499]. 
This definition only includes situations that require immediate surgical intervention due to life
threatening obstetric complications by means of a C-section . Furthermore, based on this 
definition, the decision to operate is not necessarily made during labour, but also earlier in the 
pregnant period . Therefore, this definition is consistent with the aim of this study; to focus on the 
life-threatening situations in which immediate intervention by means of a C-section is necessary. 
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With a fitting description at hand, it is now possible to discover the frequency of 'crash' C
sections and to verify the expected low frequency of this process. 

3.1.2 Frequency of the 'crash' C-section 

Despite the existence of a clear definition of the term 'crash' C-section, retrospective record
analysis of frequencies was difficult to perform, since 'impending foetal death or serious 
maternal compromise anticipated' is an interpretation of a physician on the moment of 
occurrence and not an objective criterion to be ascribed afterwards. By studying the academic 
literature on the topic of 'crash' C-sections, no examples of retrospective record-analyses of 
frequencies were found. A classification based on documented suspicions of complications 
though was found in several articles. [MacKenzie and Cooke, 2002; Kwek et al. 2004; Lim et al., 
2005; Hillemans et al. , 2005] Taking into account the restricted length of the master thesis 
period and the importance to identify the frequency early in the research, it was impossible to 
identify this frequency by registering the 'crash' C-sections which took place during the research 
period . Therefore, record analysis based on retrospective selection was performed . However, 
retrospective selection based on documentation made it hard to assess the urgency of surgical 
intervention on the moment of occurrence. Several complications could be, but are not 
necessarily, life-threatening. Therefore, it was very difficult to determine whether a C-section 
was a 'crash' C-section or not. 

To make the assessment of the frequency as reliable as possible, the indications for 'crash' C
sections in literature were assessed on the average necessity to execute an immediate C
section . (table 2.1, [Hillemans et al., 2005]) Based on this assessment, inclusion or exclusion of 
the different complications was determined. One mid-wife, one resident gynaecologist and two 
gynaecologists achieved consensus about the level of threat of life of different complications. 
The 'uterine rupture', 'cord prolapse', and the 'placental abruption' were the only three 
complications which matched the described conditions; everybody agreed that these 
compl ications are always life-threatening for mother and/or child, and always require immediate 
intervention by means of a C-section. 

However, malpresentations, preeclampsia, etcetera, (table 2.1) could be an immediate threat of 
life, but were assessed to be not in most cases. Therefore, the assessment of the frequency will 
be more accurate when these complications were excluded. The only complication on which 
controversy existed was foetal distress. 

This resulted in a second round of evaluation . Some complications could namely be the result of 
other complications. Hillemans et al. [2005] describes a classification of 'crash' C-sections 
based on MacKenzie and Cooke [2002] . 'Foetal distress', or described as 'abnormal foetal heart 
rate' in Hillemans et al., can for instance be a result of a 'placental abruption ' [NVOG, 2001] or 
'cord prolapse'. [Beard and Johnson, 1972] This could also explain the fact that the number of 
complications described in Hillemans et al. exceeds the sample size. (table 3.1) Furthermore, 
there is no clear definition of 'foetal distress'. This is based on several 'performance indicators' 
of the foetus like the CTG, cardiac sounds and/or PH value. However, the absence of strict 
agreements on when or which values suggest 'foetal distress' is problematic in this situation. 
Therefore, it is hard to determine the frequency of 'foetal distress' afterwards. In order to control 
for above described bias, prevention from double inclusion and prevention from inclusion of 
non-life-threatening complications in the estimation of the frequency is necessary. In the sample 
of Hillemans et al. (n=109), the incidence of abnormal foetal heart rate was 99 times. The 
incidence of all other indications for 'crash ' C-sections was 95 times. 
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This practically means that almost every 'crash' C-section was preceded by multiple indications, 
with abnormal foetal heart rate as one of them in 91 percent of the cases. 

All (11 = 109) < 32 weeks < 37 weeks ~37 weeks 
of gestation of ges tation of gestation 
(n - 33) (11 - 60) (11 - 49) 

Abnonnal fotal heart ra te 99 (90.8%) 30 (90.9%) 52 (86.7% ) 47 (95.9%) 
Pl11cenml abrnption 22 (20.2%) 7 (21.2%) 14 (233% ) 8 ( 16.3%) 
Cord prolapse 23(2 1.1 % ) 5(15.1%) 9 (15.0%) 14 (28.6%) 
Prced arnpsia 5 (4.6%) 4( 12. 1%) 4 (6.7 'Yo) I {2.0% ) 
Placenta previa 4 (3 .7%) 2(6.1%) 3 (5 .0%) I (2.0% ) 
FailL'<I opera tive vaginal delivery 3 (2.7%) 0 (0%) 0 (0%) J (6. 1%) 
Epiduml ancsthe ia (complica t io ns) 2 (I.8% ) 0(0%) 0 (0%) 2(4.1%) 
Failure to progress 17 (15.6%) I (3.0%) 3 (5.0'Yo) 14 (28.6%) 
Malpresenta tio n 12 (11.0%) 6 (18.2%) 8 (13.3%) 4 (8 .2%) 
Amnioni tis/chorionitis 6 (5 .5% ) 5 ( 15.1%) 5 (8 .3% ) I (2.0% ) 
Fetopclvic dispropo11ion I (0.9%) 0 (0%) (l (0%) I (2.0%) 

Table 3.1: Indications for emergency C-sections [Hillemans et al. 2005] 

In order to make the estimation as reliable as possible, double inclusion was prevented by 
excluding foetal distress as an indication for 'crash' C-sections in MMC. Therefore, the definition 
of the frequency of 'crash' C-sections in Maxima Medisch Centrum is: 

The number of C-sections performed, of which the decision to do so was based on a 
documented suspicion of a 'cord prolapse', an 'uterine rupture' or a 'placental abruption '. 

Table 3.2 shows th.e frequency of 'crash' C-.sections based on this d~finition , resulting in 
respectively 14 and 10 times per year in 2005 and 2006. Although this number could be slightly 
higher in reality due to the selection criteria described above, this analysis confirms the relative 
low frequencies of this type of C-sections in MMC. Therefore, the 'crash' C-section is indeed 
perceived to be a 'high risk/low frequency' process. 

2005 Complication Frequency 2006 Complication Frequencv 
Cord prolapse 6 Cord prolapse 5 
Abruptio Placentae 6 Abruptio Placentae 3 
Uterine rupture 2 Uterine rupture 2 
Total 14 Total 10 

Table 3.2: Analysis of frequencies of documented compl1cat1ons leading to 'crash ' C-section in MMC in 
2005 and 2006 

3.1.3 Division of tasks 

Next to the problems experienced with the definition and the frequency, a perceived lack of strict 
agreements about the division of tasks was experienced (section 1.4 ). In order to discuss this 
problem, teamwork is discussed. In scientific literature, a definition of a team is: 'two or more 
individuals, who have specific roles, perform interdependent tasks, are adaptable and share a 
common goal'. [Salas et al. , 1992] Therefore, one can conclude that the different employees 
involved in the preparation of a C-section, perform in a team. Medical staff has to coordinate 
their activities in order to deliver patient care, safe and efficient. They perform interdependent 
tasks, function in specific roles and share the common goal of safe care. 
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Therefore, (interdepartmental) teamwork is critical for the delivery of healthcare, certainly in 
emergency-situations. The effectiveness of teamwork is dependant of the specific knowledge, 
skills and attitudes (KSAs) team members possess. [Baker et al., 2006] 
Despite this obvious importance of teamwork for the preparation of an 'emergency' C-section, 
representatives of the departments involved state that the departments more or less function as 
individual organizations. This statement is supported by scientific literature, which state that 
most healthcare departments continue to function as discrete and separate collections of 
professionals. [Knox and Simpson, 2004] 

The problems experienced within the hospital and described above can be summarized in a 
problem definition to guide this study. 

3.2 Problem definition 

After the exploration of the problem and the determination of a satisfying definition of the 'crash' 
C-section, a problem defin ition can be determined. 

Problem definition: 

The process under study is the preparation of a 'crash ' C-section. This process is perceived to 
be a 'high risk/low frequency' process. The lack of insight regarding the inherent hazardous 
factors of the process prevents a risk-assessment of the current situation. 

The preparation of the 'crash ' C-section is defined as the process from the moment the decision 
to operate was made, until the moment of the start of the operation , the incision. In this part, the 
multidisciplinary and cross-departmental interaction is expected to create hazardous situations. 
Furthermore, the decision-to-incision time (021) is a well-known demarcated part of the process 
originating from previous scientific research concerning the 'crash ' C-section . [Schauberger et 
al., 1994; Chauhan et al., 1997; Bloom et al. , 2006] 

In order to classify the problem definition and to guide a structured research, four research 
questions were determined. 
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3.3 Research questions 

In order to provide a solution for the problem as described in the problem definition, the primary 
necessity is to reduce the lack of insight regarding the hazardous factors within the preparation 
of a 'crash' C-section. In order to do so, a patient safety research initiative according to the 
framework of Battles and Lilford [2003] was created as discussed in section 2.4. This framework 
was guided by the following research questions (RQ) The research questions facilitate a 
complete risk management process, and can be divided in four steps. 

Process analysis 
In order to be able to identify the risks and hazards in the process, the exact contents of the 
process under study have to be identified . 

I RQ 1. What includes the preparation of a 'crash ' Caesarean section? 

Risk analysis 
When all specific (sub)steps in the process are determined, the next step is the identification of 
the hazardous factors in this process. This identification is necessary to be able to eliminate 
them. 

I RQ 2. What are the hazardous factors and its causes in thisprocess? 

Solutions 
By analysing the causes of the hazardous factors attendant in the process and identified in this 
research, countermeasures can be determined in order to decrease the risks . 

I RQ 3. What are the possibilities for risk-reducing interventions in this process? 

Evaluation of solutions 
In case of proposed interventions, it is very interesting to investigate, on beforehand, whether or 
not the interventions indeed increase the patient safety of the process. This investigation can 
also minimize the possibilities of unintended negative side effects. 

RQ 4. Is it possible to compare the adapted process (including the risk-reducing interventions) 
with the current process, on beforehand, based on the inherent risks? 
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Chapter 4: Data collection methods and research model 

In section 4.1, the data collection methods will be generally described, arranged by their 
corresponding research question. In section 4.2, they will be individually discussed in depth. 
Finally, the overall research model is presented in section 4.3. 

4.1 Data collection methods arranged by their corresponding research question 

In this section the data collection methods applied to answer the research questions identified in 
chapter 3 will be described briefly. 

4.1.1 RQ 1. What includes the preparation of a 'crash' C-section? 

In order to answer the first research question and to gain a clear insight in the contents of the 
process under study, a detailed flowchart was developed to describe and document the 
preparation of a 'crash' C-section. Input was coming from an analysis of the routing of the 
process and an analysis of the hospital's protocols on C-sections. This was complemented with 
the attendance of three elective C-sections, the organization of a simulation of a 'crash' C
section using an obstetric birthing simulator, and the conducted interviews with employees 
specialized in obstetric and/or surgical care . 

4.1 .2 RQ 2. What are the hazardous factors and its causes in this process? 

In order to increase process safety by eliminating hazardous factors and its causes, the 
identification of them is necessary. The largest part of data necessary to answer the second 
research question originates from a SAFER-analysis. The SAFER-analysis [Habraken et al., 
2006] is an adapted version of the HFMEA for the Dutch healthcare sector, which itself is a 
healthcare-adapted version of the FMEA, developed by the American National Centre for 
Patient Safety. [DeRossier, 2002] Based on the process description, potential failure modes are 
determined. Failure modes are manners in which failures occur. (discussed in depth in section 
4.2.6) Next to the primary source of failure modes, other (descriptions of) failure modes were 
retrieved from process experts and the simulation of the 'crash ' C-section . Expected failure 
modes are based on expected hazardous factors. These hazardous factors can be split into two 
types of hazards: 

The risk of making failures resulting in direct harm to the patient. An example could be 
the incorrect application of a tool during surgery resulting in harming healthy tissue. 

The risk of indirect harm to the patient. An example could be delay in the process due to 
a failure. "Prolapse of the umbilical cord is an obstetric emergency demanding 
immediate attention. Delay in management is associated with significant perinatal and 
mortality [Dufour et al. , 1996] caused by birth asphyxia [Murphy and MacKenzie, 1995]. 
"It is a widely held belief that exposure to asphyxia is deleterious to the foetus. The 
specific degree of asphyxia necessary to produce lasting sequelae, however, is 
unknown, and furthermore there appears to be significant individual variation in the 
tolerance to asphyxia. " [Ball et al. , 1994] 

Next to the identification of different failure modes, the potential causes of the failure modes are 
identified too in the SAFER-analysis. 
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4.1.3 RQ 3. What are the possibilities for risk-reducing interventions in this process? 

The simulation , the process expert interviews and the SAFER-analysis all produce their own 
collection of retrospective or prospective data. A built-in step in the SAFER-analysis also 
identifies causes of the failure modes and countermeasures to reduce or prevent future adverse 
outcomes. The Classification/Action-matrix, a prescriptive matrix which translates types of 
failure modes into prescribed types of countermeasures, could play a role in this. This matrix is 
visualized in appendix B, and discussed in depth in section 6.1. The combinations of failure 
modes, causes and countermeasures, can be added to the experiences in the simulation and 
the descriptions of process experts. 

4.1.4 RQ 4. Is it possible to compare the adapted process (including the risk-reducing 
interventions) with the current process, on beforehand, based on the inherent risks? 

A second study is conducted (study 2), in which a SAFER-analysis is performed concerning a 
collection of the proposed risk-reducing interventions. Conclusions about the usefulness of this 
comparison are drawn in order to facilitate future patient safety research . 

4.2 Detailed descriptions of the data collection methods 

In this section, the data collection methods introduced in section 4.1 will be discussed in depth. 

4.2.1 Analysis of the routing of a 'crash' C-section 

In order to get familiar with the preparation of a 'crash' C-section and to be able to develop a 
process model , the routing of the patient and the routing of employees during the preparation of 
a 'crash' C-section was explored in the presence of a senior gynaecologist. By means of a 
guided tour, the different steps performed on different places within the departments involved 
were explained . 

4.2.2 Analysis of the hospitals documents and protocols 

The hospital possesses a database with regulations for treatments of specific complications 
and/or situations. These are called "nursing quality documents" (Dutch : "verpleegkundige 
kwaliteitsdocumenten") and are to be found on the hospitals intranet. These documents were 
analysed on the availability of regulations for 'crash ' C-sections as input for the process model. 
Furthermore, hardcopy protocols were selected within the departments, since the digitalisation 
of protocols was not completed yet. 

4.2.3 Attendance of elective C-sections 

A good way to explore the process under study was perceived to be the attendance of a real 
'crash' C-section . The opportunity to do so was perceived to be very small though. The 
frequency of this process is very low (section 3.1) and the desirability from both organizational 
(lost of valuable time to inform and lead the researcher) as well as human point of view (privacy 
and possible negative influences) is questionable. However, elective C-sections are C-sections 
which are planned in advance and are very similar to the 'crash' C-section with respect to the 
process its contents. 
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Most of the process steps performed during this process correspond with the processes 
performed in a 'crash' C-section, but the main difference is the absence of the life-threatening 
situation and therefore the absence of necessity to haste. In order to investigate the 
corresponding process steps and to be able to create the process model, three elective C
sections were attended . Patients and their partners were informed about the intentions and 
were requested for approval. During the (preparation of) the surgery, the process steps and the 
differences with a 'crash' C-section were clarified by the OR assistants. 

4.2.4 Simulation of the 'crash' C-section 

The attendance of elective C-sections delivered a lot of information. One drawback though was 
the absence of the urgency to perform the C-section as fast as possible under emergency
circumstances. In order to experience, record and analyse a 'crash' C-section as real as 
possible, the process was simulated with an obstetric birthing simulator. (Noelle TM, Gaumard 
Scientifics, Florida). 

MMC already had experience with simulation in healthcare since several departments often 
train with these manikins, which are possessed by MMC. These are used for multidisciplinary 
team training for paediatrics, obstetrics and treatment of trauma-patients . 
The scenario of the simulation was determined to be an 'abruptio placentae' (a premature 
separation of the placenta from the uterus). This was the only one out of the three complications 
usually preceding a 'crash' C-section, (uterine rupture, abruptio placentae and cord prolapse, 
section 3.1) which often occurs before delivery. Therefore, the simulation would be more 
credible . One of the instructors in obstetric simulation represented the communication-role of 
the patient, an important factor that could not be simulated . Simultaneously the diagnostive 
questions were answered since heart rate, blood pressure and echo-images were not provided 
by the specific type of manikin used. 

An observational checklist was constructed in cooperation with the instructors in obstetric 
simulation and was filled in by the researcher. (Appendix C) Furthermore, indirect observation 
took place by means of videotaping the process. One fixed camera was placed on the OR to 
record the preparation there, and one 'moving camera' was handled by a gynaecologist who 
recorded the events surrounding the 'patient'. The data collected also served as input for the 
process model. 

The simulation was succeeded by an evaluation in which the participants were asked to 
evaluate the process. Furthermore, the videotapes of the process were analysed on the 
attendance of latent (error provoking) conditions (section 2.3). The protocols, agreements and 
physical factors which 'contain ' the latent failures, are not based on active human behaviour, 
and could therefore not be provoked by (psychological) factors related to the simulation. This 
type of data collection increases validity of the data since failures based on latent conditions 
could also occur during a normal 'crash' C-section, and fa ilures provoked by the simulation 
probably not. 

4.2.5 The creation of a process model 

Above described data collection methods led to a clear picture of the current working methods 
within MMC, which was translated into an easy flowchart, the process model (figure 5.1 ). This 
model was chosen because no calculations had to be made, a basic flowchart was thus 
sufficient. 
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Furthermore, the model would be used in cooperation with the employees of the hospital which 
are expected to possess minimal experience in process modelling. Step by step the process 
model was improved until consensus was reached with representatives of the departments 
involved . 

4.2.6 The SAFER-analysis 

Major part of the data collection method consisted of the execution of a SAFER-analysis. 
SAFER is the Dutch acronym for Scenario Analysis of Failure modes, Effects and Risks . The 
SAFER-method [Habraken et al., 2006] is a translation of the Healthcare Failure Mode and 
Effect Analysis (HFMEA) [DeRossier, 2002] for the Dutch healthcare sector. HFMEA is one of 
the Proactive Hazard Analysis tools (PHA), determined by the World Health Organization 
(WHO) to be of international importance in safety and hazard analysis . [IOM, 2004] 

The reason to choose this method was twofold; 
the VHA identified FMEA to be a useful tool. [McDonough, 2002] They investigated 
different prospective tools, HACCP, FMEA, RCA and HAZOP, and found each 
inadequate for hospitals. They developed HFMEA with key elements of each approach 
in it. [McDonough, 2002] 
comparison of other (future) (retrospective) methods with the prospective method 
(SAFER) is possible. [Van der Hoeft, 1995; Weterings, 2007] 

This SAFER-method consists of five steps, and uses a multidisciplinary team to proactively 
evaluate a healthcare process. [van Tilburg et al., 2006] It is a tool to evaluate potential failures 
and their causes, to prioritize potential failures according to their risk, and to identify actions that 
eliminate or reduce the likelihood of occurrence. [McDonough, 2002] It provides a methodology 
to document the analysis for future use and for continuous process improvement. The five steps 
of A SAFER-analysis will be discussed here. An extensive overview of the SAFER-method is to 
can be found in literature. [Habraken et al. , 2006]. 

Step 1: Choice of process and demarcation 
Step 2: Composition of the multidisciplinary team 
Step 3: Process description 
Step 4: Risk analysis 
Step 5: Countermeasures 

Step 1, the choice of process and demarcation of it was straightforward; the 'crash' C-section, 
from decision to incision. Step 2, the composition of the multidisciplinary team, is discussed 
below. 

In order to create a SAFER task group, a definition of the relevant population of employees was 
made (appendix D). The best results of a SAFER analysis are expected to be produced with a 
multidisciplinary task group. [Habraken et al., 2006] Variances in knowledge and willingness to 
share knowledge were estimated to investigate the relative distribution and tangibility of safety 
related knowledge within the organization . Sound choices concerning the task group 
composition could be made based on the cross-department and/or cross-disciplinary 
homogeneity of these factors. (Appendix D) The estimated knowledge is depicted in table 4.1. 
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Estimated relative variance Estimated relative variance in willingness 

in process-safety knowledge to share process-safety knowledge 

Inter-department Moderate Moderate 

Inter-disciplinary Moderate High 

Intra-disciplinary Low Low 

Table 4.1: Estimated relative variances in knowledge and willingness to share knowledge in MMC 

Based on table 4.1, inter-department and inter-disciplinary heterogeneity were expected to be 
moderate/high, and intra-disciplinary homogeneity was expected to be high. Thus, in order to 
create high heterogeneity in the SAFER-task group, the subgroup of which representatives were 
selected should consist of employees of the same discipline within the same department. Since 
the intra-group variability in both process knowledge as well as the willingness to share that 
knowledge was expected to be low, one representative of each subgroup was optimal (stratified 
disproportional sampling) . This also prevented from meetings with too much attendants. 
Applying these criteria led to the following composition of the SAFER-task group. (Table 4.2) 

• Obstetrics/gynaecology Number of employees in task group: 
0 Gynaecologist 1 
0 Resident gynaecologist 1 
0 Midwife 1 
0 Nurse 1 

• Anaesthesiology 
0 Anaesthesiologist 1 
0 Anaesthetic assistant 1 

• Operating Rooms 
0 OR-assistant 

• Paediatrics 
0 Paediatrician 
0 Resident paediatrician 

• Reception & Security 
0 Porter 

Table 4.2: Subgroups and sample sizes for the SAFER-task group 

The SAFER-task group thus consists of the researcher and 10 employees originating from 5 
different departments. The uniting of 10 employees, of whom 5 physicians, was expected to be 
very difficult though. Therefore, the process was split up in different sessions, depending on the 
scientific disciplines involved in the subprocesses discussed in that particular session. This 
distribution was expected to optimize the heterogeneity of process-knowledge combined with 
minimal attendance of expensive and busy employees. 

The creation of a process description (step 3) was directly adapted from step 2.2.5, the creation 
of a process model. In step 4, the risk analysis, each substep of the process as defined in the 
process model , was inventorised on the attendance of failure modes. A failure mode is defined 
as "the manner by which a process step can fail in reaching the expected result, what can go 
wrong?" [Habraken et al., 2006] For each failure mode the risk and frequency is estimated, and 
when it is perceived to be necessary, potential causes and their risk and frequency are 
estimated too. Finally, countermeasures to prevent potential causes are identified in step 5. 
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4.2.7 Process expert interviews 

The latent conditions which will be observed during the simulation and the failure modes which 
will be determined during the SAFER-analysis will be based on single incidents which occurred 
or could occur in the future. Next to the knowledge about deviations in the processes based on 
single incidents, employees are also expected to possess (subjective) information about the 
process. Especially those involved in former patient safety initiatives. This qualitative data does 
not necessarily have to belong to one specific incident I failure mode, and could therefore not 
always be gathered by the other collection methods. 

Process experts are people who are very closely involved in the process. Their (qualitative) 
knowledge could be of great value for this research. Therefore, this information will be retrieved 
by means of an interview. These interviews are named the 'process expert interviews' in this 
research. General background information is expected to be collected, potentially added up with 
countermeasures related to (general) problems. 

4.3 Research model 

The information provided above could be summarized in a graphical representation of the 
research model (figure 4.1 ). The complete study can be split in STUDY 1 and STUDY 2. The 
first study is conducted in order to answer the first three research questions, and the second 
study is initiated to answer research question 4. Furthermore, the data collection methods 
preceding the development of the process model formally have to be classified as step 3 of the 
SAFER analysis and are therefore not depicted individually in the research model. 

Research model 

STUDY-1: 
Risk Inventory of the 

current process 

Simulation of 'crash' 
caesarean section 

HFMEA-analysis 
(SAFER-I) 

Expert Opinions 

L ___ _ 

Figure 4.1. Research model 

Proposed 
improved 
procedure 

STUDY-2: 
Risk Inventory of 

proposed improved 
process 

HFMEA-analysis 
(SAFER-II) 

Scope of this project 

1) Final improved 
procedure 

2) Recommendations I 
for follow-up study 

1) Implementation of 
proposed 
improvements 
by team-training 

1 
2) Follow-up study 

I 
J 

Subsequently, the order of the data-collection methods in STUDY-1 had to be considered . 
Therefore, possible cross-methodological influences (figure 4.2) had to be minimized. 
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Figure 4.2. Graphical representation of possible cross-methodological influences in STUDY-1 

The considerations to minimize cross-methodological influences are summarized below: 

1) Influence of the simulation on the process expert interviews and vice-versa 
The intention of the process expert interviews was to retrieve general (potentially subjective) 
knowledge based on former patient safety initiatives and/or incidents. The simulation of a 'crash' 
C-section however was expected to deliver observed failure modes. Observation was expected 
to be more influenced by the subjective data than the other way around. To minimize bias in the 
data collection, the expert opinions were preceded by the simulation . 

2) Influence of the simulation on SAFER-I and vice-versa 
The disturbance of data collected in the SAFER-I analysis by the simulation will be minimal, 
since this analysis is based on consequences of the organizational structure. The influence of a 
thorough risk analysis however is expected to influence human performance, and the 
consequences of human performance are observed during the simulation. Therefore, bias will 
be min imal when the SAFER-analysis is preceded by the simulation. 

3) Influence of the process expert interviews on SAFER-I and vice-versa 
These two data collection methods are focusing on two different aspects of risk analysis. Where 
expert opinion is partially based on subjective opinions based on experiences and thoughts, the 
SAFER-analysis is mostly based on rationality. However, the organisational influence of four 
SAFER-analyses with an averaged attendance of 10 employees is expected to be bigger than 
the influence of two interviews. Therefore, the SAFER-analysis was preceded by the process 
expert interviews. 

The considerations described above were translated into the optimal distribution of data 
collection methods, visualized in figure 4.3. 

STUDY-1 STUDY-2 

> Simulation5>Expert0pini~ SAFER-I> Redesign> SAFER-II > 
t 

Figure 4.3. Distribution of data collection methods 

This distribution enables the simulation to function as an introduction in the field of patient safety 
for the employees involved in this study. Together with the SAFER-I , the data collection 
methods form study 1. Afterwards, study 2 is conducted, consisting of the second SAFER
analysis . 
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Chapter 5: Results (study 1) 

This chapter describes the results of the different methodologies applied in study 1. In section 
5.1, the process model derived from several methods (chapter 4) is discussed. Section 5.2 
discusses the results of the SAFER-analysis, section 5. 3 of the simulation and section 5.4 of the 
process expert interviews. 

5.1 Process model 

Analysing the preparation of the 'crash' C-section by means of the methods described in 
chapter 4, resulted in a model of one main process, consisting of seven subprocesses within the 
demarcation of the process under study. The top level model of the process description is 
depicted in figure 5.1. 

F o.t• I •nd/or 
m.atarr..I 

• mer9t nGY 

Figure 5. 1. Top level process description 

Each of the subprocesses consists of minimally 7 and maximally 19 process substeps. The 
process description was evaluated with minimally one representative of each department 
involved. After the evaluation , the process description was used as input for step 3 (process 
description) in the SAFER-analysis. The subprocesses are depicted in appendices E-1 to E-Vlll. 

5.2 SAFER-analysis 

The SAFER-analysis was conducted in four sessions of 1 % hour each . The arrangement of 
subprocesses in the individual sessions is depicted in table 5.1 . 

Session 
1 2, 5 
2 3, 4, 6 
3 1 
4 7 

Table 5.1 , arrangement of subprocesses in the individual sessions 
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The reason for this structure was based on the necessary attendance of the total SAFER-task 
group when analysing substep 1. In this way the employees necessary for session 3 are divided 
mutually exclusive in session 1 and 2 and received instructions there. Therefore, everybody 
received the explanation exactly once, guaranteeing maximum use of the time available. 

A total number of 35 potential failures and 40 potential causes were identified . The SAFER-task 
group identified 39 potential countermeasures to increase the safety of the process under study. 
Although the absence of quantitative support, a large part of the data provided by the 
participants turned out to be based on incidents in the past. Methodological implications of this 
remarkable issue will be discussed in section 8.2. 

In table 5.2, the number of failure modes, potential causes and the number of countermeasures 
are depicted for each subprocess. Due to the presence of multiple identical countermeasures 
within the same subprocess, the number of unique countermeasures is also depicted in this 
table. {deduced from [Rutteman , 2006]) 

# subprocess #failure modes #root causes # countermeasures # unique 
countermeasures 

1 3 3 5 5 
2 13 15 15 13 
3 1 1 2 2 
4 5 6 5 5 
5 7 9 6 5 
6 3 3 3 3 
7 3 3 3 3 
Total process 35 40 39 36 

Table 5.2: Quantitative representation of the results of the SAFER-analysis 

5.3 Simulation 
Observing the simulation of a 'crash' Caesarean section satisfied the initial purpose to create 
insight into the organization of the process. Despite the unexpectedness for the employees and 
the strange feeling they had in the beginning of the simulation, everybody reported that the 
reality of the process and the actions performed was very high. Furthermore, they were very 
enthusiastic and understood the necessity to improve patient safety of this process. 
The attempt to visualize the process for the researcher also succeeded, provid ing a realistic and 
complete insight in the process. Next to these benefits, failure modes and countermeasures to 
prevent them were identified, supported by the observational checklist, the evaluation and the 
recordings of the simulation. A total number of four countermeasures were identified within the 
demarcation of this process. They were based on latent failure modes observed during the 
simulation, and discussed in depth during the evaluation . 

5.4 Process expert interviews 
Involving process experts mainly delivered information about issues related to general 
processes in the hospital , and less related to specific incidents. The interviews with process 
experts resulted in a more interconnected picture of all subprocesses and facilitated the creation 
of a process description . Besides this, two general improvements within the demarcation of this 
study were proposed , originating from two different process experts. These general 
improvements could be seen as countermeasures and are comparable with the 
countermeasures resulting from the SAFER and the simulation. 

23 



Innovation Management - Master Thesis B. van Geff en 

Chapter 6: Analysis (study 1) 

In this chapter, the analysis of the data is described, preceded by additional theory to clarify the 
analysis (6.1). In section 6.2 the results of the SAFER-analysis are compared with a theoretical 
model of effective countermeasures. Criteria for selecting effective countermeasures are 
evaluated in section 6.3, and the classification of countermeasures using the open coding 
method is discussed in 6.4. 

6.1 Theory underlying the analysis 

The main purpose of this research was to decrease the potential inherent risks in the process of 
the 'crash' C-section, to make it safer. This can only be reached by taking action in response to 
the identified failure modes and causes [WAPS, 2005] Therefore, countermeasures have to be 
taken . A countermeasure though is based on an expected failure mode with underlying causes. 
When discussing error prevention, the speed of the process was also determined to be a risk in 
this process (discussed in 4.1.2) . Since the functioning and procedures within the organization 
have to be optimal in order to intervene as fast as possible, countermeasures identified to 
increase process speed are also evaluated to increase chance of survival [Ball et al., 1994; 
Murphy and MacKenzie, 1995; Dufour et al., 1996]. 

In order to stimulate effective risk management, (types of) causes of errors must be translated 
into proposals for effective preventive and corrective countermeasures. This can be fulfilled by 
the Eindhoven Classification Matrix (ECM, appendix A) in combination with the 
Classification/Action matrix (CIA-matrix, appendix B). The ECM enables root-cause 
classification, and the CIA-matrix connects classified causes with effective countermeasures. 
Both matrices are based on human behaviour models [Rasmussen, 1976] and were developed 
to describe operator errors in process control task, to counteract the sometimes strong bias to 
start and stop analysing at the level of the operator or end-user. [Battles et al. , 1998; Kaplan et 
al., 1998] The CIA-matrix is based on a fixed relationship between types of root-causes of 
failure modes and effective preventive and corrective countermeasures. 

However, the SAFER-method , the major source of data in this research (86% of the 
countermeasures were identified using this method) is not specifically developed to identify the 
root causes of incidents. Each failure mode is usually only identified by one cause and not on 
root cause-level, a known problem in incident analysis . [Reason, 2000; Habraken et al., 2005] 
When root causes will not be identified in the SAFER-analysis, root-cause classification is also 
expected to be inaccurate to some extent. Furthermore, the apllication of ECM and the C/A
matrix becomes impossible, since they rely on classified root causes as input. Since the theory 
behind (human) error and effective countermeasures cannot be applied in this ways, the 
SAFER-analysis does not formally support the system approach. 

Despite the difficulties to apply the CIA-matrix for appointing effective countermeasures, it would 
be interesting to explore the level of similarity between the practical and theoretical relationship 
between the causes and countermeasures, on which the CIA-matrix is based . This theory can 
be applied to evaluate the relation between causes and countermeasures identified in the 
SAFER-analysis, and the correspondence of this relation with the theoretical models. 
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6.2 Correspondence between theory and practice 

Although root-cause classification is expected to be inaccurate, the causes identified in the 
SAFER-analysis can be classified with the ECM and translated into types of countermeasures 
by means of the CIA-matrix. The countermeasures identified in the SAFER-analysis can also be 
classified by their type of intervention. This results in two types of countermeasures for each 
failure mode, of which the correspondence can be calculated. A variant on this method was 
already successfully applied in earlier patient safety research. (Rutteman, 2006] 

This calculation is visually depicted in figure 6.1. 

Causes of failure 

Proposed 
countermeasures 

in SAFER 

Classified 
-+ CIA-matrix --+ countenneasures 

N=36 

N=33 

Correspondence 
= 56,5% 

modes identified _. ECM -+ CIA-matrix -+ Classified 
countermeasures In SAFER 

Figure 6. 1: Correspondence between the proposed countermeasures and failure modes 

The first set consists of 36 countermeasures (since there were 36 unique countermeasures 
identified in the SAFER-analysis) and the second set of 33 countermeasures (since there were 
33 classified failure modes). The combinations in which one was classified as X were excluded. 
This resulted in 30 combinations of classified countermeasures. Multiple unique combinations of 
causes were treated as single combinations, resulting in 23 unique combinations of classified 
countermeasures. 10 of them did not correspond with each other, resulting in a correspondence 
of 56,5%. This supports the low level of correspondence between the theoretically most 
effective relation of causes and countermeasures and the results of this SAFER. Assuming the 
correctness of the theoretical model of the most effective relation between types of causes and 
countermeasures described by the CIA-matrix, the question rises whether the causes identified 
were the incorrect ones, whether the classification was incorrect or whether the 
countermeasures identified are not the (theoretical) most effective ones. 

In order to further analyse the data, a matrix was constructed in which the distribution of 
classified countermeasures is depicted (table 6.1) 
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Classified countermeasure based on classified cause 

Technology/ Procedures Information/ Train ing Motivation Escalation Reflection x 
Equipment Communication 

Technology/ xx x Equipment 

Procedures xxxxx x x x 
Information/ 

Communication x x 

Tra ining x 

Motivation xx 
....... D Escalation 

' 
xx xxx xxxxxx x ... - ~ 

Refl ection 

x x 

Table 6.1: Distribution of proposed countermeasures and failure modes 

A striking conclusion can be drawn upon the data in table 6.1. The visualized distribution shows 
that 5 out of 10 pairs of the non-corresponding countermeasures are classified as "escalation''. 
However, based on the types of underlying classified causes, other types of countermeasures 
were prescribed (circle in table 6.1 ). This means that the countermeasures proposed in this . 
study have to be 'escalated'; to be handled at a higher organisational level. However, this does 
not mean that the type of countermeasure differs from the proposed one. There was already 
stated that the preparation of a 'crash ' C-section was a complex interdisciplinary process. It is 
not that strange that some countermeasures cannot be implemented by for instance the 
department of gynaecology & obstetrics alone. The decision whether or not to implement a new 
patient identification system (section 6.4 & appendix F) cannot be made by a single department, 
but in fact it is a technology-based countermeasure. Classification as "escalation" in this context 
does therefore not necessarily mean that the proposed and real type of countermeasures differ 
from each other. The CIA-matrix however is constructed to function as a prescriptive tool , and 
not as a validation tool. This issue will be discussed in section 9.3.4. 

Furthermore, no structured root cause analysis (RCA) was performed in this research . The ECM 
and the CIA-matrix are elements of PRISMA, and PRISMA-analyses lead to specific and 
detailed root causes, while the HFMEA leads to predicted risks with vague causes. [van der 
Hoeft, 1995] Therefore, it is reasonable to assume that not all causes identified were the real 
root causes. This could also explain the low level of correspondence discussed above. 

Thus, despite the relative low correspondence of 56,5 %, there is no reason to stop using the 
countermeasures produces by the SAFER taskgroup, based on the combined conclusions 
described above. 
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6.3 Criteria for the selection of countermeasures 

Since there is decided to continue the analysis with the results of the SAFER-analysis, selection 
and grouping of the countermeasures is necessary, due to internal contradictions in the list of 
countermeasures and the very restricted amount of time available for multidisciplinary 
evaluating the proposed countermeasures. A first selection was made by applying selection 
criteria directly deduced from the demarcation of the process. 

The countermeasure has to be 

1) directly related to a (sub)process of the 'crash' Caesarean section within the focus of this 
study, from decision to incision 

This criterion ensures the exclusion of countermeasures directed at (sub)processes 
which do not belong to the preceding demarcation of the process under study. 

2) directly related to the organization of a (medical) process, not (only) to the medical contents 
This criterion ensures the exclusion of countermeasures which change the process with 
respect to the medical content 

Applying these criteria results in 30 unique countermeasures. 

Next to the theoretical effectiveness and the demarcation of the process, there are a lot of other 
context variables which influence the feasibility of possible countermeasures. An example of an 
important context variable is the planned reorganization and integration of all processes related 
to specialized care for women , the delivery rooms and the neonatal care unit in the Vrouw 
Moeder Kind Centrum (section 1.5.2). Taking into account the expected changes in the 
organizational structure, it is practically impossible to create quantitative and/or objective criteria 
to base the selection of countermeasures on. However, applying the knowledge and experience 
of a representative group of process experts from within the hospital could be problematic due 
to busy schedules. On the other side, picking one process expert to support the selection could 
create bias by subjectivity, for instance originating from the department he or she is working for. 

The researcher though is unrelated to a specific department and has been closely involved into 
the process for a couple of months. Therefore the general recommendations were filtered by the 
researcher, out of the big list of countermeasures proposed . In order to do so, content analysis 
was applied to group related countermeasures and to discuss the general findings for each 
group. Content analysis (also known as open coding method) is defined as a "technique for 
making inferences by objectively and systematically identifying specified characteristics of 
messages" [Holsti , 1969] 
A total number of 4 groups were identified (table 6.2) and discussed in section 6.4. 

Group Clarification # of specific # of general 
countermeasures countermeasures 

Communication Related to the transfer of information 7 6 
Division of tasks Related to the location, moment and/or 11 4 

interdepartmental division of tasks 
Identification Related to identification of patients/objects 6 3 
Remaining Remaining countermeasures not related to 6 3 

the qroups declared above 
30 16 

Table 6.2: Groups resulting from the content analysis of the results of the SAFER-analysis 
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6.4 General countermeasures classified in groups 

A total number of 16 general countermeasures were deduced from the data collected in the 
described research methods. In order to create structure in the collection of countermeasures, 
they were grouped based on the type of intervention and the part of the process they focus on. 
81% (13) of the total collection of countermeasures (16) could be assigned to a specific group, 
and the remaining 19% (3) were assigned to an X-factor, named as the 'remaining' group. 
(Figure 6.2) 

3 

3 

4 

a Cormunication 

•Division of tasks 

o Identification 

D Rerreining 

Figure 6.2: Number of classified countermeasures for each of the groups 

Due to the importance of the countermeasures in this research, each general countermeasure 
in each group will be discussed briefly here. The complete and extensive argumentation for 
each of the countermeasures is to be found in appendix F. 

Communication: 

Countermeasures in the group 'communication ' are focusing at an increase (of quality) of 
communication between several disciplines and/or departments. A total number of six general 
countermeasures could be identified in this group and are presented below. 

Terminology: 
Agreements should be made upon the use of a classification to announce C-sections based on 
the desired interval to perform the C-section. In order to facilitate this process, the following 
classification is proposed ; 

Code Rood ; emergency in which immediate intervention is required 
Spoed sectio; situation in wh ich rapid intervention is required within maximally 30 min 
Secundaire sectio; situation in which intervention is required within maximally 60 min 

Next to the use of this term, communication with the resident paediatrician should minimally 
include the denomination of a foetal bradycardia (extreme low heart rate) when present, the 
reason for immediate surgery (the complication) , and the gestational age of the woman. 

Informing employees about location of the C-section: 
A procedure should be created in which the (resident) paediatrician is informed about the 
location of a 'Code Rood ' during the daily shifts. 

Asking for help by the resident paediatrician in absence from the supervisor: 
A procedure should be created in which the resident paediatrician is obligatory to ask the 
anaesthesiologist whether he or she could assist in taking care of the new-born child when 
necessary, when the supervisor is not present at the start of the C-section. 
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Communication towards the floor manager: 
Clear agreements have to be made who communicates a 'Code Rood' to the floor manager. 

Informing employees about the situation of the patient while intubating: 
When the anaesthesiologist is intubating the patient in case of a 'Code Rood', the gynaecologist 
should shortly describe the reasons for surgery (the complications) and the situation of the 
woman and foetus. 

Communication between the Reception and the OR: 
In a situation in which a secondary team is necessary, communication should take place from 
the Reception to the OR about the extent to which finding employees succeeded. 

Division of tasks: 

Countermeasures in the group 'division of tasks' are focusing at improving the efficiency of the 
location, moment and/or interdepartmental distribution of tasks performed. Four general 
countermeasures could be identified in this group. 

Training the DR-employees in major actions on the OR: 
The (resident) gynaecologists should be trained to start preparing the surgery on the OR, in 
case of a 'Code Rood' and absence of OR-employees (during the night-/weekend shifts). After a 
training , assistance in the preparation of an (elective) C-section could increase experience and 
could be seen as low-cost training. Furthermore, inter-personal awareness between OR- and 
DR-employees is expected to increase, a vital ingredient of teamwork. [Dunin-K• plicz and 
Verbrugge, 2006] 

Change of designated ORs: 
The location of the ORs for surgical- and gynaecological emergencies should be changed to 
facilitate understaffed initiating of an operating room in case of an emergency. The ideal 
situation would be an arrangement of these two ORs located next to each other, with a large 
window in between them. This enables observation of both patients and/or teams from one 
position. 

Protocol for optimal distribution of tasks: 
When there is an empty OR and there are employees who are well-trained to work on the OR 
and know where the materials are which are necessary to prepare the patient (OR-employees 
or well-trained DR-employees), the patient should be transported immediately and all other 
preparations should be performed in the OR. 

Neonatal resuscitation-car and -table: 
First of all, it is important to verify whether all materials used have packaging and that packaging 
of different materials is not identical. Secondly, a warning sign is proposed clearly visible on the 
paediatric resuscitation-car with the message to store the packaging used, in combination with 
communication of the procedure towards (resident) paediatrics. Furthermore, responsibility for 
the replenishment of the resuscitation-car and the actual accomplishment of it is proposed to be 
relocated to the same department. 
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Identification: 

Countermeasures in the group 'identification' are related to the identification of patients and/or 
objects. Four general countermeasures are identified. 

Identification of patients and or objects by punching: 
The rack with designated 'compartments' for each delivery room is proposed to be extended 
with small cases with the number of the delivery room depicted on them, in which the punched 
cards can be stored. Furthermore, clear agreements should be made upon the responsibility of 
punching in case of an emergency on the DRs. Finally, the introduction of identification wrist
bands should be considered . 

Blood sampling for possible transfusion: 
Two blood-samples should always be taken from two different punctures. When a lack of time is 
experienced, 0 negative blood should be administered in stead of taking only one puncture. If 
this is perceived to be impossible, standardization of determining blood-groups during the 
patient's first encounter with MMC should be considered. 

Anaesthetic list: 
In order to save time during obstetric emergencies, the anaesthetic list could be filled in for a 
selected group of high-risk patients on the OHC/delivery rooms. 

Remaining: 

Countermeasures in the group 'remaining' are not related to the groups declared above. A total 
number of three general countermeasures were allocated to this group. 

Using the elevator: 
The delivery rooms have to be provided with a 'resuscitation-key' in stead of a 'lift-boy-key' 
which enables them to overrule the elevators in case of an emergency. Furthermore, the key 
should be moved towards a location near the door to the elevator and should have a different 
coloured label than the other keys on the department. 

Door of the delivery rooms: 
The delivery rooms in the new VMK-centre should be provided with an automatic system to 
open the door. 

Exploring the dilemmas of a 'crash ' C-section on the recovery: 
Due to a high degree of occupation of the operating rooms, the occupation of all operating 
rooms during an obstetric emergency is a realistic scenario. Therefore, the dilemmas of a 
'crash' C-section on the recovery should be explored and remedied . 

This large set of proposed countermeasures are expected to increase the opportunity for 
immediate intervention. However, there are some restrictions regarding the countermeasures, 
and further analysis is necessary. These restrictions are discussed in the following chapter, 
together with a subsequent analysis of a subset of the countermeasures, named study 2. 
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Chapter 7: Risk assessment of the redesigned process (study 2) 

The current preparation of the 'crash ' C-section was evaluated and countermeasures are 
proposed to increase the inherent safety of the process. The countermeasures however are 
based on single or only a few process steps. The effect on system level is therefore unknown. In 
order to prevent suboptimization, a second SAFER-analysis (SAFER-II) was performed. In 
section 7.1, the content of SAFER-II is discussed and in section 7.2 the focus is discussed. The 
composition of the taskgroup is discussed in section 7. 3 and the results in 7.4. 

7.1 SAFER-II 

An extensive comparison between the current working method and the proposed redesign could 
be created, when the risk scores of failure modes in the current organization would be 
compared with revised failure modes of the proposed way of working. However, the 
countermeasures were proposed in order to prevent or reduce negative outcomes of the failure 
modes and causes identified . Therefore, there can be concluded that, despite the lack of 
quantitative support, the subprocesses on which the countermeasures are based , will become 
safer by implementing the countermeasures. Investigating this again would therefore be 
inefficient. 

An unexplored area in the SAFER-analysis however is the possible attendance of negative side 
effects of the countermeasures proposed. The countermeasures deduced from the SAFER
analysis are based on single process steps. By focusing on failure modes in one (or .more) 
substeps, solutions will be based on parts of the process. There is no build-in feedback loop 
which evaluates the effect on system-level , thus the chance of suboptimization is very realistic. 
In order to evaluate potential (negative) side effects on a system-level , a second analysis will be 
conducted . 

7.2 Countermeasures investigated in SAFER-II 

The set of countermeasures identified by the different research methods in the first part of this 
study was already reduced from 44 to 30 countermeasures , and these were summarized in 16 
general countermeasures. Evaluating all countermeasures would be impossible since the 
combined set of effects of all countermeasures on all substeps and the mutual effect of the 
countermeasures themselves is creating an enormous amount of interactions. Extensively 
evaluating all of them is expected to be both impossible and (cost-)ineffective. Furthermore, 
implementation of the complete set of countermeasure at one go is not expected to occur, due 
to reasons of costs, new constructions of (part of the) hospital , priorities, etcetera . Therefore, a 
plausible and realistic subset of countermeasures to investigate by means of the SAFER-II 
should be defined . 

However, the fact that a subset of the countermeasures will be selected for further evaluation 
does not imply a lower level of importance of the other countermeasures identified in SAFER-I! 

Based on the hospital its competences and desires combined with the expected complexity and 
the resources available for the SAFER-II, one radical and extensive organizational modification 
was selected to be the subject of this analysis. This countermeasure consisted of two separate 
countermeasures in this analysis due to differences in focus. 
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These countermeasures are expected to create most new potential risks and chance on 
suboptimization . The combination of these two countermeasures is necessary since employees 
first have to learn new tasks before they can accomplish them. Furthermore, the combined 
implementation of them is also very realistic , since the hospital is focusing very much on 
simulation-based training. This is supported by the planned construction of the MedSim 
simulation centre. This approach is perceived to be a maximum trade-off between the creation 
of knowledge about the methodology and the effect of the countermeasures on one side, and 
minimally stressing the organization on the other side. 

1) The most complex countermeasure identified in SAFER-I is the suggestion to train 
employees of the delivery rooms (DR) in accomplishing tasks on the operating rooms 
(OR), to reduce delay in the process, created by the absence of OR-employees in the 
weekends/nights. By doing so, important loss of time is expected to be reduced . Next to 
the occasional facilitation in planned C-sections to learn , simulation-based team 
trainings are suggested . 

2) Since employees and tasks are heavily related to each other in this process, another 
countermeasure is closely related to the first one. This countermeasure refers to the 
redistribution of (locations of) tasks performed , and suggests that when there is an 
empty OR and when there are well-trained employees to facilitate (OR-employees or 
well-trained DR-employees), the patient should be transported to the OR immediately 
and all preparations should be performed there. 

Implementing countermeasure 1 without implementing countermeasure 2 and vice versa would 
be senseless. Therefore, the combination is analysed. The combination of these 
countermeasures can be explained by using the top level process description (figure 5.1 ). In 
order to speed up the process, substep 6 and 7 are proposed to be initiated by employees of 
the DR in stead of waiting for the employees of the OR. 

The explanation of these countermeasures (appendix G) and the process description of the 
current working methods (appendix E-1 - E-Vlll) were provided to the participants in SAFER-II. 

7.3 Methodological restrictions in study 2 

SAFER-I was performed in a multidisciplinary SAFER-task group consisting of maximally 11 
participants (attendance was dependant of the substeps discussed). Due to a restricted 
execution of a part of the process under study, such a large multidiscipl inary group would be 
inefficient. Furthermore, arranging the same amount of participants, irrespective of the question 
whether it has to be the same group and although the main principle of a SAFER-analysis is the 
multidisciplinary prospective approach, turned out to be problematic in this hospital. 

The overlap in the schedules of the physicians for possibilities to join the analysis turned out to 
be very low, wh ich was supported by the major delay in the study experienced during the 
planning of SAFER-I. Despite the undesired methodological restrictions , there is no other option 
than evaluating the expected influences of the countermeasures with representatives of the 
departments separately. However, due to the decision to focus on above described two 
countermeasures, the involvement of employees of the departments of paediatrics & 
neonatology and security is unnecessary anymore since th is part of the process is unrelated to 
these departments. 
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Reflecting on these considerations , one gynaecologist and one anaesthesiologist will participate 
in the SAFER-II . Since the countermeasures under study in SAFER-II are mainly identified in 
consultation with the participants in SAFER-I, bias is minimized by excluding the participants 
involved in SAFER-I. 

Despite the low number of participants in the SAFER-II, it was still not possible to collectively 
plan a session in which everybody was able to attend . The anaesthesiologist willing to 
participate the analysis could only participate on one day in the upcoming month. The 
gynaecologist who was willing to participate however was not able to join the analysis on that 
moment. In order to prevent further delay in this research, there was decided to do the analysis 
twice, once with each physician, and then to combine the results. 

7.4 Results of study 2 

Both participants attended the 1 % -hour during session in which the two countermeasures under 
study were proposed and in an in-depth interview, potential failure modes with accompanying 
causes were identified . 

A total number of 2 expected benefits and 8 expected failure modes with 12 underlying causes 
were identified. Again, content analysis [Holsti , 1969] was applied to group the failure modes. 
A total number of 2 groups of expected benefits and 3 groups of expected risks were created . 

Each expected side effect is grouped and described below, together with the causal factors of 
the expected risks. 

Expected benefits 

Decision-to-Incision (021) time: 
The preparation which the DR-employees are able to perform while waiting on the OR
team to arrive, is the maximum amount of time by which the D21-time of the 'crash' C
section during the night- and weekend shifts can be reduced . 

Reciprocal awareness: 
The partial cooperation is expected to decrease physical barriers, increase teamwork 
and reciprocal awareness, something which is missing in the current organization. 

Expected risks 
Three different groups were identified ; task specific-, cooperation- and organizational related 
failure modes. 

Task specific related failure modes and its cause(s) : 
Problems in executing tasks 

o due to unknown locations of materials 
o due to differences in materials and/or equipment 

Risk of leaving the patient alone during the preparation 
o due to the low potentials for structured division of tasks 
o due to the obligation to change clothes before entering the sterile OR 
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Cooperation related failure modes and its cause(s): 
Communicational problems 

o due to differences in terminology 
Cooperational problems 

o due to differences in protocols 
o due to differences in techniques 

Problems in delegation 

B. van Ge ff en 

o due to a lack of insight by the anaesthesiologist into the capabilities of DR
employees 

Risk of forgetting process-steps 
o due to the low potential for structured division of tasks 
o due to an unstructured and variable transfer-moment 

Organizational related failure modes and its cause(s) : 
Problems with creating a 'team spirit' 

o due to organizational factors (architectural factor, closed OR due to sterility, 
financial independence (RVE)) 

Problems with the redesign-process itself 
o due to unclear legal liabilities of the tasks performed 

Despite the differences in background of the participants, (one gynaecologist and one 
anesthesiologist), their different workplace (DR and OR) and the expected partial differences in 
their priorities, high correspondence between the data was found . All failure modes described 
above were identified by the anesthesiologist, and 3 out of 8 failure modes were also identified 
by the gynaecologist. The overlap in collected data is visualized in table 7.1. 

Identified by: 
Failure modes: Anesthesiologist Gynaecologist 
Task specific related 
Problems in executing tasks x x 
Risk of leaving alone the patient x x 
Cooperation related 
Communicational problems x 
Cooperational problems x 
Problems in delegation x x 
Risk of forqettinq process-steps x 
Organization related 
Problems with creating 'team spirit' x 
Problems with the process of redesign itself x 

Table 7.1: Overview of failure modes identified by the participants in SAFER-II 

Inconsistency existed within recommended countermeasures for one failure mode, 'problems in 
delegation'. Where the anesthesiologist recommends a checklist to prevent problems in 
delegation, the gynaecologist suggests structured oral transfers. Except for this contradiction, 
the overall message was twice the same; the possibility for structure and regulation of the 
division of tasks will be low, and this low level of structure will create hazardous situations. 
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Another important addition to this data is the opinion of one of the participants about the 
countermeasures in this part of the study. Although some saving of time could possibly be 
attained , only significant saving of time could be attained by the in-house availability of an OR
team 24 hours a day. Another countermeasure is thus proposed , which is perceived to be safer 
than the current proposal of countermeasures is. 

This countermeasure was not mentioned before in one of the data collection methods. It was 
mentioned in informal meetings and conversations, but it was also discouraged by one of the 
experts consulted in the beginning of this study. Due to the absence in the proposed 
countermeasures, this idea was not discussed earlier in this study. 

However, what can be analysed now is the expected presence of risks identified above, within 
the alternative countermeasure; the in-house availability of an OR-team. The proposal based on 
the displacement of tasks and employees from the DR to the OR was expected to create 8 new 
failure modes caused by 12 different factors. (table 7.1) Only one of these 12 causal factors 
could possibly play a role when implementing an OR team 24 hours a day. The organizational 
factors (architectural structure, closed OR due to sterility and financial independence) will not 
change. However, these will not negatively influence the process since no increase in 
interdepartmental cooperation is necessary. 

Next to the assessment of presence of risks, further investigation was conducted about why this 
countermeasure was not proposed in SAFER-I. The idea of in-house availability of an OR-team 
24 hours a day turned out to be already a couple of years old . However, whether or not correct, 
a lot of people presumed this countermeasure to be unachievable in terms of costs . Therefore, 
the countermeasures invented during SAFER-I and evaluated in SAFER-II seemed to be an 
alternative for the in-house availability of an OR-team. The implications, both methodological 
and organizational , will be discussed in next chapter. 
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Chapter 8: Discussion 

In this chapter, the combined results of study 1 and 2 related to the 'crash ' C-section will be 
discussed (8.1). Furthermore, the structure of this research, using complementary (convergent) 
research methods to assess a current business process, is basically applicable to any 
(healthcare) process. Therefore, the main research methods applied (SAFER-analysis, 
simulation and process expert interviews) will be discussed briefly in section 8.2, 8.3 and 8.4 in 
order to attain generalizability. Section 8. 5 will discuss the limitations of this study. 

8.1 The 'crash' C-section 
In this study, an extensive risk analysis of the preparation of a 'crash' C-section was performed 
and countermeasures to reduce risks were proposed and evaluated . The initial investigation of 
the process created insight in the frequency of the process, a detailed process description, an 
inventorisation of the inherent risks of the process, an overview with potential countermeasures 
to reduce the inherent risks and a second detailed inventorisation of the potential risks 
accompanying the introduction of two specific countermeasures. 

Based on the SAFER-I, the simulation and the process expert interviews, a large collection of 
inherent risks (potential failure modes) was identified. In consultation with the SAFER task 
group, the realistic failure modes were translated into a set of countermeasures which were 
presented in chapter 6. 

Based .on the failure modes and their potential causes, there .can be concluded that intervention 
is highly recommended in order to decrease the inherent risks the current organization of the 
'crash' C-section is facing . However, the countermeasures identified in SAFER-I are mainly 
based on individual failure modes, and the effect on system-level is not examined in the 
methods applied. In order to do so, the two most interconnected and rigorous countermeasures 
are discussed in depth in the SAFER-II analysis, to explore the potential negative side effects. 

8.1.1 Removing major delay within the process: 

The analysis of the process adapted with the two general countermeasures, the displacement of 
DR-tasks and employees to the OR, results in 8 new potential failure modes. Besides the 
extensive amount of resources which will be necessary to implement the changes, the idea to 
decrease the decision-to-incision (021) time turns out to bring along a lot of new (expected) 
risks. In order to provide safety for patients for whom a 'crash ' C-section is necessary, 
intervention to reduce the 021-times during the night- and weekend shifts is unavoidable. 
However, one should wonder whether the safety increases by implementing the approach 
discussed in SAFER-II , due to the expected creation of new risks (table 7.1 ). 

The approach based on the countermeasures analysed in SAFER-II turned out to be an 
alternative for a countermeasure proposed a couple of years ago; the in-house availability of an 
OR-team 24 hours a day. Since the latter one was not mentioned in one of the data-collection 
methods applied, this countermeasure was not analysed in the way the displacement of DR
tasks and employees to the OR was. However, there was every indication that the inherent risks 
concerning this measure will be much less and therefore much more contributing to the patient 
safety of this process. 
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11 out of 12 causal factors for the failure modes will not play any role in case of a continuous 
availability of an OR-team, and the only causal factor remaining (the organizational factor) is not 
problematic any more since no increase in cooperation is necessary. Displacement of tasks and 
employees from the DR to the OR is also expected to remove only a small part of delay within 
the process. Furthermore, the displacement will also bring along a lot of (hidden!) costs in terms 
of redesiging the process, training, possible increase of occupation on the DR, prevention of 
new risks, etcetera. 

On the other hand, the in-house availability of an OR-team creates a situation in which 
employees can keep doing the work they are specialized in and the most serious delaying factor 
in the process is completely removed . Furthermore, an available team will also increase patient 
safety in other non-gynaecological processes in the hospital in which immediate chirurgical 
intervention is necessary, something which is not achieved by training the DR-employees. The 
'laterality of healthcare', as discussed in section 1.5.3, will increase the necessity for continuous 
availability even further, since the supply of emergencies from the hospital's location in 
Eindhoven will increase. Last but not least; although the staffing costs will increase, remaining 
(hidden) costs will be minimal. 

8.1.2 Countermeasures not discussed in SAFER-II 

The discussion above was based on the two most interconnected and rigorous 
countermeasures. Reason to do so was due to inefficiency and a lack of time to investigate all 
countermeasures identified in SAFER-I. However, this does not imply that the other 
countermeasures are less important. The specific subset of countermeasures was analysed ih 
SAFER-II due to the high level of changes in the proposed tasks. Due to the lower level of 
expected changes in the countermeasures not discussed in SAFER-II, they are also expected to 
deliver less negative side effects. They also need to be evaluated, but implementation should be 
seriously considered. 

Next to the importance of redesigning the process, the 'way of thinking', the approach 
supporting this study, will be as just as important. In order to think about significant 
improvements in patient safety, the potential effects on patient safety should become part of the 
decision-making process in healthcare. This is the only way to attain proactive risk prevention 
which can significantly decrease avoidable harm. 

Besides the implications for healthcare processes within the hospital, there are some interesting 
points related to the methodology itself, which are worth mentioning them. In order to contribute 
to scientific literature, these points will be generalized in the following sections. 

8.2 SAFER-analysis 

The SAFER-analysis delivered a lot of insight into the hazardous factors in the process, and a 
large collection of countermeasures was created. Next to the benefits of applying this method 
for this research its purpose, a lot of positive reactions came from the participants. The 
participants did possess a lot of detailed information about their own contributions in the 
process, but a couple of complete misunderstandings about the contributions of other 
departments existed . 
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These misunderstandings were discussed, and the SAFER-analysis brought the departments 
closer to each other. Next to the insight in the hazardousness of the process, this could be 
perceived as one of the main benefits for the organization. 

The overall process of the 'crash' Caesarean section could be perceived as a 'sequential 
interdependent' task; the success of the organization depends upon the contribution of several 
groups of persons, but, the parts are also linked in a dependant relationship. [Thompson, 1967] 
The reciprocal understanding of the capabilities of other departments and the limitations of 
those capabilities are very important, but in fact it is very low in the current situation . Therefore, 
the multidisciplinary approach underlying the SAFER-analysis is very useful for further 
understanding these capabilities in an organization. 

Next to the discussion above, about the two main benefits of this method, there are more 
interesting issues related to th is method worth mentioning them. They will be discussed point by 
point now. 

• The low correspondence of data between the prescribed type of countermeasures and 
the actual identified ones is an important finding in this study. However, it is not the first 
time that this inconsistency is found . Similar results in a comparable study are described 
in detail. [Rutteman, 2006] Implications for futher research in order to investigate the 
underlying causes are discussed in section 9.3.2 and 9.3.4. 

• The SAFER-method is a method to perform prospective risk-analyses of healthcare 
processes. The question should however be asked to what extend the analysis was 
really prospective. Although the absence of quantitative support, a large part of the data 
provided by the participants turned out to be originating from incidents in the past. 
Potentially, the absence of an integrated retrospective data collection method within the 
hospital could have played a role in this factor. Furthermore, the new way of thinking in 
health services about 'what could go wrong' could have played a role, since physicians 
and other employees have never been forced to think in this way in history. 

• Estimating frequencies of potential (causes of) incidents turned out to be problematic. 
Actually this was not very surprising because a (very) low-frequency process was 
analysed. Estimating the interval of deviant behaviour sometimes turned out to be 
without any foundation when the desired behaviour was already uncommon itself. The 
surplus value of estimating frequencies in a risk analysis of a low-frequency process 
could therefore be reconsidered. Maybe it is an option to directly determine whether or 
not to proceed in order to reduce the time necessary for the meetings and to skip the 
(inaccurate) assessment of frequencies. 

• The absence of the multidisciplinary approach in SAFER-II created the possibility to 
gather information about the differences in results from the two participants. Despite the 
differences in background and vision between the two participants, a high level of 
correspondence was found in the results of the part of the analysis in which the 
hazardous factors and its causes were identified. On the other hand, the part of the 
analysis in which countermeasures were identified, did provide differences. If th is finding 
was not caused by coincidental factors, this could be very interesting for future research 
about the effectiveness of the SAFER-analysis (section 9.3.2). 
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8.3 Simulation of a 'crash' C-section 

Observing a real obstetric emergency was perceived to be rather difficult and undesirable, due 
to several reasons (section 4.2.3). The primary purpose of organizing a simulation was therefore 
to create an opportunity for the researcher to attend a 'crash' C-section . 

However, during the preparation of the simulation, the idea came into being to use simulation as 
'an artificial source of incident descriptions'. In stead of waiting for incidents to occur 
(retrospective) or figuring out what incidents could happen (prospective), simulation could 
provide incident descriptions without any danger for patients (because a manikin is used in a 
simulation). Applying simulation in this way is new. First results show a deviation in failure 
modes explored between the SAFER-analysis and the simulation. Four latent conditions were 
found in the preparation of the 'crash' C-section. (section 5.3). 

Despite the precedence of the simulation and the excluding of participants of it in the SAFER
meetings, only two of the latent factors were reconsidered in the SAFER-analysis, and the 
others were not. In order to analyse the incidents originating from the simulation, two root-cause 
analyses were constructed . For instance; this led to the revealing of undiscovered and 
undesired characteristics of the elevator used to transport a patient from the delivery rooms to 
the operating theatre. (appendix H) These failure modes were not mentioned in the SAFER
analysis however. This means, that the SAFER-analysis in this study did not undisclose all 
(potential) failure modes, and that the simulation undisclosed other failure modes than the 
SAFER-analysis did. 

Furthermore, the experiences with simulation in this study revealed another potential for this 
methodology. The enthusiasm of the (unprepared) participants experienced during the 
simulation and communicated during the evaluation could imply large opportunities for 
simulation in patient safety research. Patient safety research could namely be perceived as 
threatening since employees could feel judged and/or punished, and simulation (in combination 
with an extensive explanation of the intentions!) could probably lower this. 

Finally, a simulation of a process under study is perceived to be a useful starting point for 
(multidisciplinary) discussion. Guided by a recognizable and recent case, but without any 
(potential) harm to patients, the perceived vulnerability of patient safety research could probably 
be reduced. 

8.4 Process expert interviews 

The process expert interviews did produce a lot of useful information. The information provided 
could be split into two different types of information. First of all, objective information was 
gathered in order to create insight in the process. Furthermore, (subjective) information not 
related to individual incidents was collected about perceived hazards and potential 
countermeasures. Reflecting on the usefulness of the information collected and considering the 
expected inability to collect it by more objective research methods, the expert opinion is 
perceived to be a useful patient safety research tool. 
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8.5 Limitations of this study 

The demarcation of a study of a demarcated process automatically creates limitations. In this 
section, the limitations of this study will be discussed. The limitations can be separated into 
three different points, which will be discussed shortly here. 

1) Restricted generalizability 

The structure of this research is unique, and publications based on the data collection methods 
applied in this study are rare. This study could be seen as a case study in which patient safety 
methods are combined and applied to a single process. The level of innovation of this project is 
very high since comparable studies are rare, but due to its small scale the generalizability is 
rather low. Much of the outcomes of this study do require further research before the basic 
underlying prinicples can be understood well. 

2) Length of this study 

Due to various reasons earlier discussed in this report, data collection took a lot of time and 
organizational resources . Initial plans enclosed more extensive data collection (including a 
retrospective part), but had to be abandoned for different reasons (also discussed in section 
9.3). 

3) Marginal representation of system approach 

Due to the necessity to abandon the initial research plan, a significant part of retrospective data 
was not possible to be captured anymore. This excluded the possibility to apply the ECM and 
prescriptive CIA-matrix for effective countermeasures (section 9.3.2 & 9.3.4). Furthermore, 
comparison of the data with a future incident reporting system will be difficult (section 9.2.2) . 
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Chapter 9: Conclusions and recommendations 

In section 9. 1, the conclusions of this study concerning the patient safety of the preparation of a 
'crash' C-section are discussed, based on the problem definition and research questions as 
identified in chapter 3. In section 9.2, recommendations for patient safety research within MMC 
are presented. Finally, suggestions for future research are presented in section 9.3. 

9.1 Conclusions and recommendations 
In section 3.2, the following problem definition was defined : 

The process under study is the preparation of a 'crash ' Caesarean section. This process is 
perceived to be a 'high-risk/low-frequency' process. The lack of insight regarding the inherent 
hazardous factors of the process prevents a risk-assessment of the current situation. 

With this problem definition in mind, four research questions were composed in order to guide a 
thorough study. 

1. What includes the preparation of a 'crash' Caesarean section? 
2. What are the hazardous factors and its causes in this process? 
3. What are the possibilities for risk-reducing interventions in this process? 
4. Is it possible to compare the adapted process (including the risk-reducing 
interventions) with the current process, on beforehand , based on the inherent risks? 

In this section , the answers on the research questions are discussed. 

Research Question 1. What includes the preparation of a 'crash' Caesarean section? 

Several methods were applied in order to answer this question . The analysis of the hospital its 
documents and protocols provided the necessary background information, and the attendance 
of elective C-sections and the simulation of a 'crash' C-section helped creating a clear picture. 
Main output in order to answer the first research question was the process description 
(appendices E-1 - EVlll), and was perceived to be of great importance for the hospital. It creates 
valuable insight in the process under study, and could serve as an initial concept for a blueprint 
of a future redesign of the 'crash' C-section . 

Research Question 2. What are the hazardous factors and its causes in this process? 

The process, which was schematically visualized by the process description as described 
above, has subsequently been assessed on the attendance of hazardous factors . Deduced from 
the definition of hazard as described in section 2.4 .1, a hazardous factor is any factor that can 
cause harm. [Department of Health, 2000] The combined set of hazardous factors and the 
factors that cause them were described by the combined set of failure modes and their root 
causes identified . Most of them originated from the SAFER-analysis, and the remaining part 
was observed during the simulation and discussed in the process expert interviews. This 
collection was the starting point from which the countermeasures could be identified. 
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Supported by the data collected in this study, there can be concluded that the current 
organization of the 'crash' C-section is indeed perceived to be a high risk process. Besides a 
couple of failure modes which could actually contribute to direct damage to patients, the 
greatest part of them could indirectly contribute to a decrease of patient safety by creating a 
delay in the process which increases the 021-time, and thereby increasing the chance of patient 
damage and reduction of the chance of survival. 

Research Question 3. What are the possibilities for risk-reducing interventions in this process? 

One of the deliverables of this study is a record of possibilities for risk-reducing interventions in 
the preparation of a 'crash' C-section. These countermeasures are expected to increase patient 
safety in the process by decreasing the attendance of hazardous factors. In order to create 
structure and to remove inconsistency within the collection of countermeasures , they were 
grouped based on the type of intervention and the part of the process they focus on. Four 
groups were identified , consisting of 16 general countermeasures. 

Research Question 4. Is it possible to compare the adapted process (including the risk
reducing interventions) with the current process, on beforehand, based on the inherent risks? 

In order to evaluate the possible negative side effects of a subset of the countermeasures; a 
small SAFER analysis was conducted (chapter 7). Due to the small focus of the study and the 
restricted number of participants, it was possible to provide a lot of insight on the side effects, 
within a relative short period of time. Therefore, this approach turned out to be very successful , 
certainly in a hospital in which it is very difficult to arrange multidisciplinary meetings. 
Summarizing, it can be concluded that in this way, it was possible to compare the adapted 
process with the current process on beforehand , based on the inherent risks. 

9.2 Recommendations for patient safety within Maxima Medisch Centrum 
This section is divided into recommendations on process- and system-level. 

9.2.1 Recommendations for MMC on process-level 

In this section, the recommendations for MMC will be summarized. An arrangement is applied to 
structure the recommendations for the process under study and the recommendations on a 
general system-level. 

The preparation of the 'crash ' C-section could indeed be perceived as a process with a lot of 
inherent hazardous factors . These hazardous factors were determined in this study, and 
removal of them was strongly recommended. In order to do so, countermeasures identified in 
this research have been evaluated and each of it was identified as 'inherent risk reducing ' but, 
on the level of single process-steps. The effects on system-level have to be evaluated before 
implementation. Since an increase in patient safety was difficult to translate in (financial) 
benefits and the scope of this study would become too wide, costs of the countermeasures were 
not considered. However, costs will be an important factor when deciding whether to implement 
the countermeasures or not. Fortunately, most of the countermeasures identified in chapter 6 
were expected to be implementable at low costs . 
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Special attention was paid to the set of two countermeasures which proposed the dislocation of 
tasks and employees from the DR to the OR. This set of countermeasures was identified to 
reduce serious delay within the process. However, the implementation was expected to create a 
lot of new risks, described in chapter 7 and discussed in chapter 8. Furthermore, the set of 
countermeasures turned out to be an alternative for the proposal for continuous occupation of 
the OR. The latter countermeasure was not mentioned in the data-collection methods however, 
probably due to the expected level of costs and therefore the organizational reluctance against 
it. (Hidden) costs of the proposal to dislocate the tasks and employees (and to train them!) are 
however unknown too (section 8.1.1 ). 

In order to further investigate the alternatives, the hazardous factors within the countermeasure 
to dislocate tasks and employees were evaluated for the scenario of continuous occupation of 
the OR. None of the hazardous factors based on the countermeasures analysed turned out to 
play a role within the scenario of continuous occupation. This is also very rational, since the 
organizational changes in latter alternative will be minimal. 

Next to the expected significant differences in inherent safety, a thorough cost-benefit analysis 
should be conducted. The increase of staffing costs should be weighed against a lot of (in)direct 
cost and benefits. 

Examples of costs regarding training and dislocating tasks and employees are: 

- costs for training (and keep training!) the employees 
- costs for redesigning the process 
- costs for removing the communicational differences between the OR and DR 
- costs for removing the physical differences and barriers between the OR and DR 
- costs for removing the differences between equipment used on the OR and DR 
- future costs for preventing newly created risks 
- etcetera 

On the other hand, examples of benefits regarding the continuous occupation are: 

- benefits regarding less damage to patient in both obstetric and non-obstetric processes 
- (marketing)-benefits regarding the increased consumer's perception of safety 
- increase of trust among employees 
- etcetera 

Reflecting on the arguments discussed in this study, the perceived unfeasible alternative 
of continuous occupation of the OR is strongly recommended to be reconcidered. 

9.2.2 Recommendations for MMC on system-level 

Patient safety research is a relatively new field of research within Maxima Medisch Centrum. 
Besides the proposed countermeasures in relation to the 'crash ' C-section, the attention will 
now be shifted to a more general level of patient safety research within MMC. 
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Maxima Medisch Centrum made a good start by accepting the analysis of one of the high-risk 
processes within its hospital. They are suggested to persist in, and further increase this positive 
attitude related to the attempts to increase patient safety. 
In order to do so, an increase of efforts to create insight in their processes is proposed, because 
only a small amount of processes have been inventorised so far. This will create an opportunity 
to improve comparable problems in other processes, as experienced in the 'crash' C-section. 
However, conducting patient safety research takes time. Multiple examples have been 
described in this report, in which it turned out to be very difficult to arrange meetings in which 
physicians participated, due to their busy schedule. Physicians should be facilitated in creating 
time for patient safety increasing projects. Furthermore, the obligatory 'Safety Management 
System' (Dutch: 'Veiligheids Management Systeem', VMS) should be implemented to analyse 
and increase patient safety. 

A couple of patient safety initiatives already took/take place within MMC; participation in the 
'neosafe'-project (a prospective multicentre study to prevent incidents at the NICU in the future), 
initiatives for active prevention of medication errors and active prevention of malnutrition, 
etcetera. However, a lot of work has to be done. In order to further increase patient safety 
initiatives within Maxima Medisch Centrum, recommendations are provided in this section . 

1) Creating a "just culture" 

Dr. Leape, Professor at the Harvard School of Public Health stated in a testimony before the US 
congress; "The single greatest impediment to error prevention in the medical industry is that we 
punish people for making mistakes." The idea of the 'just culture' is to overcome the 'just world' 
hypothesis derived from psychology research (section 2.3) and to become a proactive learning 
culture. This proactive learning culture can best be described as "an atmosphere of trust in 
which people are encouraged, even rewarded, for providing essential safety-related information
but in which they are also clear about where the line must be drawn between acceptable and 
unacceptable behaviour." [Hellings, 2006] It is based on identifying three different types of 
behaviours; human error, at-risk behaviour and reckless behaviour, and on preventing them 
systematically by three different approaches. James Reason, retired professor of Psychology at 
the University of Manchester, explains it in the following manner; general indications based on 
information of aviation airlines state that only 10 percent of actions contributing to bad events 
are judged as blameworth. This means that 90 percent can be reported without fear of sanction. 
Once this crucial trust has been established, the organization begins to have a reporting culture, 
something that provides the system with an accessible memory, which, in turn is the essential 
underpinning to a learning culture . 

2) Process descriptions 

In section 9.1, the suggestion was made to increase efforts in creating insight in the processes, 
because only a small amount of processes have been inventorised so far. Although mapping 
the preparation of the 'crash' C-section was a very time-consuming job, the possession of a 
clear process description was necessary to initiate the research. In order to keep this process 
description up to date, any changes in the process should be documented in the process 
description . Gaining insight into other (potentially hazardous) processes throughout the hospital 
can be facilitated by mapping (and subsequently analysing) these processes too. The level of 
detail of process description should be dependant of the desired level of insight in the process, 
and the resources available. The process descriptions could be stored in the new Process 
Manager application in the hospital's new database. 
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3) Incident reporting 

To gather and process the retrospective information as discussed above, a (better) incident 
reporting system is necessary. The hospital did create an opportunity to report patient safety 
incidents to a commission (MIP), but this system is principally focusing on serious incidents. 
Furthermore, the response system (which is more important than the report system!! [WAPS, 
2005]) is marginally developed since the members have to fulfil this task next to their normal 
functions. Therefore, an urgent suggestion is to improve the report system and the abilities of 
the response system. 

4) Prospective risk analysis 

The SAFER-analysis is the major data retrieving technique applied in this study. Performing this 
type of analysis is relatively new in Dutch health services. Furthermore, it was the first execution 
of a prospective risk analysis in this way in Maxima Medisch Centrum. The performing of the 
SAFER-analysis proved to be a useful method to structurally map and analyse a process in 
healthcare. A reasonable amount of hazardous factors were identified and brought under 
discussion, countermeasures were identified to reduce the inherent risks in the process, and 
possible side effects were determined in order to prevent new hazardous factors. The analysis 
(in a concised manner like SAFER-II) described in this report is suggested to be applied to 
evaluate hazardous factors in other processes throughout the hospital, thereby increasing the 
safety of healthcare delivery. Comments discussed in this report could thereby contribute to 
increase the efficiency of patient safety research. 

5) Simulation 

The simulation which contributed to the increased insight of the researcher enabled the 
attendance and observation of a rare low-frequency process. Furthermore, new failure modes 
based on latent conditions were found . Simulation in healthcare by means of manikins therefore 
creates the opportunity to create insight in other (low-frequency) healthcare processes and to 
collect incident descriptions. Future patient safety initiatives could hereby benefit from the 
experiences in this study. Furthermore, the conditions to arrange simulations within MMC are 
very good since they already possess the hardware and the knowledge to do so. Furthermore, 
this will broaden the field of activities of the new MedSim simulation centre. 

9.3 Contributions to scientific literature and recommendations for future research 

This research project fits within a larger picture of increasing interest in (prospective) risk 
analyses in health services. Next to the prospective methodology applied and discussed in this 
study, a complete new initiative for patient safety research; simulation as a tool for the exposure 
of latent conditions, is discussed. In order to improve the level and quality of patient safety 
research methods, future research is necessary. In order to guide future research, suggestions 
are discussed in this section . 

9.3.1 Integration of retrospective and prospective methods 
There is no single research method that can be universally applied to patient safety research . 
[Battles and Lilford, 2003) The operationalization of a safety culture and - attitudes in industry 
has led to a number of widely used models, tools, and techniques. [Van der Schaaf, 2002) 
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Focusing at retrospective and prospective methods, the retrospective methods are most 
commonly used in investigating medical errors. [Giard, 2005] 

Despite the strength and high effectiveness of retrospective research by learning from the past, 
a major drawback is the inherent inability to prevent new types of errors (since they never 
occurred). Therefore, prospective research is important to intercept future preventable failures 
which did not occur before or which were not able to be prevented with countermeasures based 
on retrospective research. The integration of retrospective techniques (for instance; incident 
analysis) with prospective ones was also recommended in the IOM report Patient Safety: 
Advancing a New Standard of Care [Aspden et al., 2004] 

The initial research plan preceding this study was based on a multimethodological approach 
containing both retrospective and prospective data collection methods. However, due to 
personal conditions of the researcher, the necessity to adjust the initial plan was there. This 
initial research plan will be discussed briefly here since the structure of this research plan could 
be applied to any process, and could therefore be of great value for future patient safety 
initiatives. 

Example of a multiperspective research plan 
The multiperspective research plan enclosed, next to the major data collection methods 
(simulation and SAFER) described in this report, a retrospective part. This retrospective part 
contained the conduction of critical incident interviews (Cll). Based on stratified disproportionate 
sampling, a subpopulation could be created and interviews could be held to gather incident 
descriptions (appendix I). This technique is named the critical incident technique, and was first 
described by Flanagan in the early 1950s. [Flanagan, 1954] This research method is described 
and successfully applied in patient safety research by Van der Hoeft. [Van der Hoeft, 1995] By 
conducting Cll, descriptions of (near-miss) incidents in the recent past can be retrieved, causal 
trees can be developed and root causes can be classified by means of the Eindhoven 
Classification Model. [Battles et al. , 1998; Kaplan et al., 1998] Applying the ECM also enables 
applying the CIA-matrix, which increases the focus on the system-approach, a perceived 
limitation of the study described in this report (section 8.5). 

By means of such a study design , inherent risks in the process can be discovered, based on a 
multimethodological approach . Simultaneously, similarities and deviations in types of root 
causes covered by different methods can be investigated. Furthermore, the output of the Cll will 
be a database of incident descriptions, which could be compared to databases created by 
incident reporting systems and/or with prospective research methods. Comparison of the types 
of failure modes identified with different types of methodologies can be performed, which could 
create a lot of insight in the applicability of methodologies and how to combine them. 

9.3.2 Recommendations concerning SAFER in patient safety research 

• The underlying concept of prospective research discussed in this report, the analysis of 
expected risks and the effects of it on patient safety, can be applied to evaluate several 
alternatives when (re)designing a process. By doing so, decrease in preventable harm 
can become a variable on which decisions could be based, on all levels throughout the 
organization. In this way, proactive risk management can be strived after, thereby 
partially closing the gap in risk management in which other industries significantly lead. 
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• The necessity to reconsider countermeasures identified in a SAFER-analysis on a 
system level (chapter 7) to prevent suboptimization could be seen as a deficiency. This 
deficiency should be communicated to those applying the methods, in order to prevent 
suboptimization and thereby wasting (community) resources. Furthermore, the analysis 
should be adapted in order to prevent for suboptimization, for instance by implementing 
early feedback loops in the analysis. 

• The SAFER-analysis should also be extended with the often mentioned system 
approach. Incorporating a tool which enables the application of the underlying theory 
could probably prevent ineffective countermeasures, which are often encountered in 
practice. [Battles et al., 1998; Kaplan et al., 1998) The integration of root-cause analysis 
could enable root cause classification (ECM) and prescribe effective countermeasures 
{CIA-matrix) . Next to these countermeasures to increase the expected effectiveness of 
the method, the underlying causes of low correspondence of prescribed and actual types 
of countermeasures could be analysed (section 9.3.4). 

• SAFER-meetings could better be arranged by someone high in position within the 
organization, and not by an external researcher, as it was in this study. This could 
significantly reduce the time needed to organise a risk-analysis, enabling the opportunity 
for earlier intervention . Certainly in a hospital like MMC, where most physicians work in 
their own specialism-wide corporation (Dutch: 'maatschap') and make their own 
schedules, it was extremely difficult to arrange multidisciplinary meetings. 

• As mentioned in section 8.2, the prospective data collection was partially replenished by 
incident descriptions experienced in the past. Further research could investigate the 
extent of, and principles behind the influence of experiences on prospective research . 

Based on the methodological problems identified above and those identified in section 8.2, 
some interesting research questions are provided to guide future research : 

What can be done to decrease the chance of suboptimization within SAFER? 

What are the underlying factors creating the low correspondence of prescribed and 
actual countermeasures, as described in section 6.2? 

How could the system-approach be implemented within SAFER? 

What is the influence of experience on prospective data collection? 

What is the effect of the level of multidisciplinarity on the quality of data with in SAFER? 

What is the effect of time pressure on the quality of the data within SAFER? 

What can be done to increase the applicability of the SAFER-method in hospitals? 

What can be done to decrease the difficulties of organizing SAFER-analyses? 
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9.3.3 Recommendations concerning simulation in patient safety research 

In section 9.1, simulation was described as a very applicable method to create insight in 
healthcare processes, with great potentials. Latent conditions, difficult to reveal in an 
organization's structure, can be identified by the analysis of simulations and investigated by 
Root Cause Analysis. Future patient safety initiatives could benefit from the experiences in this 
study. However, research should be initiated to investigate the benefits of this methodology, 
since there is no literature about this type of application of this methodology. The collaboration 
of Maxima Medisch Centrum with the Eindhoven University of Technology could facilitate further 
research on this topic, thereby creating an advantage in the field of simulation for patient safety 
purposes compared to other (healthcare related) institutes. 

Interesting research questions are identified now to guide future simulation-based research: 

What types of hazardous factors are mainly identified with simulation , and what is the 
extent of overlap with other methodologies? 

Is simulation a methodology which brings patient safety research closer to the 
employees (section 8.3)? 

What is the (cost-)effectiveness of simulation in patient safety research, in comparison to 
other methodologies? 

How can the applicability of simulation in patient safety research be increased? 

9.3.4 Recommendations concerning the application of the Classification/Action-matrix 

As discussed in section 6.2, the low correspondence between theoretically prescribed 
countermeasures and the countermeasures produced by SAFER-I could be caused by the 
countermeasures classified as 'escalation'. Further research should be performed upon the 
applicability of the CIA-matrix for validation of a SAFER-analysis . 

An interesting research question could be based on the assumption that the actual classification 
of a countermeasure as 'escalation' could be caused by the organisational structure of the 
department in which the analysis was performed . 
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Appendices: 

Appendix A: Medical version of the Eindhoven Classification Model 
Swt 

OJimiutiwal v •• 
F1ctor? 

Hum.J.U Ye~ 

B.Jla\"ior7 

No 

No 

No 

r-----..y 
K·B' 

No 

B. van Ge ff en 

No 

- ----. No 
Cuhure . 

Medical version of the Eindhoven Classification Matrix [Battles et al., 1998; Kaplan et al. , 1998] 
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Appendix B: Classification/Action Matrix 

Clusfflcatlon Technology Procedures Information and Training Motivation Eacal•tlon Reflection 
code I Communication 

Equipment 
T-EX x 

TD x 

TC x 
TM x 

0 -EX x 

OK x 

OP x 
OM x 
oc x 

H-EX x 

HKK x NO 
HRQ x 

HRC >( 

HRV x 
HRI x 
HRM x 

HSS x NO 
HST )( NO 
PRF 
x 
Ir particular pabent related factors (such as language problems) that cannot be prevented by the patients themselves recur, then these problems should be 

solved at an organisational level 0.e. escalation). 

Classification/Action Matrix [Battles et al., 1998; Kaplan et al., 1998] 
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Appendix C: Evaluation form for the simulation of the 'crash' C-section (in Dutch) 

Evaluatie formulier simulatie spoedsectio, dinsdag 16 okt om 
11.00u: 

Verpleegkundige Tijdstip waarschuwen: 

Verplaatsen naar VK Tijdstip beslissing: 

Assistent-arts Tijdstip waarschuwen: 

• Is er delegatie mogelijk? 
• Wat is de taakverdeling? 

Weekgynaecoloog Tijdstip waarschuwen: 

• Communicatie achterwacht: 
volgorde: 

volgorde: 

volgorde: 

volgorde: 

• Eerst naar OK of VK? 
• lndien VK, is delegatie mogelijk? 
• Wat is de taakverdeling? 

Telefonische contact OK 
• Wat wordt er gezegd 

Telefonische contact Kinderarts 
• Wat wordt er gezegd 

Op de VK 

Probleem benoemen? 

Locatie? 

Gyn komen? 

Zo ja, naar OK of VK? 

• Wordt er hardop gezegd wat de situatie is? 

• Wordt de patient op de hoogte gebracht? 
• Wordt de patient gerust gesteld? 
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Tijdstip aankomst: 

Tijdstip aankomst: 

Tijdstip aankomst: 

Ja/nee 

Tijdstip aankomst: 

Ja/nee 

Ja/nee 

Ja/nee 

OK/VK 

OK/VK 
Ja/nee 

Tijdstip: 

Tijdstip: 

Ja/nee 

Ja/nee 
Ja/nee 
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• Wordt er een blaaskatheter ingebracht? 
• Worden er 2 lnfusen aangebracht? 
• Is het kruisbloed gecheckt? 
• Ponsplaatje + status mee? 

B. van Geffen 

Ja/nee 
Ja/nee 
Ja/nee 
Ja/nee 

• Couveuse klaar? Ja/nee En mee naar OK? Ja/nee 

Transport 
• Wordt er iemand geroepen om de lift vast te halen 
• Zo ja, wie vraagt dit te doen en wie doet dit 
• Start transport 

Tijdstip: 
aan 
Tijdstip: 

Overdracht OK Tijdstip: 
(Normaal gesproken alleen wijzigingen ten opzichte van de telefonische overdracht, en 
onregelmatigheden) 

• Wat wordt er verteld? 

Op de OK 
• Patient op OK-bed 
• Patient op OK . 

• Is de kinderarts op de OK bij het begin van de operatie? 
• T oedienen narcose 

Tijdstip: 
Tijdstip: 

Ja/nee 
Tijdstip: 

Op het moment dat de gynaecoloog klaar is, zegt hij tegen de anesthesist; ik ben zo 
ver. Dan wordt de patient in slaap gebracht, en 30 sec later begint de operatie. Kind 
is er snel (4-5 minuten) 
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Appendix D: Composition of the SAFER task group 

In order to identify a multidisciplinary SAFER task group, a definition of the relevant population 
has to be defined of which the task group can be constructed: 

The relevant population is defined as: 
'Employees directly involved in the delivery of care during the preparation for a 'crash ' 
Caesarean section. ' 

When looking to the process and the employees involved, cross-department multi-disciplinary 
involvement and cooperation can be determined. According to Cooper and Schindler [2003], 
"Most populations can be segregated into several mutual exclusive subpopulations, or strata." 
[Cooper and Schindler, 2003, pg. 193] Possible homogeneity or heterogeneity between criteria 
related to the variables under study play a very important role in determining sample sizes. 

The purpose of the SAFER analysis is the identification of potential failure modes and 
countermeasures to prevent them. The knowledge of the participants in the task group is 
essential , and therefore , the most important criterion related to the variables under study 
concerning the homogeneity of the population are determined to be: 

• Level of process knowledge, and 
• Level of willingness to share the knowledge. 

Based on the cross-department and/or cross-disciplinary homogeneity concerning these factors, 
choices can be justified about the composition of the task group. 

Inter-department variability 
Unless the clear boundaries of responsibilities in healthcare processes in a hospital, a lot of 
cross-department collaboration takes place during a 'crash' Caesarean section. During the 
process, a lot of communication and synchronic physical collaboration takes place between all 
different departments. Therefore, there is a big chance that specific process knowledge is not 
only available within one department. 
However, there will always be (parts of) processes in which knowledge is shared unequal. 
Therefore is expected that, despite the great differences in activities, professional knowledge, 
and opinions about this process, the variance in objective knowledge about the occurrence of 
incidents in the past is moderate. 
Furthermore, there is no reason to expect great differences in the willingness to share process 
knowledge between different departments. Unless their own responsibilities, the employees of 
the different departments are all actively striving for an optimal method of working and therefore 
the difference in willingness to share knowledge is perceived to be moderate. 

Intra-department inter-disciplinary variability 
The healthcare sector is a branch in which a very clear hierarchic system is utilized , and 
working methods are based on 'upwards scaling'. Every discipline has its own field of activity 
and responsibilities , and when something falls outside the authority, a 'higher' employee is 
called . The employee highest in range automatically becomes the function of responsible 
supervisor. This practically means that due to a higher level of presence someone low in 
authority is expected to be familiar with different parts of the process. So process knowledge will 
be unequally distributed over the different disciplines, and therefore the difference in knowledge 
is expected to be moderate. 
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The variability to share safety-related knowledge though is expected to be high. This is based 
on the annual reports of the MIP-commission (year 2003 and 2004), in which about 6% of the 
reported incidents was reported by medics, and over 80% was coming from nursing staff. 

Intra-disciplinary intra-department variability 
Within the same disciplines within the same departments, almost all activities circulate between 
the employees. That is the reason why everybody is expected to have the same chance of 
getting in contact with the same types of situations. Therefore, knowledge about incidents is 
expected to be equally distributed within disciplines, and thus the variability to be low. The 
variability in willingness to share knowledge is also expected to be low, since all employees 
within the same discipline are hierarchically equal. 

Variance in knowledge Variance in willingness 
about incidents to share knowledge 

Inter-department Moderate Moderate 
Inter-disciplinary Moderate Hiqh 
Intra-disciplinary Low Low 

Expected variances in knowledge and willingness in MMC 

Based on above matrix, the conclusion can be made that the participation in the SAFER task 
group should mainly deal with expected differences between the different departments and 
disciplines, and less with the differences within the same disciplines. 

Subgroups 
When looking to the conclusions concerning the expected variability among employees in 
different disciplines and/or departments, inter-department and inter-disciplinary heterogeneity is 
expected to be moderate/high, and intra-disciplinary homogeneity is expected to be high. 

Stratified sampling is a statistical method which is very applicable when high levels of 
homogeneity is expected within the subgroups, and high levels of heterogeneity between the 
subgroups. In order to reach homogeneity within subgroups and heterogeneity between them, 
subgroups are chosen to consist of employees of the same discipline within the same 
department. Next step is to consider proportionate versus disproportionate sampling. 

Since the intra-group variability in both process knowledge as well as the willingness to share 
that knowledge is expected to be low, one representative of each subgroup will be sufficient. 
This will also prevent from meetings with too much attendants. Applying these criteria leads to 
the following composition of the SAFER-task group. 
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Proposed composition of the SAFER-task group 

• Obstetrics/gynaecology Number of employees in task group: 
0 Gynaecologist 1 
0 Resident gynaecologist 1 
0 Midwife 1 
0 Nurse 1 
0 Assistant midwife 1 

• Anaesthesiology 
0 Anaesthesiologist 1 
0 Anaesthetic assistant 1 

• Operating Rooms 
0 OR-assistant 1 

• Paediatrics 
0 Paediatrician 1 
0 Resident paediatrician 1 

• Reception & Security 
0 Porter 1 

Subgroups and sample sizes for the SAFER-task group 
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Appendix F: Countermeasures identified in SAFER-I 

Communication: 

Terminology: 
As identified in the initial phase of the research, the use of definitions and terminology was 
perceived to be suboptimal. This perception was reflected by the countermeasures identifying 
the urgency to make clear agreements about the terminology and when to use these terms. 
Main issue was the use of the definition 'code rood', introduced to announce a 'crash' C-section 
in the nighUweekends towards the reception in order to decrease the number of phonecalls 
made (and thereby the time used) by the gynaecologist and the employees on duty to prepare 
the surgery. The use of this term is faded though due to the missing of a term to announce 'the 
most urgent level of C-sections'. In order to structure these recent developments, and based on 
the clear wish of the employees to introduce a new term to announce extreme urgent C
sections, there is proposed to use the term 'code rood' ('code red') for the announcement of 
extreme urgent C-sections. In order to classify different types of C-sections, the terms 'Crash' , 
'Emergency', 'Urgent' and 'Pre-empted' were proposed based on the why and when of the 
decision to perform it. [MacKenzie and Cooke, 2002] These terms though do not unambiguously 
indicate the urgency of the situation. Therefore is decided to propose a classification based on 
the desired interval to perform a Caesarean section . 

Code Rood; emergency in which immediate intervention is required 
Spoed sectio; situation in which rapid intervention is required within maximally 30 min 
Secundaire sectio; situation in which intervention is required within maximally 60 min 

Unless the possible side effects of a classification in terms in stead of an interval, this way of 
announcement is expected to be less vague than the current situation in which a Caesarean 
section is announced as an 'emergency', a 'super-emergency' or a 'super-super-emergency' . 
Furthermore, a comparable and successful example of a similar term ('code green') was found 
to describe a protocol suited for extremely urgent ("crash") Caesarean sections in Singapore. 
[Lim et al., 2005; Kwek et al., 2005] 

In order to prevent losing information in the communication, the advise is to use the terms 
described above in combination with the complication the patient is suffering from. A special 
addition to this proposal is the mentioning of a possible foetal bradycardia (extreme low heart 
rate) in the communication between the delivery rooms and the resident paediatrician. 

In this way, the OR-employees, security-employees and resident paediatricians could be 
informed clearly in a preset way, and agreements between resident paediatrician and their 
supervisors when to call them could be facilitated. 

Informing employees about location of the 'Code Rood': 
The necessity to inform employees during the night-/weekend shifts in another way than the 
current one is assessed to be ineffective. The chance is very big that the paediatrician is in the 
OR before the start of the section, that the section is in the designated OR, and informing the 
employees is thus expected to slow down the process. 
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During the daily shifts there is a little difference. A lot of ORs are expected to be occupied then 
and therefore the chance is big that the section will take place in another OR than the 
designated one. Furthermore, the OR will be ready very fast since there are a lot of employees 
and therefore the necessity of the fast arrival of the paediatrician is even more important. 
Therefore, informing the (resident) paediatricians is potentially effective and ways to do so have 
to be investigated. 

Asking for help by the resident paediatrician in absence from the supervisor: 
For different reasons, it could be possible that the paediatrician who has to attend the 'crash' C
section is not present (yet). Therefore, a procedure should be created in which the resident 
paediatrician is obligatory to ask the anaesthesiologist whether he or she could assist in taking 
care of the new-born child when necessary. The reason to do so is to remove the barrier which 
possibly exists for the (possibly inexperienced) resident paediatrician to ask for help. 

Communication towards the floormanager: 
Communication between the DR and OR proceeds via the anesthesiologist but the 
floormanager distributes the (human) resources . In order to prevent the situation in which 
nobody prepares an OR because the floormanager was not informed, clear agreements have to 
be made who communicates a 'Code Rood' to the floormanager. 

Informing employees about the situation of the patient while intubating: 
This proposal is aiming at increasing communication about the indication and the situation of the 
patient. When the anaesthesiologist is intubating the patient in case of a 'Code Rood', the · 
gynaecologist could shortly describe the occurring complications and the situation of the patient. 
Besides the increase of shared knowledge among the employees, this could probably also 
contribute to the creation of a shared goal. 

Communication between the reception&security and the ORs: 
In the rare occasions in which a secondary team is necessary though, it is important to send 
feedback from the reception&security to the ORs about the extent in which finding employees 
succeeded. This could facilitate the life-depending decision whether to start the surgery 
understaffed or to wait for assistance. Effective ways to do so should be investigated, since this 
should not slow down the process of finding a second OR team. 

Division of tasks: 

Training the DR-employees in major actions on the OR: 
A serious decrease in preparation time for a C-section could be achieved by training DR
employees to perform some major actions on the OR. First of all, opening the doors of the OR 
and switching on the lights turned out to be problematic in the past. These basal steps could 
easily been trained for, and could be extended with preparing the patient for the C-section. Next 
to the training or instruction the employees should receive, they could attend/assist in the 
preparation of an elective section, an easy and low-cost training in a process which takes place 
very often and which takes only a couple of minutes in which they are usually already 
somewhere within the complex of the ORs. 
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Next to the expected decrease of preparation time for the C-section, this countermeasure is also 
expected to increase the reciprocal consciousness of-, and respect for the circumstances under 
which employees of both departments work. During research, indications for this effect where 
found because of the discussed observation by OR-employees of the speed of actions 
performed by DR-employees in case of an announced emergency C-section. 
Another expected important side effect is the decrease of necessity to call for a second OR
team, since the DR-employees could help preparing the patient which results in a shorter 
processing time. The willingness to participate in a second OR-team in case of an emergency 
when necessary could also increase due to the expected increase of reciprocal respect. 

However, the alternative of continuous occupation of the OR should be investigated, and a 
consideration should be made. (sections 7.4; 8.1.1; 9.2.1) 

Change of designated ORs: 
The necessity to call for a secondary OR-team (and the accompanying delay) could be 
decreased further when the place of designated ORs is changed. MMC has two designated 
ORs, one for surgical emergencies and one for obstetric emergencies. When the first OR-team 
is already at work during the night- or weekend shift, they are usually already performing an 
operation in the designated OR for surg ical emergencies, OR 15. The designated OR for 
obstetric emergencies though is OR 12. These ORs should be changed in such a way that 
these two ORs are located next to each other, preferably with a window in between them. This 
enables coordination by the anaesthesiologist and his/her assistant, which could decrease or 
even remove the necessity to call for a secondary OR-team, in combination with the 
countermeasures identified above, and in the rare situation of the necessity for a secondary 
team for a ~ crash ' C-section . 

Protocol for optimal distribution of tasks: 
In order to start the section as fast as possible, the tasks which necessarily have to be 
performed have to lead to a minimal delay. Since the section is performed in the OR, a 
necessary step is the transportation of the patient to the OR. In general , almost all preparation 
for the section can be performed on the OR, when the employees present know how to work on 
the ORs and where to find the materials necessary. Furthermore, when the patient is already on 
the OR the section can start when all other preparations are finished . Waiting to enter the OR 
though results in an extra delay in the process. 
In order to choose the optimal moment of transportation the agreement has to be made that as 
long as the patient is not able to enter the OR for any reasons, the patient stays on the DR 
where the patient can be prepared as much as possible. Special attention is payed to the 
preparation of two infuses in order to prevent possible delay downstream the process. The 
reasons to stay on the DRs could be the occupation of all ORs or the absence of trained 
employees (OR-employees or well trained DR-employees). 
However, when there is an empty OR and there are employees who are well-trained to work on 
the OR and know where the materials are which are necessary to prepare the patient (OR
employees or well-trained DR-employees), the patient should be transported immediately and 
all other preparations should be performed in the OR. In combination with the proposed training 
of the DR-employees, this will decrease the delay in the process. 
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Neonatal resuscitation-car and -table: 
The neonatal resuscitation-car and -table together provides the most important neonatal life
rescueing medication and equipment in case of the birth of a less viable baby. The current 
protocol in order to refill the materials in this car and table is based on the replenishment of the 
materials of which the packaging was left at the resuscitation-table. First of all, it is important to 
take care that all materials used have packagings and that packagings of different materials are 
not identical. Secondly, not all (resident) paediatrics were perceived to be informed about this 
procedure and besides this, it is conceivable that packagings of materials used do not end at 
the resuscitation-table for many other reasons. Furthermore, the department of Paediatrics is 
responsible for replenishing the resuscitation-car where the employees of the OR actually 
accomplish this task, which is perceived to be conflicting. The procedure has to be 
communicated well, and the responsibility for the resuscitation-car and -table is proposed to be 
reconsidered. 

Identification: 

Identification of patients and or objects by punching: 
The identity of a patient and the patient's information is controled by punched cards. In the 
delivery rooms, these cards are stored in a small rack with designated 'compartments' for each 
delivery room in it. Documents are stored in these compartments, together with the punched 
cards of the patients. The numbers of the delivery room the compartment belongs to is depicted 
between the different compartments. Together with the loose storage of the punched cards 
within it, the chance to make identification-failures was perceived to be able to be decreased 
with three countermeasures. First measure was the placement of small cases with the number 
of the delivery room depicted on them next to the rack, in which the punched cards could be 
stored. Second measure was the movement of the numbers to a place beside one 
'compartment' in stead of between two different ones. Furthermore, there was a desire to 
discuss and decide upon the responsibility of punching in case of an emergency. 

A last proposal was the intoduction of identification wrist-band. This could reduce the chance of 
identification-failures and could perfectly interact with the electronic health record (EPD) which 
is expected to be introduced in the autumn of 2008. 

Blood sampling for possible transfusion: 
Another type of identification is the determination of a patient's blood-group. This occurs by 
means of a fixed protocol in which two blood samples are extracted from the patient via two 
different punctures. In order to prevent transfusion errors, the two samples are tested separately 
and the matching blood-group is the blood-group of the patient. Despite these protocols, it often 
occurs that two blood-samples are taken from the same puncture due to patient comfort and the 
saving of time. In this way, the chance of transfusion errors (when for instance the wrong patient 
is tested) increases. In order to prevent these types of errors, the first step is that a total 
compliance with this protocol has to be pursued. For their own safety, patient's comfort is 
perceived to be of minor importance in this situation. And the situation in which a patient needs 
a blood transfusion in an emergency, and if the time taken to test the patient's blood would 
cause detrimental delay, 0 negative blood could be administered. Another supplementary 
countermeasure could be the standardization of determining blood-groups during the patient's 
first encounter with MMC, but this blood test is only valid for 72 hours. 
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Anaestetic list: 
In approximately the same manner problems with filling in the anaesthetic list are expected. In 
order to save time this step is sometimes skipped. In order to prevent this from happening, there 
is proposed to fill in the anaesthetic list for high-risk or even all patients on the OHC/ delivery 
rooms. 

Remaining 

Using the elevator: 
Using a special key to operate and overrule the elevator was supposed to reduce the time 
needed to transport the patient to the OR. This key is not used very often though, since the 
working of it was perceived to be unusefull and/or unknown. Investigation of the working method 
of the key revealed the difference between the 'lift-boy' key, which is used by the delivery 
rooms, and the 'resuscitation-key', used by the resuscitation-team. The working of the key of the 
delivery rooms is restricted to only a few actions and the surplus value of this key is therefore 
perceived to be low. In order to decrease the preparation time of a 'crash' C-section, there is 
proposed to provide the delivery rooms with a 'resuscitation-key' which enables them to overrule 
the elevators in case of an emergency, and thereby minimizing the time waiting for the elevator. 
A second countermeasure to increase the usuability of the key is the proposal to move the 
location of the key to a place reachable easier and faster. Last countermeasure is focusing at 
the identical labels of all keys at the delivery rooms. When the color of the 'resuscitation '-key is 
changed into a different one than the others, the recognizability under stress will increase. 

Door of the delivery rooms: 
Another (marginal) point of prevention of delay is focusing at the doors of the delivery rooms. 
These doors are difficult to open when transporting a bed. Almost every door in the hospital is 
supplied with an automatic system to open the door, except for the door of the delivery rooms 
towards the elevator. Since the delivery rooms will be moved to the VMK-centre in a short term 
and this adjustment will be expensive in relation to its benefit, this proposal could be carried 
away for the new building. 

Exploring the dilemmas of a 'crash ' C-section on the recovery: 
The occurrence of an obstetric emergency requiring a 'crash' C-section when all ORs are 
occupied , is expected to occur less then once a year. Always keeping available an empty OR 
would be a save but very expensive countermeasure to prevent this situation, and therefore the 
alternative is to explore and remedy the dilemmas of a 'crash' C-section on the recovery. 
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Beyond the scope of this study 

The countermeasures referring to the use of the telemetry (of which the use of it could be seen 
as a medical contentual issue) are included since organizational factors and a significant 
investment of time play a big role in the question whether to use it or not. However, since it 
could be seen as medical contentual, the evaluation of these countermeasures has to be 
perceived as informational and not as advisory. 

Telemetry 

In case of a 'crash' C-section, the (wireless) ECG telemetry device is used for observation of the 
condition of the foetus during transportation. There are some problems though with the use of 
the telemetry. First of all, in the DRs also fixed ECG telemetry is applied which is not able to 
used during transportation. When observation is desirable, first the fixed telemetry has to be 
changed by the wireless telemetry. An improvement could be the solely use of wireless 
telemetry. 

Furthermore, it takes extra time in the OR to remove the telemetry again before the preparation 
of the patient could start. Besides this, the telemetry frequently fails in depicting the ECG-signal 
correctly due to a lack of power or due to other (technical) failures. The reliability of the 
equipment during transport is therefore questionable, and the amount of decisions made based 
on the signals was assessed to be relatively low. Therefore, the use of telemetry during the 
transportation of a patient which is about to undergo a 'crashi C-section is proposed to be 
reconsidered. The non-use of the telemetry decreases the amount of information (of which its 
usuability is questionable in a real emergency) , but increases the speed of the process. 

When the decision is made to continue the use of the telemetry, the proposal is to increase the 
service-frequency and to arrange extra power-supplies (batteries/accu) in order to increase the 
reliability of the telemetry. 
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Appendix G: Description of the countermeasures discussed in SAFER-II and 
provided to the participants of this analysis 

Countermeasure 1: Training the DR-employees in major actions on the OR: 

A serious attempt to decrease the preparation time for a C-section outside the daily shifts 
should be to train DR-employees in some major actions performed on the OR. First of all, 
opening the doors of the OR and switching on the lights turned out to be problematic in the past. 
These basal steps could easily been trained for, and could be extended with preparing the 
patient for the C-section. Next to the training or instruction the employees should receive, they 
could attend/assist in the preparation of an elective section, an easy and low-cost training in a 
process which takes place very often and which takes only a couple of minutes in which they 
are usually already somewhere within the complex of the ORs. Next to the expected decrease 
of preparation time for the C-section, this countermeasure is also expected to increase the 
reciprocal consciousness of -, and respect for the circumstances under which employees of 
both departments work. During research , indications for this effect where found because of the 
discussed observation by OR-employees of the speed of actions performed by DR-employees 
in case of an announced emergency C-section. 

Another expected important side effect is the decrease of necessity to call for a second OR
team, since the DR-employees could help preparing the patient which results in a shorter 
processing time. The willingness to participate in a second OR-team in case of an emergency 
when necessary could also increase due to the expected increase of reciprocal respect. · 

Countermeasure 2: Protocol for optimal distribution of tasks: 

In order to start the section as fast as possible, the tasks which necessarily have to be 
performed have to lead to a minimal delay. Since the section is performed in the OR, a 
necessary step is the transportation of the patient to the OR. In general , almost all preparation 
for the section can be performed on the OR, when the employees present know how to work on 
the ORs and where to find the materials necessary. Furthermore, when the patient is already on 
the OR the section can start when all other preparations are finished. Waiting to enter the OR 
though results in an extra delay in the process. 
In order to choose the optimal moment of transportation the agreement has to be made that as 
long as the patient is not able to enter the OR for any reasons, the patient stays on the DR 
where the patient can be prepared as much as possible. Special attention is payed to the 
preparation of two infuses in order to prevent possible delay downstream the process. The 
reasons to stay on the DRs could be the occupation of all ORs or the absence of trained 
employees (OR-employees or well trained DR-employees). 
However, when there is an empty OR and there are employees who are well-trained to work on 
the OR and know where the materials are which are necessary to prepare the patient (OR
employees or well-trained DR-employees), the patient should be transported immediately and 
all other preparations should be performed in the OR. In combination with the proposed training 
of the DR-employees, this results in a minimization of delay in the process. 
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Appendix I: Critical Incident Interviews 

Subgroups 
When looking to the conclusions concerning the expected variability among employees in 
different disciplines and/or departments, inter-department and inter-disciplinary heterogeneity is 
expected to be moderate/high, and intra-disciplinary homogeneity is expected to be high 
(appendix D). 

Stratified sampling is a statistical method which is very applicable when high levels of 
homogeneity is expected within the subgroups, and high levels of heterogeneity between the 
subgroups. In order to reach homogeneity within subgroups and heterogeneity between them, 
subgroups are chosen to consist of employees of the same discipline within the same 
department. Next step is to consider proportionate versus disproportionate sampling. 

Recommended is the use of proportionate sampling, excepted for the situations in which "the 
differences in sampling costs or variances among strata are large, then disproportionate 
sampling is desirable." [Cooper and Schindler, 2003) Variances among strata already were 
determined to be large, as well as the differences in subgroup size. Sampling costs do also vary 
a lot, since the organizational costs and necessary efforts to interview nurses or assistants are 
very small in comparison to those for interviewing physicians. Therefore, disproportionate 
sampling is chosen as the appropriate type of sampling in this research. The authors also 
suggest a suitable general proportional level of sample size. They state that "if the calculated 
sample size exceeds 5 percent of the population, sample size may be reduced without 
sacrificing precision ." [Cooper and Schindler, 2003, pg. 190) Therefore, 5 percent of the 
population would be an appropriate sample size. This would mean that the sample size will vary 
between 0.2 and 3 employees per subgroup. In order to avoid very small sample size, a 
minimum sample size of 10 percent is determined for populations of less than 20 employees, 
rounded off upwards. Above the population size of 20 employees, the minimal sample size is 5 
percent, rounded off upwards. Potential participants will be approached on a random moment in 
time. Whether they are available for interviewing is dependant of the work load on that moment. 
When it is too busy to participate, the researcher will return on another random moment. 
Potential bias by this method of collection is assessed to be minimal, since almost all 
employees have shifts on a rotational basis, and work load is assessed to be randomly 
distributed during office hours (time in which the research is conducted). 
Summarizing, the type of sampling used in this research is stratified disproportional sampling. 
Applying above criteria delivers the following sample sizes. 
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Subgroups and sample sizes for the Critical Incident Interviews 

• Obstetrics/gynaecology Population: 
Sample size: 

0 Gynaecologists 13 2 
0 Resident gynaecologists 8 1 
0 Midwives 16 2 
0 Nurses* 21 3 
0 Assistant midwives 12 2 

• Anaesthesiology 
0 Anaesthesiologists 14 2 
0 Anaesthetic assistants 60 3 

• Operating Rooms 
0 OR-assistants 52 3 

• Paediatrics 
0 Paediatricians 17 2 
0 Resident paediatricians 12 2 

• Reception & Security 
0 Porters 12 2 

• 4 nurses have a fixed place on the delivery rooms, and 17 circulate between the delivery 
rooms and the nursing department, so sample size calculations are split 

Subgroups and sample sizes for the Critical Incident Interviews 
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