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Summary

In this dissertation, we investigate laboursaving technology in the operating room
(OR), specifically geared towards tracking and tracing of surgical instruments and
devices. While the development of new technologies continues swiftly, the
implementation and effective use in clinical practice lags behind. There is a need for
a comprehensive overview of factors involved in this.

The aim of this thesis is to provide an interdisciplinary overview of the
implementation of laboursaving technology in the OR, using surgical instrument
counting as an illustrative case.

In Chapter 2, we present the current situation of surgical instrument counting in clinical
practice. Through observations, we found that OR nurses use various strategies and
counting techniques to manage disruptions and limit workload. We also found that
there is limited interest in the use of supportive technology during a surgical procedure;
nurses prefer this support in the preparatory and closing phases of surgery.

In Chapter 3, we dive deeper into the current use of laboursaving technology. In Part
1 we focus on weighing systems (i.e., scales). Introduced around twenty years ago,
they were meant to standardise and automate surgical instrument counting.
Instruments are weighed before and after a surgery, and if the weight matches, the
instruments are complete. Around a quarter of Dutch hospitals still use a weighing
system in their instrument lifecycle, but many mention that it is unreliable. This
triggered us to investigate further. We visited several hospitals throughout the country
to see how the system is used. We found that each hospital adapted their workflow in
a unique way to accommodate the limitations of the weighing system, with a varying
degree of success, or fidelity. It turns out that this fidelity is higher in hospitals where
communication between departments and different user groups occurs more
smoothly, thereby increasing trust in the system’s accuracy.

In Part 2 of this chapter we focus on a different technology, introduced around ten
years ago in the Reinier de Graaf hospital in Delft: DORA (Digital Operating Room
Assistant). DORA was developed to improve efficiency surrounding medical devices
situated in the OR (like infusion pumps, laparoscopy towers). In case of a device
malfunctioning, DORA allows for an immediate error report to the technical department
instead of OR staff having to call a technician. In our evaluation study, we found that
while most OR users are satisfied, some issues remain that nudge people to the old
way of reporting device malfunctions. Technicians are less satisfied, as the relatively
short battery life of the sensor requires them to find devices in the operating rooms
just to replace a battery. However, the added value of the system when these issues
are resolved is clear, as developments of a new DORA system are underway.
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Chapter 4 presents the uniformity and variations in surgical counting protocols among
Dutch hospitals. Two-thirds of all hospitals participated in this study, showing that
surgical instrument counting is an important topic in the field. Compared to a similar
study performed in 2006, various improvements have been made to increase
standardisation and patient safety. However, perceived high-risk situations have
remained largely unchanged, such as staff changes and emergency situations. In
addition, most hospitals describe a shared responsibility of the instrument count in
their protocol, a policy we speculate could contribute to uncertainty and unsafe
practice. We also found that a quarter of hospitals use a weighing system in their
instrument workflow, with half of them noting that this system is unreliable in its
purpose to count instruments.

So far, no technology has managed to fully replace the manual process of surgical
instrument counting. However, with continued interest and development of
technologies for this application, such as computer vision algorithms, this might still
happen in the near future. In Chapter 5, we analyse jurisprudence and legal
precedence to determine who is actually responsible for instrument counting.
According to national guidelines, the instrumenting nurse is responsible for performing
the instrument count. Looking further, however, the surgeon and the hospital are liable
for damages following a retained instrument. Adding to that, new technological
innovations will likely make use of artificial intelligence (Al), where the way in which
an algorithm comes to an output often remains unclear. Legal experts and lawmakers
have not yet worked out how this will relate to the responsibility and liability of users
in the medical context.
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Samenvatting

In dit proefschrift onderzoeken we arbeidsbesparende technologie in de
operatiekamer (OK), in het bijzonder technologie gericht op track & trace van
chirurgische instrumenten en medische apparatuur. Terwijl nieuwe technologische
ontwikkelingen zichzelf snel opvolgen, blijft de implementatie en effectief gebruik in de
klinische praktijk vaak achter. Er is een behoefte aan een overzicht van factoren die
hierop van invloed zijn.

Het doel van dit proefschrift is om een interdisciplinair overzicht te geven van de
implementatie van arbeidsbesparende technologie op de OK, waarbij het tellen van
chirurgische instrumenten als illustratieve casus wordt gebruikt.

In Hoofdstuk 2 presenteren we de huidige situatie van het instrumententellen in de
klinische praktijk. Door te observeren vonden we dat operatieassistenten
verschillende strategieén en teltechnieken gebruiken. Zo kunnen ze beter omgaan
met onderbrekingen en de werklast beperken. We vonden ook dat er maar beperkte
interesse was in het gebruik van ondersteunende teltechnologie tijdens een
chirurgische ingreep; operatieassistenten hebben deze ondersteuning liever in de
voorbereidende en afsluitende fase van een ingreep.

In Hoofdstuk 3 gaan we dieper in op het gebruik van al bestaande arbeidsbesparende
technologie. In Deel 1 focussen we op weegsystemen; deze werden ongeveer twintig
jaar geleden geintroduceerd, met als doel het standaardiseren en automatiseren van
de instrumententelling. Door instrumenten voor en na de ingreep te wegen, kan zo
bepaald worden dat alle instrumenten weer terug op de juiste plaats zijn. Ongeveer
een kwart van de Nederlandse ziekenhuizen gebruikt nog steeds een weegsysteem
in hun instrumentencyclus, maar velen melden dat het wegen onbetrouwbaar is. Om
deze reden zijn we verder gaan kijken. We hebben diverse ziekenhuizen door heel
het land bezocht om te zien hoe het systeem gebruikt wordt. We vonden dat elk
ziekenhuis op hun eigen manier werkprocessen hebben aangepast om het
weegsysteem (en zijn beperkingen) in te passen, in verschillende maten van succes,
of fidelity. Het blijkt dat deze fidelity hoger is in ziekenhuizen waar de communicatie
tussen afdelingen en gebruikersgroepen soepeler verloopt, waardoor het vertrouwen
in de accuratesse van het systeem hoger is.

In Deel 2 van dit hoofdstuk verleggen we de focus naar een andere technologie, die
zo’n tien jaar geleden is geintroduceerd in het Reinier de Graaf Gasthuis in Delft:
DORA (Digital Operating Room Assistant). DORA was ontwikkeld om werkprocessen
rondom medische apparatuur op de OK (zoals infuuspompen, laparoscopietorens) te
verbeteren. In het geval van een defect apparaat, kan men met behulp van DORA
direct een melding maken bij de technische afdeling zonder dat OK personeel



handmatig hoeft te bellen met een technicus. In onze evaluatiestudie vonden we dat
gebruikers op de OK wel tevreden waren met het systeem, maar dat een aantal
tekortkomingen ertoe leiden dat men terugvalt op oude gewoontes. Technici zijn
minder tevreden, met name door de relatief korte batterijduur, waardoor er veel tijd
wordt besteed aan het vervangen hiervan. Toch is de toegevoegde waarde van het
systeem duidelijk; een nieuwe doorontwikkeling van DORA ligt in het verschiet.

Hoofdstuk 4 presenteert de uniformiteit en variaties in chirurgische telprotocollen
onder Nederlandse ziekenhuizen. Twee-derde van alle ziekenhuizen deden mee aan
dit onderzoek, wat laat zien dat de chirurgische instrumententelling een belangrijk
onderwerp is in de sector. Vergeleken met een eerder onderzoek uit 2006 zien we dat
er verschillende verbeteringen zijn doorgevoerd om de standaardisatie en
patiéntveiligheid te verhogen. Specifieke hoog-risico situaties blijven echter
grotendeels hetzelfde, zoals het aflossen van personeel en spoedsituaties. Daarbij
blijkt dat bij een meerderheid van de ziekenhuizen een gedeelde verantwoordelijkheid
voor de instrumententelling in het protocol wordt beschreven. Dit beleid zou kunnen
leiden tot onduidelijke en mogelijk onveilige situaties. In dit onderzoek vonden we ook
dat een kwart van de Nederlandse ziekenhuizen een weegsysteem gebruikt in hun
instrumentencyclus waar we in Deel 1 van Hoofdstuk 3 verder onderzoek hebben
gedaan.

Tot nu toe heeft geen technologie het handmatige proces van chirurgische
instrumenten tellen kunnen overnemen. Met blijvende interesse vanuit het
onderzoeksveld en ontwikkeling van technologieén voor dit gebruik, zoals computer
vision algoritmes, zou dit wel eens kunnen veranderen in de nabije toekomst. In
Hoofdstuk 5 behandelen we de vraag wat er in dat geval met de verantwoordelijkheid
en aansprakelijkheid van het OK-team kan of moet gebeuren. Volgens nationale
richtlijnen is de instrumenterende operatieassistent verantwoordelijk voor het tellen,
maar is de chirurg en het ziekenhuis aansprakelijk voor schade in het geval van een
achtergebleven instrument. Daar komt nog bij dat nieuwe technologieén
hoogstwaarschijnlijk gebruik zullen maken van kunstmatige intelligentie (artificial
intelligence, Al), waarbij de manier waarop een algoritme tot een output komt vaak
nog onduidelijk is. Juridisch experts en wetgevers zijn er nog niet uit hoe dit zich zal
verhouden tot verantwoordelijkheid en aansprakelijkheid in de medische context.
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Chapter 1

Chapter 1: Introduction
1.1 BACKGROUND AND CONTEXT

Healthcare is currently facing significant challenges, with the most pressing being an
aging population [1]. As the population gets older, the incidence of age-related chronic
diseases and the subsequent demand for healthcare increase with it. Paired with a
shrinking workforce, the pressure on society is significant. Currently, around 1 in 7
people in the workforce work in healthcare in the Netherlands. To cope with an
increasing demand for care, this number would have to grow to 1 in 4 people by 2040
[1, 2], as isillustrated in Figure 1.1. Such a dramatic increase is impossible to achieve
without major consequences for the workforce in other sectors. This means that care
productivity per person will have to increase to meet the growing demand. In short,
more care will have to be provided with less people.

Workforce
2019 .
- 1,485,000
2030 .
- 1,873,000
2040 .
- 2,342,000

Figure 1.1. Size of healthcare workforce (red) as part of general workforce (blue). Adapted from [2]

A possible solution to this problem is to use laboursaving technology. Many processes
in healthcare organisations are done manually. Technology could take over more
tedious tasks from staff [3], allowing them more time for the human side of caregiving.

However, implementing technology in complex healthcare organisations is not
straightforward. An illustrative example of this is the process of surgical instrument
counting. Before, during, and near the end of an operation, the instrumenting nurse is
required to count all instruments involved in the surgery, so that none get lost or
retained inside the patient. Thanks to counting, retained surgical instruments (RSIs)
are a rare occurrence, with estimates ranging from 1 in 1000 to 1 in 10,000 surgeries
[4, 5]. However rare, consequences of an RSI can be dire, with patients suffering from
mild to severe complaints and even death [6].

Thought to be the result of the tediousness and repetitiveness of the counting,
innovators sought to eradicate the occurrence of RSls by removing the human factor
from it. They hypothesised automated instrument tracking would not only reduce the
incidence of RSIs [7], but it would also allow for automated instrument tray
optimalisation, preventive maintenance [8], streamlined inventory management [9],
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automated OR scheduling through surgical phase recognition [10, 11], and it would
allow OR nurses to focus on other tasks, such as assisting the surgeon.

Over the years, many technologies have been proposed to aid in surgical instrument
counting, with varying levels of implementation success. For example, data matrices
(i.e., barcodes and QR codes) [7, 12] have the advantage of being easily affixed to
instruments using for instance laser engraving, allowing for affordable scaling.
However, regular use can wear or damage the engravings, making them harder to
read. In addition, instruments need to be individually scanned by a scanning device,
significantly increasing handling time.

Another technology that has received significant interest in the field is radio-frequency
identification (RFID) [8, 13-15]. By attaching passive RFID sensors to instruments, a
dedicated RFID antenna can pick up a signal from each instrument, thereby tracking
their location in real-time. Challenges include scalability, reliability of the attachment
method, and achieving an adequate detection rate in a real OR environment [16].

In recent years, the development of computer vision algorithms has taken flight. These
algorithms have been adapted by many for the detection and recognition of surgical
instruments [17-22]. A major advantage compared to other technologies is its
scalability; instruments do not have to be modified. However, these algorithms tend to
struggle when conditions are variable, as is often the case in an OR.

Providing a more low-tech solution, weight sensors (i.e., weighing scales) have seen
a relatively wider dissemination and use in comparison to the technologies mentioned
above. The simplicity of the technology allowed for easy implementation, but there are
clear drawbacks as well, which will be discussed further in this dissertation.

While all the above-mentioned innovations tackle a specific issue, none of them have
been able to provide a holistic solution reaching wide dissemination among hospitals.
This suggests that there is a gap between current technologies and the complexity of
clinical practice. The field of healthcare is a very heterogenous field with a strict
hierarchy and can be incredibly difficult for an engineer to gain access to. To close this
gap, a more holistic approach to this issue is warranted, integrating insights from
various perspectives into a larger overview.

1.2 RESEARCH OBJECTIVE

The main objective of this dissertation is to explore and describe the intricacies of
implementing laboursaving technology in surgery, using the surgical instrument count
as an illustrative case study. To achieve this, we have specified several sub-objectives
as described by the following research questions:

i. What is the current practice in surgical instrument counting?
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ii. What lessons can be learnt from already existing laboursaving technologies

in the OR?

iii. What is the OR nurses’ sentiment regarding counting technology?

iv. Do current surgical protocols and professional standards support the
implementation of laboursaving technology?

V. Does current jurisprudence support the implementation of laboursaving

technology in surgery?

1.3 SCOPE AND OUTLINE OF THE DISSERTATION

As the objectives imply, this dissertation consists of a variety of research domains and
methodologies. We encountered numerous challenges due to this interdisciplinary
structure. However, we believe this approach is essential in order to gain a thorough,
integrated understanding of implementing an innovation in clinical practice and
achieving a sustained benefit from it. The research domains involved in this work are
current technologies, the users, the context in which the technology is used, as well
as the legal context of automating a manual task.

In Chapter 2, observational results are presented to describe current practices
involving surgical instrument counting. In addition, OR nurse preferences regarding
the use of technology are shown.

In Chapter 3, two studies will be discussed. In Part 1, the findings of semi-structured
interviews among senior staff of hospitals that use a weighing system in their surgical
instrument lifecycle. The study shows how over the years, despite implementing the
same technology, hospitals end up with a variety of workflow integrations. With these
variations, a variety in user sentiment can also be seen. Part 2 describes an evaluation
of the Digital Operating Room Assistant (DORA), implemented in the Reinier de Graaf
hospital ten years ago. Based on the responses of various user categories, valuable
lessons on implementation and long-term sustained use are presented.

Chapter 4 presents the uniformity and variations in surgical counting protocols among
Dutch hospitals. Inspired by an earlier, similar study performed in 2006, this chapter
shows the improvements that have been made over the years to the practice of
surgical instrument counting.

Chapter 5 dives deeper into the what-if of automated instrument counting. A literature
study on the jurisprudence surrounding RSIs provides a foundation for further
discussion of the ‘who’ and ‘what’ of responsibility and liability.

In Chapter 6, the findings will be integrated and discussed, after which conclusions
will be drawn.
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Chapter 2: Current practices in surgical
instrument counting

This chapter was published in Human Factors in Healthcare on 12 September, 2024 as:
Kooijmans, A.M., de Rouw, L., van der Elst, M., van den Dobbelsteen, J.J. Surgical instrument
counting: Current practice and staff perspectives on technological support.

Abstract

Background Surgical instrument counting is a manual, attention-intensive task of the
operating room (OR) nurse. Many labour-saving technologies have been proposed,
but few have been implemented successfully. Knowledge of current OR workflows and
workload enables effective application of future developments.

Approach We observed OR nurses counting materials and instruments in 50 surgical
procedures performed by various surgical specialties in a regional teaching hospital in
Delft, The Netherlands. Additionally, we surveyed them on their experience of
workload concerning the count.

Key findings Variations in performance of surgical counting were observed, with OR
nurses using multiple strategies and counting techniques to manage workload.
Workload increases mostly when the number of surgical instruments necessary for a
procedure increases. Interest in using supportive technology is limited to the
preoperative and postoperative phase.

Relevance This research is the first to relate observational data to experience of
workload. Our findings may guide future developments of labour-saving innovations
regarding surgical counting towards developing more effective applications and to
ensure successful implementation.

2.1 INTRODUCTION

Globally, healthcare is facing challenges which necessitate new strategies to save
time and resources [1, 2]. In this light, sustainable employability of personnel is
becoming an increasingly discussed topic.

Laboursaving innovations have the potential to optimise workflows and thereby reduce
workload, as well as save money, and improve quality of care. For example, currently,
operating room (OR) nurses manually keep track of all instruments and materials used
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during surgery with instrument counting (see Fig. 2.1 for an overview). Although the
incidence is low, a retained surgical instrument (RSI) inside a patient may have serious
consequences for patient outcomes.

Manual counting is a labour-intensive process, especially considering the complex and
often acute conditions of an OR.

v

Used instruments are cleaned,
repackaged, and sterilised.

v

Preoperative phase

Initial counting, checking, and preparation
of sterile instruments.

v

Intraoperative phase

Counting during surgical procedure
(depending on type of surgery).

Postoperative phase

Final count of instrument trays.

Figure 2.1 Surgical material counting. After processing in the central sterilisation department (CSD), instruments
are counted, checked, and prepared in the preparation room (PR), before they are brought to the operation room
(OR) for the surgical procedure. Intraoperative counting depends on the type of procedure. After completion of
surgery, materials are counted, and instruments are transported back to the sterilisation department, to be
processed for their next cycle

A system which can detect and recognise the instruments being used could potentially
reduce OR nurses’ workload [3], as well as optimise OR workflow. Potential uses
beside automatic counting include preventive maintenance, automatic registration of
used materials, and automatic OR scheduling.

A large variety of technologies have been investigated, such as data matrices (i.e.,
barcodes and QR codes) [4-6], weight sensors [7, 8], radiofrequency identification
(RFID) sensors [3, 9-20], computer vision [8, 21-26], and even robotics [25, 27].
However, most solutions fall short in addressing the complexity of real-life OR
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conditions [28]. For instance, many studies were performed in a lab environment with
ideal conditions or an approximation of OR conditions [7, 8, 14, 16, 17, 25, 27].
Similarly, many proposed solutions interfere with regular surgical workflow, requiring
specific instrument layouts, individual scanning of instruments, or a substantial setup
time for each procedure [3-5, 15, 18, 19, 21, 26, 27].

Despite this lack of consideration for real-life OR conditions, some empirical research
on the performance of the surgical instrument count exists. It is reported that OR
nurses face many challenges that may affect their ability to count according to best
practice principles. Reported challenges are interruptions, distractions, time pressure,
and the pressure of an emergency procedure [29-32]. Solutions are often sought in
changing the dynamics of the OR environment: eliminating interruptions and
distractions or performing audits to ensure strict protocol adherence.

These technologies are often considered to be a replacement for the OR nurse’s work;
with the main goal of reducing RSls. However, the question whether the use of
technology actually reduces RSls and increases patient safety is still topic for debate
[33]. The application of technology to reduce OR nurse’s workload is currently not
considered a priority, with some studies only briefly mentioning this topic [3, 34]. A
broader analysis of the current counting practice and effective applications of counting
technology from a workload perspective does not exist yet.

This study aims to analyse the current counting practice from a workload perspective
and explore OR nurse’s preferred applications of technology in general to aid in
counting. By observing OR nurses during their work and conducting a survey on their
perspective, we gathered valuable data which could guide future development of
automatic instrument tracking solutions.

2.2 METHODS
2.2.1 Study design

This work consists of two parts: an observational study combined with a survey. For
the observations, we developed a data collection form based on the hospital’s counting
protocol ( Appendix A ), national guidelines and standards, relevant literature, and
feedback from OR nurses. We formulated the survey questions to gauge the opinion
of OR nurses on the current process of the instrument count and the potential of
adjunct technology in it.
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2.2.2 Study setting

This study took place in the OR complex of the Reinier de Graaf Gasthuis, a regional
teaching hospital in Delft, the Netherlands. Surgical specialties that use this facility
include ear-nose-throat (ENT), urology, gynaecology, orthopaedics; as well as plastic,
vascular, trauma, and general surgery.

2.2.3 Data collection

We attended 50 surgical cases from all the above-mentioned specialties between
March and May 2023. Consent was obtained from the OR team to observe the surgical
counting performance, conduct a survey, capture images, and identify opportunities
for technological applications. We aimed to minimise disruptions of the regular OR
workflow. Patient consent was not necessary as patient characteristics were not
recorded. We ensured the team members’ privacy by only referring to their
professional role in the data recordings.

Observations were structured according to the data collection form. Descriptive data
such as surgical specialty, nature of surgical procedure (elective or emergency), time
of surgery, and number of instrument trays used were noted. Furthermore, we
recorded how the counting in each surgical phase was performed: number of staff
involved, method used, time spent, and occurrence of interruptions.

Survey questions were administered to the current circulating nurse. As both OR
nurses alternate the role of scrub nurse and circulating nurse, we could survey both
OR nurses while minimising disruptions to the surgical procedure. See Appendix B for
an overview of the questions.

2.3 RESULTS

Table 2.1 shows baseline characteristics. Across all 50 observed procedures, 87
instrument trays were used (1-7 trays per procedure).

Table 2.1 Observed surgical procedures (continued on next page)

Surgical specialty Frequency Percentage
Ear-nose-throat (ENT) 14 28%
Trauma surgery 11 22%
Vascular surgery 7 14%
Gynaecology 6 12%
Robot general surgery 5 10%
General surgery 4 8%
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Orthopaedic surgery 2 4%
Plastic surgery 1 2%
Nature of procedure Frequency Percentage
Elective 47 94%
Emergency 3 6%

2.3.1 Observations

Initial instrument inspection

Surgical trays were delivered from the sterilisation department covered in blue (96%)
or green (4%) wrapping paper. Blue wrapping paper indicated all instruments were
present, while green paper indicated an incomplete tray due to one or more missing
instruments.

Most procedure preparations (72%) were done in the preparation room. The rest
(28%) were performed in the OR itself. It was explained to the researcher that some
procedures, such as ENT surgeries, are inherently unsterile and thus allow the
preparation to be carried out in the OR itself, thereby saving time.

The initial check of the tray was always performed by the scrub nurse. The circulating
nurse was not available for assistance in any of the cases. Instead, it was carried out
with the help of a nearby logistics worker, or by the scrub nurse alone. A full inspection
with each tray’s accompanying contents list was deemed unnecessary, as trays
wrapped in blue paper were assumed to be complete. These lists were only used
when a shortcoming such as a defective or missing instrument was noticed, which
occurred in 8% of cases.

Preparing the instrument table

A selection of instruments was placed on the instrument table in the anticipated order
of use. This varied based on a nurse’s previous experience of similar cases, as well
as their knowledge of the surgeon’s preference. We noted two approaches when
multiple instrument trays were needed: each tray’s instruments would be prepared on
a separate table, or instruments from all trays would be prepared on the same table.
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Counting techniques

Counting techniques varied between nurses and between instrument tray
arrangements. For loosely arranged trays, scrub nurses focused on keeping track of
the number of instruments removed from the surgical tray by placing them on the
instrument table in even numbers or pairs, to ‘facilitate memorisation and ease of
counting’. Similarly, some practitioners group instruments by threading a specific
number of them through one instrument’s ear. Usually, no formal count is carried out.
However, a precise scissor count is conducted exclusively in abdominal procedures.
Fragile instruments were placed in specifically arranged trays with silicone clips. By
scanning these, the nurses could determine if the surgical tray was complete.

Counting was deemed unnecessary if the likelihood of losing an instrument was
considered to be minimal, for instance in the case of thumb fracture surgery or some
gynaecological procedures where no incision is made.

Additional trays

In eight cases (16%), an additional surgical tray was opened (see Table 2.2). Five
were opened in the preoperative phase and three were opened during surgery. During
the preoperative phase, additions were necessary to replace an incorrect instrument
or part of an instrument, or to replace a missing instrument. During surgery, additions
were done because an instrument fell on the floor, or because the surgeon preferred
a different instrument. The researcher could not determine the reason for one addition.

Table 2.2 Reasons for opening additional surgical instrument trays and their frequency

Reason for additional tray Frequency
Incorrect instrument or part of instrument 3
Missing instrument 2
Instruments not in accordance with surgeon's preference 1
Unsterile instrument 1
Reason unknown 1

Retrieving and returning during surgery

The instruments used during surgery were not limited to those prepared on the
instrument table; in some cases, additional instruments were retrieved directly from
the tray, bypassing the instrument table. The surgeon could request a specific
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instrument, but often the scrub nurse anticipated this and retrieved an instrument
without an explicit request.

After use, instruments were returned to the instrument table if they might be needed
again. If they were not needed anymore, they were returned to the tray intermittently.
The nurse kept track of the instruments using the same counting techniques as during
the preparation, returning them in pairs, and checking if all silicone clips were
occupied. The nurses explained that this technique saves time, as all instruments are
accounted for as they are returned to their tray, instead of having to perform a
complete check after the procedure has concluded. The median time spent on
returning instruments was 29.0 seconds, with a range of 5.6 to 372.9. As shown in
Figure 2a, the time taken to return instruments increased with the number of trays in
use.

Interruptions

The process of returning and counting of instruments was interrupted on many
occasions, mostly due to the surgeon requesting assistance or a specific instrument
from the scrub nurse. We noted a total of 41 interruptions across all cases, with a
maximum of 6 in a single case. Figure 2b shows that the number of interruptions
increases with the number of trays in use.
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Figure 2.2 a. The time spent to return instruments to their tray. b. The number of interruptions during this, related
to the final number of surgical trays used. No procedures were observed where six trays were used

Completion of surgery

After completion of the surgical procedure, no formal count of all instruments was
performed in any of the observed cases. It was explained that if all fragile instruments
were returned to their predetermined position in a silicone holder, and no single
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instrument from the prepared pairs was missing, the instruments were considered to
be complete.

2.3.2 Survey

Key findings will be discussed below. For a complete overview of the survey questions
and results, see Appendix B.

Key findings

Currently, 39% of nurses indicate they do not count the entire surgical tray before
surgery. The number of surgical trays in use is the leading influence on experienced
workload (62%).

Most nurses (85%) see potential in reconfiguring the counting process to be more
efficient, and all nurses are open to the use of technology, but only in the preoperative
and postoperative phase of a procedure. None of the participants would be willing to
use technology to aid in counting during surgery, as they consider that an unwanted
additional distraction.

2.4 DISCUSSION

In this study, we observed a wide variety of procedures: from open to minimally
invasive surgery, and from elective to emergency procedures. The hospital’s surgical
item counting protocol was developed according to the best practice principles as laid
out in the AORN guidelines [35]. However, in every procedure OR nurses face
challenges that affect their ability to count according to these principles, such as
unavailable assistance, time pressure, interruptions, or distractions. To cope with this,
various strategies and counting techniques are used depending on the requirements
of each procedure.

2.4.1 Perioperative phases

The preoperative check of instrument trays is often adjusted to each procedure and
its circumstances. Sometimes performed by the scrub nurse only, workload is
managed by only counting instruments taken out of a tray to be placed on the
instrument table. Abdominal procedures carry a greater risk for instrument loss and
warrant a more precise scissor count.

The location of the preparation varies as well. Usually, it is carried out in the
preparation room, where specially designed air circulation systems ensure a sterile
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preparation environment. When procedures are inherently unsterile, as is the case
with ENT or proctological procedures, the team bypasses the PR, thus saving time.

Postoperatively, a final count is not performed, as all instruments have already been
accounted for when they were returned to the tray intermittently. It was explained that
performing a complete check would add more time to the procedure. Despite these
optimisations, a third of OR nurses still believe the counting process can be
reconfigured more efficiently.

2.4.2 Intraoperative phase

During surgery, OR nurses are challenged with conflicting responsibilities. Keeping
track of instruments and materials can be interrupted by a surgeon’s need for
assistance. Despite choosing optimal moments to count, interruptions and distractions
still occur, with up to six in a single procedure during our observations. This forces
nurses to perform more task-switching.

Interestingly, the time taken to return instruments increases linearly with the number
of instruments. One would expect the effects of interruptions and distractions to
worsen as counting time increases, because the ‘window of opportunity’ lengthens.
This suggests that the effect of interruptions and distractions might not be as large an
issue as was previously thought. Surgical procedures are complex, and stakes are
high. The team members generally are quite attuned to each other and often work in
a state of elevated focus or ‘flow’, which might explain the limited effect of interruptions
on the counting time.

The survey confirms that OR nurses are quite satisfied with the current counting
workflow during the surgical procedure, with only 10% seeing potential for
improvement and none of them willing to use assistive technology in the intraoperative
phase.

2.4.3 Surgical materials

Most research efforts to develop a tracking system for surgical materials focus on
gauzes with barcodes or RFID sensors attached to them. When looking from a
workload perspective, this might need to change. In the studied hospital, OR nurses
are expected to be able to assist in any surgical procedure. This means they should
be familiar with 642 different instrument trays, containing a various number of
instruments (up to 160 per tray).

The survey shows that the number of instruments used is the major influence on
workload during counting, rather than gauzes or needles. Similarly, only 27% of OR
nurses would be willing to use technology to assist in counting gauzes, while 73%
prefer technology to aid in counting instruments.
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2.4.4 Recommendations

It has been put into question before whether the use of counting technology during a
surgical procedure increases patient safety [4, 36], and our research suggests there
is an obvious similar sentiment among OR nurses. Instead, there is substantial interest
in applying counting technology to the preoperative and postoperative phase to
alleviate workload. Performing a complete count of all instruments before and after a
surgery is a time-consuming task which is currently managed with various strategies
and counting techniques. Applying technology to these specific parts of the counting
workflow could be a more effective way to optimise OR processes and alleviate OR
nurse’s workload.

2.4.5 Limitations

The observation tool we used was self-developed in an iterative process, without
consultation of relevant OR team members. All observations were performed by one
researcher (LR), which might have had a negative effect on noting intricacies of the
counting performance.

Further research is needed to explore OR nurse’s sentiment regarding safety,
workload, and assistive counting technology. For this, we will conduct structured
interviews based on a theoretical framework.

2.5 CONCLUSION

In this study, we explored surgical instrument counting from a practical workload
perspective. We observed that OR nurses are faced with challenges that limit their
ability to follow theoretical best practice principles. Depending on the specific
requirements of each surgical procedure, various strategies and counting techniques
are used to maintain an efficient workflow and limit workload. There is considerable
interest in reconfiguring the counting workflow in the preoperative and postoperative
phase among OR nurses, where they see potential for counting technology to assist
in counting surgical instruments rather than gauzes or needles. There is little interest
in the use of counting technology during a surgical procedure. This paper is the first to
consider the instrument count and the place of counting technology from a workload
perspective.

Based on our findings, future developments of counting technology should focus on
the preoperative and postoperative phase to achieve the most effective reduction in
OR nurse workload.
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Chapter 3.1

Chapter 3: Learning from laboursaving
technology already in use

Part 1: Weighing systems

This chapter was published in Implementation Science Communications on 10 November,
2025 as: Kooijmans, A.M., van der Elst, M., van den Dobbelsteen, J.J. Streamlining surgical
instrument counting: a matrixed multiple case study on the fidelity of weighing systems in the
operation room.

Abstract

Background: Many technologies have been developed to aid in surgical instrument
counting, but wide adoption is rare. A technology that has been widely adopted around
20 years ago is the weighing scale. Lessons can be extracted from its sustainment
and fidelity and applied to the development and implementation of new laboursaving
technologies in healthcare.

Methods: We conducted semi-structured interviews with experienced staff in four
hospitals that use weighing systems in their surgical instrument cycle, which we
analysed according to the Matrixed Multiple Case Study (MMCS) methodology.
Hospitals were designated a low, medium, or high sustainment and fidelity score, after
which influencing factors were identified. These factors were categorised according to
the i-PARIHS domains of Innovation, Recipient, Context, and Facilitation. Within-site
analysis and cross-site analysis was performed to identify influencing factors
associated with a high or low level of sustainment or fidelity.

Results: All hospitals showed a high sustainment. Two hospitals showed low fidelity,
and two showed high fidelity. Twenty-one total influencing factors were identified,
divided among all i-PARIHS domains. All hospitals experienced similar limitations of
the technology, and all hospitals showed signs of facilitation efforts during the
implementation phase. In low-fidelity hospitals, interdepartmental coordination and
trust in technology were limited, in contrast to high-fidelity hospitals. A large and/or
complex surgical instrument inventory hindered fidelity of the weighing system.

Conclusions: 20 years after implementation, there is varying success concerning the
fidelity of weighing systems for surgical instrument counting. All participating hospitals
have adapted their workflow to the limitations of the technology in different ways.
Given the relative straight-forwardness of weighing scales as a technology, our
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findings underline the complexity of implementation processes, regardless of the
complexity of the innovation.

3.1.1 BACKGROUND

Surgical material counting is a labour-intensive task of operating room (OR) nurses.
For many years already, attempts are made to develop a technology that is able to
support or fully automate this job [1-3]. However, these technologies rarely get
implemented on a wide scale in hospital settings. Many of these developments don’t
leave the feasibility stage or are implemented in one hospital, after which
dissemination is halted [4-6]. Understanding the factors that influence implementation
and integration into clinical practice is essential. Engineers, clinicians, and
administrators looking to implement a new technology in their hospital organisation
could benefit from the lessons learnt from already existing technologies.

Around 20 years ago, in the Netherlands, weighing scales were introduced as a
solution to aid in instrument counting, aiming to limit human error and increase patient
safety [7]. A recent survey among all Dutch hospitals shows that around a quarter of
them have implemented a weighing system in their instrument lifecycle [8]. Weighing
scales are a straightforward technology but, according to the survey, they are not
always used in the way they were originally intended; to count surgical instruments.
This raises questions about the innovation’s implementation success and long-term
use.

Implementation science is a growing field in healthcare. While medical interventions
or treatments are mostly focused on evidence-based effectiveness, they will not be
effective if they are not implemented well. As such, implementation outcomes serve
as necessary preconditions for making desired changes in clinical or health service
outcomes [9]. A multitude of such outcomes have been described in the literature.
Proctor et al’s taxonomy of implementation outcomes provides a clear overview of
concepts: acceptability, adoption, appropriateness, cost, feasibility, fidelity,
penetration, sustainability [9]. Considering that implementation of the weighing system
took place around twenty years ago, early-stage implementation outcomes are not
relevant for this study. Penetration is not relevant as all investigated hospitals use the
innovation. Relevant outcomes for this late stage of implementation are fidelity and
sustainment. Both terms will be further explained below. See Figure 3.1.1 for a
schematic overview of these terms and the subsequent analysis.

The fidelity of an implemented practice describes the level to which the practice is
used as it was intended during implementation [9]. Many definitions of fidelity exist in
the literature, but the framework proposed by Carrol et al. will be used in this study
[10]. Carroll divides fidelity into several subcategories: content (the ‘active ingredients’
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of the intervention; or the knowledge the intervention seeks to deliver to its recipients);
coverage (whether the intervention is used for all procedures it was initially intended
for); frequency (whether the intervention is used as often as intended); and duration
(whether the intervention is used as long as intended). Sustainability or sustainment
is an implementation outcome that refers to the level of sustained use of the
innovation, and the integration of the innovation into regular workflows [9]. Rabin et al.
describes three stages of sustainment [11]: 1) Passage (a single event such as
transition from temporary to permanent funding); 2) Cycle or routine (i.e. repetitive
reinforcement of the importance of the intervention; organisational procedures and
behaviours); 3) Niche saturation (the extent to which an intervention is integrated into
all subsystems of an organisation). Passage indicates a low sustainment, cycle or
routine indicates a medium sustainment, and niche saturation indicates a high
sustainment.

Fidelity:

Content
Coverage
Frequency
Duration

Intervention:

_ === - > Outcomes

Weighing system Sustainment:

Passage
Cycle/Routine
Niche saturation

Evaluation of
implementation
fidelity and
sustainment

Analysis of factors
influencing
implementation
outcomes

Figure 3.1.1. Schematic overview of implementation fidelity and sustainment and the subsequent analysis of
factors influencing these outcomes.

In general, all hospitals use a similar instrument life cycle [12]: Starting at the end of a
surgical procedure, instruments are brought to a processing room, from which larger
batches of instrument trays are transported to the sterile processing department
(SPD). There, instruments are first grossly cleaned to remove blood, tissue, and other
material, after which they are manually scrubbed to further decontaminate them. Then,
instruments are placed in large automatic washers, where they are further cleaned
according to a strictly audited regimen. Cleaned instruments are then taken out of the
washers into the ‘clean zone’, where they are assembled into their respective
instrument trays. Fully assembled trays are then wrapped in a polypropylene wrap and
subsequently sterilised. Sterile instrument trays are kept in storage until they are

27



Learning from laboursaving technology already in use: Weighing systems

needed again for a surgical procedure. Generally, instruments are weighed at the end
of surgery and during assembly (after cleaning). The latter is then used as reference
for the next postoperative weighing procedure. Weighing stations can also be added
before start of surgery and when instrument trays arrive at the SPD (before cleaning).

The instrument lifecycle can be complicated, as large hospitals can manage over
100,000 instrument trays and 2.6 million instruments annually. Considering weighing
specifically, it is estimated that 5.9% of trays contain broken instruments, potentially
impacting their weight [13]. Furthermore, maintenance and repairs can alter an
instrument’s properties, exchanging its handle, or sharpening its cutting blade, for
example [14]. Similarly, instruments can remain in use for many years before being
discarded, given that the estimated lifespan of an instrument is 300-900 sterilisation
cycles [13]. This means that several iterations of the same instrument type can be in
circulation at the same time [15]. Lastly, variation of a few grams in a single instrument
is amplified in a tray that could contain a hundred instruments.

In this qualitative study we investigated several hospitals that use the weighing system
in their surgical instrument lifecycle, determining factors that influence the relevant
implementation outcomes of fidelity and sustainment. To structure the analysis and to
compare multiple hospital organisations, we used the matrixed multiple case study
(MMCS) methodology, as described by Kim et al. [16]. This methodology
encompasses nine steps of data collection, processing, and analysis, making use of
research team consensus meetings to limit subjectivity in the study’s findings.

3.1.2 METHODS

3.1.2.1 Data collection

This qualitative study was performed according to the COREQ checklist for reporting
of qualitative studies [17]. We conducted semi-structured interviews with OR and SPD
senior staff members with at least five years of experience in the current department,
in hospitals that use weighing scales in their surgical instrument lifecycle. Informed
consent for participation in the study was obtained from all participants. The study was
approved by the TU Delft Human Research Ethics Committee. Interview questions
can be seen in Appendix A. If possible, we recorded audio of the interviews, as well
as meeting notes when necessary.

3.1.2.2 Data analysis

We used the matrixed multiple case study (MMCS) methodology’s nine analytical
steps to analyse the interview data [16]. Consensus was reached on all steps by the
research project’s three team members (the authors), as well as four additional
research group members (see Acknowledgments). We determined the evaluation goal
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(step 1) to be to identify the way in which fidelity and sustainment differed across the
hospitals and which factors are of influence on this. Next, we defined fidelity and
sustainment (step 2) as respectively: how the current usage of the weighing system
compares to the intended use at the time of implementation (i.e. instrument counting
as a replacement for manual counting), and how the weighing system is integrated in
the instrument lifecycle and related processes.

We selected i-PARIHS’ domains [18] - innovation, recipients, context, and facilitation
— as relevant domains to categorise the identified influencing factors (step 3). We
examined the data on potential factors influencing fidelity and sustainment, as well as
categorising these factors according to the abovementioned i-PARIHS domains (step
4) by conducting a hybrid inductive-deductive content analysis approach [19] over
multiple coding rounds using ATLAS.ti (version 24.0) software.

We assessed fidelity and sustainment per site (step 5) by examining each site’s code
summary and exemplar quotes. To assess fidelity, we divided this concept into
subcategories as described by Carroll et al [10]: Content, Coverage, and Frequency.
While a fourth subcategory is described (Duration), the researchers agreed that this
category is irrelevant for this specific study, as the intervention (weighing) is intended
to be used ongoingly at the participating sites. We assigned a higher fidelity level to
sites that exhibited more characteristics of using the weighing scale for instrument
counting, and a lower level if the weighing system was implemented in the instrument
workflow, but did not contribute to the staff’'s knowledge whether all instruments are
complete after surgery. Code summaries, based on the aforementioned
subcategories, including exemplar quotes for each site were drafted by the main
researcher (AK), after which they were reviewed and refined by all project team
members. Review and discussion of the summaries of all four sites took approximately
four 45-minute meetings after which a final discussion took place to synthesise the
subcategory scores. Consensus was reached and each site was designated a final
fidelity score.

To assess the level of sustainment, we used Rabin et al’s three stages of sustainment
as a guide. A higher sustainment was assigned to sites that showed a deeper
integration of the weighing system into standard workflows, and where the weighing
process is considered “just the way things are done”. As in determining the fidelity
scores, reviews and discussions of the four sites’ code summaries were held, taking
around 45 minutes each. Consensus was reached and each site was designated a
sustainment score.

We then identified influencing factors per site (step 6), categorising them under the i-
PARIHS domains. Potential influencing factor descriptions were drafted based on the
above-mentioned code summaries. The summaries, factor descriptions, and exemplar
quotes were then reviewed by the whole project team and similar factor descriptions
were consolidated into one factor.
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We organised the data, being the assessed fidelity and sustainment and identified
factors per site into sortable matrices (step 7) using Microsoft Excel. Influencing factors
were laid out on the horizontal axis, and fidelity and sustainment on vertical axes. We
conducted a within-site analysis (step 8), determining whether a factor was ‘present’,
‘somewhat present’, ‘minimally present’, or ‘not mentioned’, based on the number of
times the concept surrounding a specific factor was discussed in aggregate reports
from the hospitals’ participants. To illustrate, one participant from a certain hospital
mentioning a concept two times was counted the same as two participants from the
same hospital mentioning the concept once. Aggregate reports were used in the
consensus meetings to limit complexity of the discussions and to allow for efficient
analysis and decision-making. Then, each factor was determined to be of enabling,
hindering, neutral, or unclear influence on implementation. Neutral factors were those
we found to have both an enabling and hindering influence. Like earlier in this study,
the frequency and type of the identified factors was initially proposed by the main
researcher, after which consensus was achieved through discussion sessions with the
whole project team.

Finally, we conducted cross-site analysis (step 9), assessing whether certain factors
or combinations thereof were present across multiple sites and whether these factors
were consistently present in higher or lower levels of fidelity and sustainment. As not
every factor was present at all sites or did not come up in the conversation, the
interview was finalised with an open question on whether the interviewee had anything
to add that was not discussed yet.

As a team, we decided that factors were associated with high/medium/low fidelity
and/or sustainment if they were at least somewhat present in all hospitals designated
as high/medium/low fidelity and/or sustainment.

3.1.3 RESULTS

8 interviews across 4 hospitals (two academic and two regional centres) were
conducted with key OR and SPD staff members. Both academic centres are equipped
with more than thirty operating rooms, comprising regular, paediatric, and hybrid ORs,
and perform mostly highly complex surgeries. One regional hospital has twenty
operating rooms, both regular and hybrid, and perform both regular and highly
complex procedures. The other regional hospital is equipped with five ORs, and
performs routine surgical procedures as well as paediatric cases. All hospitals
implemented the weighing system around the same period, approximately 20 years
ago, to aid in instrument counting. Across all hospitals, weighing stations are set up in
the OR and SPD, as well as the postoperative processing room in some cases. See
Figure 3.1.2 for a schematic overview of workflows.
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Figure 3.1.2 Weighing workflows across studied hospitals (Site 1-4). Each marker denotes a weighing
procedure. The location of the weighing system is denoted by the colour of the marker

3.1.3.1 Participants

All participants were part of senior staff, averaging 20 (7-36) years of experience in
the current hospital department, being either the OR or SPD.

3.1.3.2 Fidelity and sustainment score

The level of fidelity was split evenly across the participating hospitals, with two sites
having a high score, and two sites having a low score. As all hospitals showed similar
scores for the Coverage and Frequency subcategories, the research project team
agreed to differentiate the different hospitals based on their Content scores.
Sustainment was equally high among all hospitals, with all showing features of niche
saturation of the intervention; the third stage of sustainment according to Rabin et al
[11]. For this reason, factors influencing sustainment cannot be analysed in this study.
However, sustainment-related findings in some cases did have an influence on the
weighing system’s fidelity, see the ‘Adaptation of the innovation’ section in the
Discussion below.

Twenty-one total influencing factors were identified, categorised according to the i-
PARIHS domains of Innovation (7), Recipients (4), Context (5), and Facilitation (5).
Figure 3.1.3 shows these identified influencing factors by domain.
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i-PARIHS domain Influencing factor Site1 Site 2 Site 3 Site 4
(High fidelity) (High fidelity) (Low fidelity) (Low fidelity)

Innovation Variation in size and weight of instruments and materials
Soiling and/or moisture (on instruments)
Only unsterile instruments can be weighed -
Slim weight margins _
Limited flexibility in case of unexpected events during procedure N/m
Variation in tray wrapping paper N/m

Room for error in weighing process N/m

Recipients Experience / Knowledge of instrument tray contents
Attitude towards technology / Trust in technology
Interdisciplinary coordination / Trust in other people's work

Teamwork / Collaboration

Context Integration into IT subsystems
Large and complex instrument inventory
Large hospital / complex surgical procedures
Continually updated tray reference weight

Being able to weigh in the operating room

Facilitation Removal of additional materials from tray before weighing

Only certain surgical procedures require weighing N/m N/m

Limited consideration for weighing process during renovations N/m N/m

Addition of weighing stations N/m
+  Present Enabllng
+  Somewhat present Hlndenng
- Minimally present Neutral

N/m  Not mentioned Unclear/Neutral

Figure 3.1.3. Influencing factors and their presence and type of influence on the fidelity of weighing systems use
in surgical instrument counting

3.1.3.3 Key trends in influencing factors regardless of weighing system
fidelity status

Three factors in the i-PARIHS domain of Innovation, one factor in the domain of
Context, and three factors in the domain of Facilitation were relatively or strongly
present in all hospitals with similar influence, regardless of weighing system fidelity
status. They were the Variation in size and weight of instruments and materials, Slim
weight margins, Variation in tray wrapping paper, Integration into IT subsystems,
Removal of additional materials from tray before weighing, Determining own weight
margin, and Addition of weighing stations. These factors will be discussed below.

3.1.3.4 Innovation-related factors

All hospitals experience difficulties related to the weighing system itself. Especially the
Variation in size and weight of instruments and materials is a prominent factor with a
hindering influence: participants mentioned that instruments of the same type can
have slightly different shapes, sizes, and thus weights. Instrument tray wrapping paper
also presents issues in some hospitals, as a participant mentioned that the amount of
paper used depends on the preference of staff members. As a result, in hospitals with
high fidelity, participants noted the need for human interpretation of weighing results,
while participants in low fidelity hospitals place more emphasis on the variation of
instruments as a flaw.

“One large-basic tray is not the other large-basic tray. One hook is narrower than the other, or it has a
different handle.” (Participant 2-1, high fidelity)
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"We use these blue paper sheets in the trays. These days, they make some of these trays way too big,
or too high, they need more than one sheet. Some people use two sheets, but some people use one
and a half sheet. That's a difference of 5 grams." (Participant 2-2, high fidelity)

Slim weight margins were mentioned in all hospitals with a neutral to hindering
influence on weighing system fidelity. While these margins are easily exceeded
because of soiled or wet instruments, they cannot be increased, as some instruments
only weigh a few grams.

3.1.3.5 Context-related factor

Integration into IT subsystems is strongly present in all hospitals with an enabling
influence. In every hospital, the weighing system is connected to the electronic patient
file software. When a tray is weighed, it is automatically registered to its corresponding
patient file. This traceability is an important component of the weighing system’s
sustained use:

"Yes, you always have to weigh, otherwise it [the tray] cannot advance in the system." (Participant 1-1,
high fidelity)

"For the SPD, the weighing system is a very important track & trace system. By weighing at specific
moments in the process, we can accurately pinpoint where an instrument could have gone missing."
(Participant 3-2, low fidelity)

3.1.3.6 Facilitation-related factors

In all hospitals, Removal of additional materials from tray before weighing is strongly
present with a neutral or unclear influence. Excluding these items from weighing
necessitates a manual count. Also strongly present in all hospitals is Determining own
weight margin, with an enabling influence.

“Cups, kidney dishes, cables, and lids aren’t weighed. There’s too much variation in size and weight.”
(Participant 3-2, low fidelity)

“There’s certain items that we don’t weigh... kidney dishes, electrosurgery cables... Those are counted
like usual.” (Participant 1-1, high fidelity)

Hospitals in both the low and high fidelity group have added weighing stations
somewhere in their workflow, with an unclear influence on fidelity.

"The reason we weigh twice is because in the past, we found that certain trays' weights were often
incorrect.” (Participant 2-1, high fidelity)

3.1.3.7 Key trends in influencing factors in low versus high fidelity
hospitals

One factor in the Innovation domain, three factors in the Recipients domain, and three
factors in the Context domain showed trends possibly related to fidelity status, namely:
Room for error in weighing process, Experience / Knowledge of instrument tray

contents, Attitude towards technology / Trust in technology, Interdisciplinary
coordination / Trust in other people’s work, Large and complex instrument inventory,
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Large hospital / complex surgical procedures, and Continually updated tray reference
weight.

3.1.3.8 Innovation-related factor

The factor Room for error in weighing process is somewhat present in low fidelity
hospitals and minimally present in hospitals with a high fidelity, but with a hindering
influence in all cases.

“In the SPD, they use a height-adjustable table on which the scale is placed. If this table is adjusted,
the calibration of the scale is off. ... Such an incorrect reference weight occurs multiple times a day and
is very annoying.” (Participant 4-3, low fidelity)

3.1.3.9 Recipients-related factors

An important factor among OR nurses is their Experience / Knowledge of instrument
tray contents, being strongly present in all hospitals. In hospitals with a low fidelity, this
factor has a hindering influence, but in hospitals with a high fidelity, it has a neutral to
enabling influence.

Participants from low fidelity hospitals found that the weighing of trays did not
contribute to their knowledge of whether all instruments are complete. While
participants in high fidelity hospitals share this sentiment, they acknowledge the added
value of weighing.

2

“I know the contents of 200 different trays, so | already know if it's complete before weighing.’
(Participant 4-3, low fidelity)

"It is not for nothing, because you can really miss something. It's an extra check. Usually you get
confirmation, and sometimes rejection, then you have to find out what's going on. Yes, that's a good
thing." (Participant 2-1, high fidelity)

In low fidelity hospitals, the Attitude towards technology / Trust in technology is
minimally to somewhat present with a hindering influence, while in hospitals with a
high weighing system fidelity, it is strongly present with an enabling influence.
Participants in low fidelity hospitals tended to see the limitations of technology in
comparison to manual counting, while participants in high fidelity hospitals tended to
see technology as a tool that supports them. However, interestingly, in both low fidelity
hospitals, participants from the SPD considered the weighing system a valuable
addition to their workflow.

"There will never be a technology that will replace manual counting in the OR. It will always remain a
manual process." (Participant 4-3, low fidelity)

“Yes, | count way less now. | hardly count at all anymore. Because | have seen... | have trust in the
system.” (Participant 1-1, high fidelity)

“For the SPD the weighing system is an important track and trace tool. By weighing at certain points in
the cycle we can pinpoint where an instrument might have gone missing.” (Participant 3-2, low fidelity)
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Another factor that differentiates low and high fidelity hospitals is the level of
Interdisciplinary coordination / Trust in other people’s work. This factor is strongly
present with an enabling influence in high fidelity hospitals, while it is minimally present
with a neutral influence in low fidelity hospitals. In one high fidelity hospital, a
participant mentioned the quick communication that was very standard for that
hospital. In low fidelity hospitals, this coordination was less visible. Instead, the
technology seemed to be used to alleviate a lack of interdisciplinary coordination:

“It has solved a lot of discussions.” (Participant 3-2, low fidelity)

“It doesn’t matter how a tray comes in... When it comes in, we weigh it, and that is our reference.”
(Participant 4-2, low fidelity)

3.1.3.10 Context-related factors

Large and complex instrument inventory is strongly present in low fidelity hospitals
with a hindering influence, while in high fidelity hospitals, this factor has a neutral to
enabling influence when somewhat present. Similarly, Large hospital / Complex
surgical procedures is strongly present in low fidelity hospitals with a hindering
influence, and minimally to somewhat present in high fidelity hospitals with a neutral
to enabling influence.

“Technology ... could work for focus clinics and regional hospitals, but here we only perform highly
complex surgeries, with many different trays... too many.” (Participant 4-3, low fidelity)

“We’re not very big, we don’t have many sets. So if you make some hours, generally speaking, you
know the contents of the trays.” (Participant 1-1, high fidelity)

An interesting factor that influenced weighing system fidelity was a Continually
updated tray reference weight. In high fidelity hospitals, the reference weight is
updated for each tray as it is assembled in the SPD. In low fidelity hospitals, there is
variation. In one hospital, the reference weight is only updated when a tray’s contents
are permanently changed:

“Another reason that weighing is not used for instrument counting, is because trays don’t always have
the same content, due to repairs or maintenance. But the reference weight stays the same... it's only
updated after a permanent change.”(Participant 3-1, low fidelity)

However, a participant from the SPD considered this an extra safety measure:

“It's an indication for the OR nurses that there’s something different about the tray... that they should
pay extra attention to counting.” (Participant 3-2, low fidelity)

In the other low fidelity hospital, the reference weight is updated for each tray.
However, in the OR staff’s experience, this is not always done:

“It starts in the SPD... the reference weight gets updated for each tray, but this is sometimes forgotten.”
(Participant 4-3, low fidelity)
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3.1.3.11 Influencing factors identified only for hospitals with high or low
fidelity

Two factors were identified in only high fidelity hospitals. They were the factors
Teamwork / Collaboration in the i-PARIHS domain of Recipients, and Only certain
procedures require weighing in the Facilitation domain. Two factors were identified
only in hospitals with a low fidelity status. They were Only unsterile instruments can
be weighed in the Innovation domain and Limited consideration for weighing during
OR renovations in the Facilitation domain.

3.1.3.12 Innovation-related factor

With a strong presence and hindering influence, the fact that Only unsterile
instruments can be weighed is deemed a major limitation of the weighing system in
low fidelity hospitals:

"If you can weigh earlier in this process, when the tray is still sterile, you might be able to use the weight
for counting instruments." (Participant 3-1, low fidelity)

3.1.3.13 Recipients-related factor

While Interdisciplinary coordination / Trust in other people’s work summarises the
coordination that occurs between departments, Teamwork / Collaboration
encompasses individuals working together. It is somewhat to strongly present in
hospitals with high fidelity, with an enabling influence.

3.1.3.14 Facilitation-related factors

One high fidelity hospital facilitated the weighing system by excluding complex surgical
trays from weighing. The influence on weighing system fidelity is unclear or neutral.

One low fidelity hospital renovated their OR complex in recent years. Even though
weighing was part of the process for many years already, there was limited
consideration for it during these renovations. Currently, weighing stations are placed
on a small shelf in each OR, where space to adequately weigh trays is lacking.

3.1.4 DISCUSSION

Nationwide, around one quarter of hospitals have a weighing system in place, initially
intended for surgical instrument counting. In this study, we examined factors
influencing the fidelity of these weighing systems across four hospitals. We found that
the fidelity level varied between hospitals, often with many factors influencing it. These
factors, whether innovation-related, recipients-related, or context-related, seem to be
closely related or dependent on each other, with facilitation-related factors taking a
central position.
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The weighing system as a tool to count surgical instruments is flawed, which is
highlighted by the widespread presence of hindering Innovation-related factors within
the i-PARIHS framework. Most importantly, all participants mentioned the variation in
surgical instruments. As hospitals in general can process over 100,000 instrument
trays on a yearly basis, it is unrealistic to assume all instruments are in similar
condition due to maintenance or repairs, or, in the case of a single type of instrument,
even of the same specification [13-15]. Variations of a few grams in a single instrument
are amplified in a tray that could contain a hundred instruments.

Due to these common issues with the innovation itself, efforts were made in all studied
hospitals to facilitate it. For example, each hospital determined a weight margin of
error based on their own instrument inventory and situation. Similarly, all hospitals
removed highly variable items, such as kidney dishes or cables from trays before
weighing to increase accuracy. These facilitation efforts were done to increase the
usability of the weighing system on the organisation-level (i.e. the hospital). However,
some facilitation efforts took place on the department level (i.e. the OR or SPD). Both
an OR and an SPD (in different hospitals) added a weighing station at the beginning
of their workflow as to be less dependent on reference weights determined at the other
department, as they were often found to be inaccurate. This highlights an
organisational complexity where interdepartmental coordination is limited. Rather than
holistically solving inaccuracies in the weighing process, each department, through
facilitation, takes steps to mitigate the effect of inaccurate weighing of the other
department.

The presence of an organisation-wide facilitator is an integral part of implementing an
innovation [20]. In the absence of organisation-wide facilitation efforts, more
inaccuracies in the weighing process occur, negatively impacting staff attitude towards
it. Where participants in high fidelity hospitals acknowledge the technology as a helpful
aide in their work, participants in low fidelity hospitals experience a more flawed
technology that does not contribute to their manual instrument counting. This is a
remarkable difference, since all hospitals experience similar issues relating to the
innovation itself.

3.1.4.1 Adaptation of the innovation

As stated earlier, weighing surgical trays to determine whether all instruments are
present is a flawed system. While some OR departments have found ways to make
use of the system, its value is not apparent in all OR departments. In SPDs however,
the weighing system is consistently deemed a valuable part of ‘track and trace’
systems on the instrument tray level. SPD participants mention that the various
weighing stations allow them to determine where an instrument tray currently is, and,
if an instrument is lost, pinpoint where it might have been lost. Thus, the weighing
system has been adapted to a different use-case which allowed for its sustained use
up until today. This shows that in some cases, in order to achieve a high sustainment,
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an innovation’s fidelity is reduced. This is in line with literature, where adaptation of
the innovation leads to long-term sustainment [21-23].

3.1.4.2 Lessons learnt for implementing future technologies

We have investigated a technology that was implemented in various hospitals around
twenty years ago. Several general lessons can be extracted from this long-term post-
implementation study, which are applicable to future implementation efforts of new
innovations.

First, we have identified many influencing factors across all four i-PARIHS domains of
Innovation, Recipient, Context, and Facilitation. These factors often relate to each
other or are interdependent on each other. To drive new implementation efforts, it is
essential to be aware of the presence of these factors. By using an established
implementation framework, influencing factors can be identified at an early stage,
allowing adjustments to the implementation process as needed.

Second, we have seen that as hospitals get larger and more complex,
interdepartmental coordination lags behind. When a technology is used across
multiple departments, a lack of coordination can leave procedural errors unresolved.
This results in a lack of trust in the technology among users. As the innovation studied
in this work was implemented around twenty years ago, we were unable to determine
whether a facilitator was present then. A designated facilitator could be helpful in
creating awareness of how specific procedures affect other users, as well as advocate
for the needs of specific user groups to decision-makers. For example, one
participating hospital renovated their OR department without providing a designated
space for the weighing stations in the new ORs, which lead them to be placed on a
small shelf that is inconducive to an efficient weighing process.

Third, despite using a similar weighing system, all hospitals adapted their workflow to
the technology in a different way. These adaptations, however necessary for local
implementation, hinder knowledge-sharing between organisations and thus broader
implementation of innovations. A collaborative approach among facilitators from
different organisations could improve knowledge sharing and reduce local variations,
improving innovation dissemination.

We do note that these insights were obtained from a qualitative study in a limited
number of hospitals. However, the current study already showcases a wide range of
practices which underlines our conclusions.

3.1.5 CONCLUSIONS

While novel developments might have a positive effect on the healthcare labour
shortage, implementing these developments warrants extended efforts. As our study
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shows, practices and sentiments diverge significantly even in the case of straight-
forward technology such as a weighing scale. Gaining an overview of the influencing
factors involved is essential to an efficient practice and positive user sentiments. For
this, large hospitals with a complex organisational structure could benefit from a
designated facilitator.
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Chapter 3: Learning from laboursaving
technology already in use

Part 2: DORA

This chapter was submitted to the Journal of Technology and Health Care on 15 December,
2025 as: Kooijmans, A.M., van der Elst, M., van den Dobbelsteen, J.J, (under revision).
NASSS framework evaluation of an implemented surgical equipment tracking technology in a
regional hospital.

ABSTRACT

Purpose Surgical equipment workflows can be complex and labour-intensive. Ten
years ago, laboursaving assistive technology was implemented in a regional hospital
in Delft, the Netherlands: the Digital Operating Room Assistant (DORA). The aim of
this study is to evaluate this innovation using the NASSS framework of implementation
success based on qualitative and quantitative data collection from users in the
operating rooms as well as technicians.

Major findings The different user categories have similarly neutral sentiments towards
DORA, as the innovation does not hinder their work, but also does not improve their
perceived efficiency as much as intended during development and implementation.

Conclusions Although the system’s limited technical complexity supported its
implementation success, its restricted functionality led to underutilisation of the
innovation. Rather than developing a technology for the full range of user needs in a
single solution, an effort to engage lower complexity levels could steer an innovation
towards successful implementation. By identifying chauffeured users early in
development, adjustments can be made to the Condition, Value proposition, and
Adopters domains of the NASSS framework to ensure implementation success.

3.2.1 INTRODUCTION

Surgical procedures often require a significant number of medical devices such as
infusion pumps, laparoscopy towers, and monitoring devices. In light of patient safety,
it is essential for the surgical team to know whether these devices function as
expected. A malfunctioning device may lead to adverse events during a procedure or
prolong anaesthetic time due to delays when a replacement is required.
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3.2.1.1 Laboursaving technology

Around ten years ago, in the Reinier de Graaf teaching hospital in Delft, the
Netherlands, the general workflow surrounding malfunctioning devices was as follows:
operating room (OR) staff must contact the equipment maintenance department, for
instance via phone or e-mail, to explain which device malfunctions and where it is
located so that a technician can be dispatched. Subsequently, the malfunction must
be noted in a central OR logbook to prevent duplicate reports. Other hospital
organisations may have similar processes. This workflow is labour-intensive. In
addition, it is impossible for the surgical team to know whether all devices adhere to
their planned maintenance interval.

To improve efficiency, a laboursaving solution was developed and implemented [1].
The Digital Operating Room Assistant (DORA) is a system developed with three
functionalities in mind: 1) to inform the surgical team on the functional status of
devices, such as infusion pumps or laparoscopy towers, in an OR; 2) to ease the
reporting of malfunctioning devices without requiring manual phone calls; and 3) to aid
technicians in locating the malfunctioning devices [2]. This is achieved by equipping
each piece of OR equipment (not including sterilisable instruments or other procedure-
specific materials) with a DORA module and each OR with a dashboard screen. The
module communicates with the dashboard using radiofrequency identification (RFID)
technology and uses RFID and infrared sensors to provide accurate location data. All
DORA-equipped devices are linked to a centralised database embedded in the
hospital’s equipment management system. In this way, OR staff can report a
malfunctioning device by pressing the report button on the device’s DORA module
(see Figure 3.2.1), which is then automatically sent to the technicians in the Medical
Instrumentation (MI) department. Subsequently, DORA’s dashboard screen changes
colour from green to red, indicating that a malfunctioning device is present in the OR.
The surgical time-out procedure was amended to include a check of this dashboard
status.

DORA has been in use for ten years. As new sensor technologies emerge, an
evaluation is warranted to assess whether the system is perceived to have contributed
to more efficient OR device workflows, and to identify potential areas of improvement
based on the perspectives of the specific user groups. The aforementioned three
functionalities of DORA development serve as a guide for the current evaluation.
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Figure 3.2.1 Overview of DORA system in the OR a. Dashboard screen showing that no faulty devices have
been reported in this OR. b. OR staff presses the error report button on a faulty device. c. Dashboard screen
shows that a faulty device has been reported in this OR.

3.2.1.2 Framework of evaluation

To evaluate the DORA system, we drew from the established NASSS framework
(Nonadoption, Abandonment, and challenges to the Scale-up, Spread, and
Sustainability of Health and Care Technologies) [3]. This framework considers seven
domains that can affect the implementation success of an innovation (see Figure
3.2.2), namely 1) the condition or problem it is intended to solve, 2) the technology
used in the innovation, 3) the innovation’s value proposition, 4) the adopters or users,
5) the organisation in which the innovation is (to be) implemented, 6) the wider system,
such as governmental policy, regulations, and public opinion, and 7) the embedding
and adaptation of the innovation over time. NASSS is designed to consider these
domains from a complexity perspective, meaning that the domains that contain the
most complexity are the most likely to require careful attention during implementation
efforts. Other frameworks, such as CFIR (Consolidated Framework for Implementation
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Research) [4] and DSF (Dynamic Sustainability Framework) [5] consider similar
domains and are perhaps more commonly used in healthcare implementation
research. However, in this case, NASSS is preferred as it is targeted towards the
implementation of technology, specifically.

7. Continuous embedding
and adaptation
over time

6. Wider system

5. Health / care
organization(s)
implementation work,
adaptation, tinkering

4. Adopter system 3. Value

staff . ¥ proposition
patient caregivers -

1. Condition
2. Technology

Figure 3.2.2 Schematic overview of the NASSS framework. Source: [3]. Reproduced with permission from
original author

3.2.2 METHODS
3.2.2.1 Study design

We used a quantitative and qualitative study design to evaluate the current use of the
DORA system according to the NASSS framework. We used a questionnaire with a
combination of validated and self-developed questions to address the unique issues
that are inherent to a technological innovation that has not been used in other
hospitals. We augmented survey data with inventory management database analysis.
Further insights were gathered from unstructured conversations with key stakeholders
that are currently involved in the use of DORA as well as those that were involved
during development and implementation of the system, ten years ago. We used the
SQUIRE reporting guidelines [6] in writing this article.

3.2.2.2 Ethical considerations

Approval from the Human Research Ethics Committee of Delft University of
Technology was obtained. Informed consent was obtained from participants prior to
starting the online questionnaire.

3.2.2.3 Setting

The study was performed at the Reinier de Graaf Gasthuis, a regional teaching
hospital in Delft that collaborates with Delft University of Technology on a regular basis
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to promote research, education, and innovation between the engineering and
healthcare sectors. In 2016, the Digital Operating Room Assistant (DORA) was
launched following development involving Reinier de Graaf Gasthuis, Delft University
of Technology, and a manufacturing partner.

3.2.2.4. Participants

Hospital staff working in the Reinier de Graaf teaching hospital in Delft that actively
use DORA in their routine activities were recruited for this study, including operating
room nurses, medical device technicians, surgical specialists, and department
managers. Recruiting occurred via short oral presentations during morning handover
meetings, via printed flyers linking to the digital questionnaire, as well as via e-mail by
contacting each department’s secretariat. Key stakeholders were identified based on
the research team’s own network, and were contacted direcily.

3.2.2.5. Data collection

A survey was developed in consultation with key stakeholders from the various
departments that use DORA (e.g., OR coordinator and technician team lead).
Stakeholders were identified from the researchers’ own networks and through a snow-
ball method, with stakeholders identifying other potential stakeholders as sources of
information. Baseline characteristics such as occupation and years of local experience
were collected. Data collection was based on the NASSS framework [3]. For the
framework’s condition, value proposition and adopters domains (system use and user
satisfaction), questions were based on customer satisfaction surveys (CSAT),
including overall satisfaction, perceived usefulness, decision-making, and frequency
of use. Department-specific sections were added to address system use experiences
unique to each department. Additional anonymous data on system use was collected
from the hospital’s inventory management system Ultimo (IFS Ultimo BV, the
Netherlands), such as the number of OR device error reports and reporting method
(via phone call or using DORA'’s error reporting functionality). The technology domain
was represented in the survey with questions relating to system quality (usefulness of
system features and functions, ease of use, reliability) and information quality
(relevance, legibility, format, and importance). Information on service quality (technical
support) was gathered during unstructured conversations with key stakeholders. The
organisation domain consisted of the structural and environmental context of the
hospital. The structural context, such as the nature (type and size) of the hospital,
culture, management structure and the environmental context, such as politics,
localisation, population were evaluated through conversations with key stakeholders
of the various departments that use DORA, and those that were involved in the
development of it.

The final survey consisted of 20 questions with answer options being multiple choice,
open ended, or on a 5-point Likert scale. All multiple-choice questions contained a free
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text input option to ensure participants could provide answers that were not
predefined. The survey was published online using Qualtrics XM version March 2025
(Provo, Utah, USA).

3.2.2.6. Data analysis

Statistical analysis was performed using Microsoft Excel and SPSS version 29.
Baseline characteristics of the study population, questionnaire results, and database
results were analysed using descriptive statistics (mean (SD), median (range),
frequency). P values were calculated using independent sampled t-tests, Mann-
Whitney U tests, and chi square tests to find statistically significant differences
(p<0.05) between professional roles and across years of local experience.

3.2.3. RESULTS
3.2.3.1. Study population

Approximately 132 professionals were invited to participate in the study, consisting of
120 OR staff and 12 Ml staff. In total, 50 questionnaire entries were recorded, of which
6 were incomplete and thus excluded from analysis. Of the 44 participants that
completed the questionnaire, 32 work in the OR department (26.7%), 9 work in the Ml
department (75.0%), 2 currently work elsewhere, and 1 is unknown. Average time to
complete the questionnaire was 15 minutes. Demographic characteristics of the
participants can be found in Table 3.2.1.

Table 3.2.1. Demographic characteristics of survey participants
(n=44) (continued on next page)

Department and role n (%)
Medical Instrumentation
Medical technician 8 (18)
Technician team lead 1(2)
Operating room (OR) department
OR nurse 9 (20)
Nurse anaesthetist 3(D)
Nurse anaesthetist/OR nurse | 1 (2)
Trainee OR nurse 1(2)
OR coordinator* 12
OR planner** 1(2)
Surgeon 49
Trainee surgeon 1(2)
Gynaecologist 8 (18)
Trainee gynaecologist 24
Urologist 12
Other
Clinical physicist*** 1(2)
Unknown 1(2)
Surgeon/researcher 12
Years local experience n (%)
0-1 year 49
1-2 years 6 (13)
2-4 years 5(11D
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4-10 years 8 (18)
10-20 years 10 (23)
20+ years 11 (25)

*is also a nurse anaesthetist (not counted under ‘Nurse anaesthetist’ role).
**is also an operating room nurse (not counted under ‘Operating room
nurse’ role).

***no longer works at hospital since November 2024.

3.2.3.2. Condition, technology, value proposition, and adopters domains

Error reporting workflow

Of the 32 participants working in the OR department, 25 (78.1%) shared their method
of reporting a malfunctioning device connected to DORA. Of these 25, 15 (60.0%)
report the issue directly to the OR coordinator. 4 (16%) press the designated ‘report’
button on the device’s DORA module. 3 (12%) participants both press the ‘report’
button as well as report the issue to the OR coordinator. Some remarks from
participants:

“I report to the coordinator and then press the button as well. This way the Medical Instrumentation
knows what is going on. The coordinator needs to know in case the next patient must be cancelled
because of it.” (Participant 5)

“It [the DORA module] doesn’t work more often than it does. That's why | also report to the coordinator.”
(Participant 7)

“In this way [reporting to the coordinator] you can be sure that it will be handled.” (Participant 14)

“If the battery [of the DORA module] is dead, you have to choose a different option anyway.” (Participant
31)

Other methods of reporting are: Delegate to OR nurse (n=2) and Call the Medical
Instrumentation department directly (n=1).

In the event of DORA’s screen being red (i.e., a device in the OR is reported to
malfunction), determining whether a surgical procedure can proceed seems to depend
on the given situation. Of 25 responses, 16 (64.0%) indicate that the whole surgical
team together decide this. 5 (20.0%) participants point to the OR coordinator and 3
(12.0%) indicate the surgeon, respectively. One participant stated that the OR nurses
usually make this decision.

Two participants have experienced a surgery being cancelled because of a device
reported to be malfunctioning through DORA. Usually however, the issue can be
solved and the procedure can continue. Of 26 responses, 21 (80.8%) have
experienced this. Common reasons mentioned: the malfunction was deemed to not
impact the safety of the procedure (n=6), the device was not required for the procedure
(n=5), a “phantom error” (n=2), and the device could be exchanged for a functional
alternative (n=1). One participant remarked that DORA was not green for a prolonged
period of time but cannot remember the specific device that caused it. Another
participant remarked that it could potentially go unnoticed due to DORA’s screen
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turning dark in Sleep mode, and that it sometimes gets confused with the air
management system’s screen, as it is located next to DORA’s screen and is also
green.

All error reports made to the MI department are logged in the hospital’s equipment
management software, Ultimo, see Figure 3.2.3. From the available data spanning the
past six years (starting August 15t 2019 up until the 315t of July 2025), a total of 1228
reports were made, of which 90 (7.3%) via DORA module report buttons. The rest
were made via telephone or e-mail. It should be noted that these reports not only
include DORA-equipped appliances, but encompass all error reports made to the M
department from the OR, including for instance facility-related reports. Year-on-year
(August through July), the number of reports both made via DORA modules and via
telephone or e-mail remain relatively constant, with the mean yearly reports being 15
(6-23) and 190 (163-234) for DORA reports and other means of reporting, respectively.

—o— DORA reports (excl. phantom reports) —@— Other reporting methods (telephone, e-mail)
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Figure 3.2.3 OR department error reports made to the MI department

Technician workflow

Of eight medical technicians, seven completed the technician workflow section of the
survey. Two technicians (28.6%) remarked that they are not tasked with fetching
malfunctioning DORA-connected devices from the OR department. Of the five that
are, the estimated time spent looking for such devices is between one and five
minutes. One technician mentions that OR staff makes sure that the device is ready
at a designated pick-up area, so no time is spent searching.

Service quality

The manufacturer of the DORA system is a committed partner in providing technical
support when necessary. However, due to changing circumstances in the availability
of RFID sensors, production of the current DORA tags will be ceased in the near
future. While the hospital purchased the remaining bulk of sensors to provide in-house
repairs and maintenance, a reassessment of sensor technology to be used in DORA
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is warranted. This evaluation study is an initial step in the reassessment of DORA’s
technology.

Based on stakeholder conversations, no educational programme is currently active to
educate new users on the use and functions of the DORA system.

User satisfaction

On average, DORA users are Neutral to Somewhat satisfied with the system (mean
score 3.36, SD 0.838). The mean satisfaction is similar among all role categories
(3.38, SD 0.619; 3.43, SD 0.852; 2.50, SD 0.707; 3.33, SD 1.000; 3.67, SD 1.528 for
the surgical specialist, surgical support, organisational, technician, and other roles,
respectively), as seen in Figure 3.2.4a. While surgical support and technician roles’
satisfaction is largely spread from Somewhat unsatisfied to Somewhat satisfied, with
35.7% and 33.3% being Neutral in these role categories, surgical specialist roles’
sentiment is mostly Neutral (68.8%). Looking across years of local experience (Figure
3.2.4b), mean satisfaction scores are mostly similar (3.25, SD 0.500; 3.67, SD 0.816;
3.20, SD 0.837; 3.13, SD 0.641; 2.70, SD 0.675 for 0-1 year, 1-2 years, 2-4 years, 4-
10 years, and 10-20 years’ experience, respectively). The 20+ years’ experience
category scores significantly (p <0.001) higher with a mean satisfaction score of 4.09
(SD 0.701), compared to a combined mean satisfaction score of 3.12 (SD 0.740) for
the other categories.
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Figure 3.2.4 User satisfaction across a. professional role categories, b. years of local experience

Participants working in the OR department were asked to rate their agreement with
the statement “DORA increases patient safety.” on a 5-point Likert scale. The mean
agreement score for all participants is 3.23 (SD 1.177), with the groups with 1-2 years’
experience and 20+ years’ experience scoring above average with 4.00 (n=4, SD
0.816) and 4.40 (n= 5, SD 0.548), respectively.

Perceived expertise

Participants’ perceived expertise varied (see Figure 3.2.5). Surgical specialist roles
showed least confident in their expertise of DORA, with at least 50% of participants
disagreeing with all three statements. In contrast, surgical support roles show greater
confidence in their perceived expertise. Similarly, technician roles show great
confidence in their perceived expertise of DORA. Interestingly, despite this confidence
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in both professional role categories, both surgical support roles and technician roles
score Neutral in their perceived knowledge of all strong and weak points of the system.

"l know exactly what DORA entails." Strongly disagree  Somewnhat disagree Neutral Somewhat agree Strongly agree
Surgical specialist roles (n=16) 18.8% 31.3% 12.5% 18.8% 18.8%
Surgical support roles (n=14) 7.1% 0.0% 14.3% 57.1% 21.4%
Organisational supportroles (n=2) 0.0% 50.0% 0.0% 0.0% 50.0%
Technician roles (n=9) 11.1% 0.0% 22.2% 0.0% 66.7%
Other roles (n=3) 33.3% 0.0% 0.0% 0.0% 66.7%
“l can explain DORA to a new colleague.” Strongly disagree =~ Somewhat disagree Neutral Somewhat agree Strongly agree
Surgical specialist roles (n=16) 50.0% 31.3% 0.0% 18.8% 0.0%
Surgical support roles (n=14) 7.1% 14.3% 14.3% 35.7% 28.6%
Organisational supportroles (n=2) 0.0% 50.0% 0.0% 0.0% 50.0%
Technician roles (n=9) 11.1% 0.0% 11.1% 22.2% 55.6%
Otherroles (n=3) 33.3% 0.0% 0.0% 0.0% 66.7%
“l know all strong and weak points of DORA.”  Strongly disagree  Somewhat disagree Neutral Somewhat agree Strongly agree
Surgical specialist roles (n=16) 50.0% 37.5% 6.3% 6.3% 0.0%
Surgical support roles (n=14) 14.3% 21.4% 42.9% 14.3% 7.1%
Organisational supportroles (n=2) 0.0% 0.0% 50.0% 0.0% 50.0%
Technician roles (n=9) 0.0% 11.1% 55.6% 22.2% 11.1%
Otherroles (n=3) 0.0% 0.0% 33.3% 33.3% 33.3%

Figure 3.2.5 Perceived expertise of DORA users across professional role categories

When looking across years of experience, perceived expertise increases as
participants are more experienced, with groups with two or fewer years of experience
Strongly to Somewhat disagreeing with the statements “I know exactly what DORA
entails.” and “l can explain DORA to a new colleague.”, while groups with four or more
years of experience Somewhat to Strongly agreeing with these statements.
Participants agreeing with the statement “I know all strong and weak points of DORA.”
only occur within more experienced groups: 10 participants with four or more years of
experience (34.5%) Somewhat to Strongly agree.

Relieving workload

All participants were asked to rate their agreement with the following statements:
“DORA makes my daily tasks more efficient.” and “DORA is counterproductive to my
daily tasks.” (see Figure 3.2.6).

“DORA makes my daily tasks more efficient.” Strongly disagree = Somewhat disagree Neutral Somewhat agree Strongly agree
Surgical specialist roles (n=16) 18.8% 6.3% 56.3% 18.8% 0.0%
Surgical support roles (n=13) 7.7% 30.8% 30.8% 30.8% 0.0%
Organisational support roles (n=2) 0.0% 0.0% 100.0% 0.0% 0.0%
Technician roles (n=8) 25.0% 0.0% 75.0% 0.0% 0.0%
Other roles (n=3) 33.3% 0.0% 0.0% 33.3% 33.3%
“DORA is counterproductive to my daily tasks.” Strongly disagree  Somewhat disagree Neutral Somewhat agree Strongly agree
Surgical specialist roles (n=16) 43.8% 6.3% 50.0% 0.0% 0.0%
Surgical support roles (n=13) 61.5% 15.4% 15.4% 0.0% 7.7%
Organisational support roles (n=2) 0.0% 50.0% 50.0% 0.0% 0.0%
Technician roles (n=8) 62.5% 12.5% 25.0% 0.0% 0.0%
Other roles (n=3) 66.7% 0.0% 33.3% 0.0% 0.0%

Figure 3.2.6 Workload relief sentiment across professional role categories
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Out of 42 responses, 9 (21.4%) indicate that DORA makes their daily tasks more
efficient, while 1 participant (2.4%) agrees with the statement that DORA is
counterproductive to their work.

Usefulness

A possible contributor to the sustainment of DORA is an optimistic sentiment towards
the usefulness of the technology, regardless of one’s own opinion. Out of 39
responses to this section of the survey, 17 (43.6%) indicated that DORA is useful for
them. 14 (82.4%) of them think that it is also useful for users in different departments,
while 3 (17.6%) think not. 10 (25.6%) respondents indicate that DORA is not useful to
them, but 6 (60.0%) of them think that other departments have more use for the
system. 12 participants (30.8%) (of which 9 (75.0%) from a surgical specialist role)
indicated that none of the statements applied to them. Figure 3.2.7 categorises the
responses across professional role categories.

Helpful for me, None of the
helpful for other

departments

Helpful for me, not
helpful for other
departments

Not helpful for me, Not helpful for me,

departments departments me

but helpful for other not helpful for other statementsapply to

Surgical specialist roles (n=14) 14.0%
Surgical support roles (n=12) 58.3%
Organisational support roles (n=2) 0.0%
Technicianroles (8) 37.5%

Other roles (n=3) 66.7%

0.0% 21.4%
8.3% 8.3%
50.0% 0.0%
12.5% 25.0%
0.0% 0.0%

0.0%
16.7%
0.0%
12.5%
33.3%

64.3%
8.3%
50.0%
12.5%
0.0%

Figure 3.2.7 Perceived usefulness of DORA across professional role categories

User suggestions

This section of the survey contained a free text entry asking for improvement
suggestions, resulting in many suggestions to improve the DORA system. The
suggestions can be categorized into fixes of current issues and improved or increased
future functionality. Notable mentions: longer battery life of DORA tags (n=3), increase
resilience of DORA tag housing (n=2), improve feedback after reporting a malfunction
(n=1), connect to OR planning to check whether devices can be borrowed from other
rooms (n=1). See Table 3.2.2 for a complete overview.

Table 3.2.2 User suggestions for improvements to the DORA system

Current issues

Increase battery life of DORA tags

Increase resilience of DORA tag housing
Improve feedback after reporting a malfunction
Location tracking outside of designated ORs
Search function for devices at planner’s office

Future functionality

Status indicator light instead of screen

Connect to OR planning to check whether devices
can be borrowed from other rooms

Broaden functionality to include instrument counting
Install DORA in storage rooms

Add user manuals and/or treatment protocols to
DORA
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Features that are deemed important to retain for the improved version are: colour-
coded device status insight during procedure time-out (n=7), reporting of malfunctions
(n=4), location tracking of devices (n=3).

3.2.3.3. Organisation, wider system, and embedding and adaptation over
time domains

The structural context of the hospital was studied through unstructured conversations
with key stakeholders (n=4) involved in the development of DORA ten years ago as
well as those involved in its current use. The Reinier de Graaf Gasthuis is a regional
teaching hospital with a strong collaborative connection to the nearby Delft University
of Technology, aiming to ‘close the gap’ between engineering and medical disciplines
in research and clinical practice. The hospital is made up of semi-autonomous clinical
departments (such as cardiology, surgery) combined with centralised MI and IT
management functions.

In the wider context, a growing awareness of the healthcare labour shortage increases
interest in laboursaving technology. After its launch, DORA enjoyed significant interest
from both domestic and foreign hospitals. NIAZ (now Qualicor Europe), the healthcare
accreditation institute in the Netherlands, marked the system as the new ‘best practice’
for medical equipment management.

Since its implementation, DORA has not undergone any major developments or
changes. This is reflected in some user suggestions wishing for DORA to be more
tightly embedded in the OR’s IT systems.

3.2.4. DISCUSSION

In this study, we evaluated the current use of DORA using the NASSS framework.
Whilst improvements could be made (discussed below), the system is a step forward
in reducing workload and potentially increasing patient safety. Overall satisfaction
across the three main professional role categories (surgical specialist roles, surgical
support roles, and technician roles) is similar. Our findings show that DORA in some
cases does increase workflow efficiency, but further improvements in this regard are
hindered by technical shortcomings and a lack of continuous development over the
years. While DORA was developed with both workflow efficiency and patient safety
improvements in mind, its effect on patient safety remains unclear. Several
mechanisms may underly these findings, which will be discussed below.

3.2.4.1. Technology

The first mechanism causing limited satisfaction or dissatisfaction with the current
state of DORA pertains to limitations in the Technology domain. Most mentioned is
the battery life of the DORA modules. Technicians remark that they often have to
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replace these batteries outside of a device’s regular maintenance schedule, costing
considerable time as the device’s location tracking does not function with a depleted
battery. OR nurses and nurse anaesthetists mention that the error report button on the
modules is unreliable because of it, moving them to report errors manually instead.
While replacing the battery with a longer lasting one might seem the obvious solution,
perhaps the wish exists to integrate a battery level indicator. However, adding such a
feature could add complexity and costs to the DORA modules.

Further friction is created in this domain by suboptimal user feedback. First, OR staff
mention explicitly that they prefer to phone the MI department versus pressing the
report button on a DORA module because the phone call gives them direct feedback
from a technician that the issue will be handled. Even though — when you press the
report button on a DORA module - an automated confirmation email is sent to you, it
seems that this does not provide users with enough confidence that the issue will be
handled promptly. Similar situations arise in the field of IT helpdesk automation. There,
the consensus formed that straight-forward issues, such as administrative requests,
can be resolved automatically, while more complex issues should be handled by a
human instead [7]. While it is unlikely that issues in an OR setting can be handled
automatically, different levels of human involvement can be considered. Furthermore,
regarding feedback, OR staff do not typically access their e-mail inbox during surgical
procedures, making it a suboptimal method of notification delivery. Focus groups could
provide insight into feedback preferences of the surgical support role user group.

3.2.4.2. Organisation

In the Organisation domain, OR staff mention that they prefer reporting the error to the
coordinator directly, or a combination of pressing the report button and reporting to the
coordinator, as they mention that the coordinator needs to know about the malfunction
as well as the M| department. While this feedback loop is already in place, as there is
a screen in the coordinator’s office that will show any DORA error in any OR, the
information it is able to convey remains limited. Straight-forward issues can be
resolved this way, but more complex issues require a more personal approach. For
instance, DORA is currently unable to show whether a device can be taken from a
different OR to be used instead of a malfunctioning device. Situations such as those
still require consulting the OR coordinator. Nonadoption due to (over)simplicity is a
common mechanism described in implementation science literature. For instance,
Papoutsi et al. investigated a telehealth solution for patients with heart failure and
showed that its standardised intervention clashed with patients’ multimorbidity [8]. A
scoping review by Abell et al. of 44 implementation studies showed that the most
common barriers to implementation success are that the innovation is not sensitive to
the complexity of practice, and that the innovation does not fit with workflows [9].
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3.2.4.3. Condition

Further implementation of DORA is limited as the Condition domain it is currently
targeting is quite narrow: a strict status overview of the equipment in a specific OR. As
some users suggested, further embedding DORA in the OR’s IT systems would allow
for broader functionality such as overlaying an ORs schedule and specific device
needs over the devices currently present. This would allow for more efficient
exchanging of devices between ORs without the need of manual coordination by the
OR coordinator. However, this would add complexity in the sense that integration with
the OR planning could mean DORA will be considered a medical device according to
the EU’s MDR, and as such would have to comply with its regulations.

3.2.4.4. Value proposition

The third mechanism is that the surgical specialist group is not a direct user group, but
rather a chauffeured user group. As DORA is implemented in the time-out procedure,
surgical specialists are required to acknowledge DORA’s status, but any errors that
arise are delegated to the surgical support group. A similar pattern was observed
during the pilot period in 2012-2013 [1]. While DORA was built on three pillars
(increasing patient safety, improving communication between OR and MI, and real-
time equipment location tracking), a direct effect on patient safety has been
difficult to assess [1] and thus champion, potentially leading to a belief among
specialists that DORA exists primarily as a logistical tool. According to May and Finch’s
Normalisation Process Theory (NPT), a collective sense of the technology in the
organisational setting and a shared vision of its potential are essential to successful
implementation of a new innovation [10]. This so-called ‘coherence work’ could be
compromised in this instance, as a large user group is uninvolved in its implementation
success.

Further research should be carried out among the surgical specialist role group to
determine when — according to them — patient safety is affected in the context of a
digital surgery assistant or OR information system, and whether it is preferrable to
nudge them towards direct use versus chauffeured use. Considering the NASSS
framework, the Value proposition domain is uncertain for surgical specialist users.
While in contrast, for surgical support users and technicians, the time savings of
automated error reporting and location tracking provide a significant value proposition.

While the above-mentioned mechanisms show that the current use of DORA could be
further optimised, it is important to acknowledge the positive effect DORA has already
established on OR workflows. OR-based users are very positive about the information
quality that DORA presents to them, with many participants wishing to keep the screen
and its colour-coded device status presentation. In addition, the number of error
reports has increased since the introduction of DORA, showing that the system can
provide an easy and efficient alternative to manual reporting via telephone. For MI-
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based users, DORA has improved registration of equipment malfunctions, as well as
improved communication with the OR department. While our questionnaire findings
do not necessarily show a negative sentiment towards DORA, conversations with Ml
stakeholders suggest that improvements to the system, mainly with regards to location
tracking functionality, are warranted. Such equipment tracking functionality is not only
helpful for OR equipment, but for equipment in all hospital departments.

3.2.4.5. Lessons for innovation implementation

While our findings are related to a specific technological solution implemented in a
specific hospital organisation, lessons can be extrapolated for other potential
laboursaving innovations. In developing technological solutions, complexity is easily
added. By specifically establishing desired functionalities, the risk of added complexity
is diminished. With DORA, for example, the developers limited scope and
‘embeddedness’ to achieve a core functionality. While this allowed for a relatively easy
implementation process, a continuous process of evaluation and adaptation would
have resulted in more significant improvements in workflow efficiency and patient
safety.

Another lesson learnt, albeit commonly known, is the complexity of healthcare
processes we encountered in this study, and how difficult it is to automate a certain
task. Some situations could be handled digitally with ease, but adequate user
feedback and the possibility to discuss an issue with a coordinator showed to be
essential in more complex cases. While laboursaving innovations often target an entire
workflow, an argument could be made for defining levels of complexity for the same
task, where straightforward situations should be handled by technology, while more
complex situations would remain to be handled manually, i.e. adaptive support [11].

Finally, we have seen in this study that a substantial number of intended users
(surgical specialists) are actually rather uninvolved in the use of DORA. It is important
to identify these chauffeured users early on in development, for instance during pilot
phases, as they could indicate that the scope and usability of the innovation is not the
same as intended.

3.2.5. CONCLUSIONS

A laboursaving technology was implemented ten years ago with the goal of increasing
patient safety and improving communication and workflows between the OR and Mi
departments. During development, deliberate efforts kept complexity low, allowing for
achievable implementation success. However, continuous developments and
adaptations to the system have fallen behind due to limitations in the NASSS domains
of Technology, Condition, and Value proposition, leading to an innovation that shows
potential but remains underutilised in practice. Fixing current issues and implementing
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future improvements such as adaptive support ensure the sustained use of the system
in the current hospital, as well as communicate the value proposition to other hospitals.
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Chapter 4: Development of standards of
practice in surgical instrument counting

This chapter was submitted to BMC Health Services Research on 6 September, 2024 as:
Kooijmans, A.M., van der Elst, M., van den Dobbelsteen, J.J., (under revision) Surgical
materials counting in Dutch hospitals: a comparison of protocols and procedures over time.

ABSTRACT

Background Due to a rising demand on healthcare and a growing staff shortage, there
is a need for labour-saving technology. Much research is being conducted on solutions
concerning surgical materials counting, but real-world application lags behind. To
guide further development and implementation of such technologies, a renewed
overview of current counting practice is presented.

Methods Between July and September 2023, an online questionnaire was distributed
to all Dutch hospitals to collect information on current counting protocols and standard
practices. Results were then compared to earlier, similar research from 2006.

Results 46 hospitals participated in our survey, of which almost all have a counting
protocol. While there is currently some variation in counting practice, compared to
2006, improvements have been made in standardisation, registration, and traceability.
Perceived high-risk situations have remained largely unchanged: staff change (83%
of respondents); acute/emergency situations (43%); hurrying/production pressure
(30%). Uncertainty in counting is increased due to inconsistent registration by staff
and a shared designation of responsibility for counting in protocols. A weighing system
is used by a quarter of hospitals, but its advantages are unclear, as half of them note
the system is unreliable.

Conclusion Surgical materials counting has become safer and more efficient in recent
years. However, some challenges concerning standard practice and designation of
responsibility remain. Technology has the potential to alleviate workload, but its
compatibility with current practice is essential for successful implementation. Further
research is needed to assess the effectivity of established technologies, such as
weighing systems.
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4.1 BACKGROUND

The Dutch healthcare system is under increasing pressure: an aging population will
cause more demand, while the labour force cannot grow with it [1]. A larger focus on
efficiency and process optimalisation highlights the importance of sustainable
employability. Technology has the potential to make care processes more efficient [2],
but implementation of such solutions lags behind.

One such process is surgical materials counting. During surgery, instruments, gauzes,
disposables, and sharps such as suture needles must be accounted for to prevent a
retained surgical instrument (RSI). While uncommon — RSls occur between 1-1000
and 1-10000 surgeries — it can lead to serious complications, reoperation, or even
death [3-5]. Intraoperative instrument tracking could support the operating room (OR)
nurses’ manual counting procedure. Such real-time insight is also useful for other
purposes: it allows for automated instrument tray optimalisation, preventive
maintenance [6], streamlined inventory management [7], and automated OR
scheduling through surgical phase recognition [8, 9].

Over the years, many solutions have been proposed to aid in surgical materials
counting. Examples include technological solutions such as data matrices (barcodes
and QR codes) [10, 11], weight sensors [12], radio-frequency identification (RFID) [6,
13], computer vision [14, 15], and robotics [16], and non-technological solutions such
as the SmartTray system [17], which uses special clamps to organise instruments.
While most of these solutions are occasionally used, no single solution has been
widely implemented. Developments often lack consideration for the complexity and
dynamics of an OR environment, being validated in a lab environment, or negatively
impacting current workflows.

It is essential for the development and successful implementation of instrument
tracking technologies to understand differences and similarities in practice among
healthcare institutions. The most recent overview of Dutch hospitals was published in
2006 by Meijsen & Meers [18]. In this study, it was found that surgical materials
counting was not yet established as a standardised practice, with limited protocols
existing.

The aim of this work is to give an updated overview of current counting protocols in
Dutch hospitals, including standardised procedures, use of counting tools and aids,
and perceived high-risk situations. Where possible, a comparison will be made with
the overview from 2006.

62



Chapter 4

4.2 METHODS

4.2.1 Design and development of the questionnaire

We collected hospital’s policies and standard procedures using a digital questionnaire
(Qualtrics; Provo, USA) in Dutch with both open-ended and multiple-choice questions.
Questions were based on Meijsen & Meers’ earlier study [18] to allow for comparisons
to be made. Formulations were updated based on our own initial observations of
counting practice, relevant literature, and current guidelines [19]. At the time, the
survey questions were formulated in consultation with operating room nurses and risk
managers of a medical liability insurance company. After updating the survey, expert
opinions from operating room nurses were obtained, and feedback was implemented.
The survey consists of several parts, each pertaining to the counting protocol of a
category of surgical material: instruments, gauzes, disposables, and sharps (with an
emphasis on suture needles), to allow for comparison to Meijsen & Meers’ study.
Following are some typical questions with their answer options in parentheses:
‘According to the counting protocol, who is responsible for the counting of gauzes?’
(Instrumenting nurse/Instrumenting and circulating nurse/Circulating
nurse/Surgeon/Other, ... [open field]); ‘What are high-risk situations that occur during
the counting of instruments?’ (open field); ‘According to the counting protocol, are
instruments counted in every surgical procedure?’ (Yes/No, exceptions are... [open
field]). Only information on a hospital’s policies and standard procedures was
gathered; personal data of individuals was not collected. During development of the
survey, it was decided to give respondents the opportunity to leave questions
unanswered. Completion of the survey takes around 50 minutes. As OR staff,
including management, works on a busy schedule, a requirement to answer each
question could negatively impact response rate. As such, the number of respondents
for each question varies. Four weeks after initial distribution of the survey in July 2023,
a reminder was sent to the original recipients. Two weeks after this, a second reminder
was sent.

4.2.2 Population

Participants were selected based on the following criteria:

e Inclusion criteria: Dutch general and academic hospitals with an operating room
complex.

e Exclusions criteria: Specialist hospitals and independent clinics were excluded.
Healthcare institutions with multiple locations were limited to one response, as
they might use the same protocol and exchange personnel.

In total, 71 surveys were distributed. To maximize response rate, they were addressed
to the head of the OR complex, or a team manager of the surgical department. This
person could fill in the survey themselves, or delegate to another person with adequate
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knowledge of the counting process. Informed consent was obtained from all
participants. The hospital’'s name was recorded to check progress and stored
separately from the survey data. All data analysis remained anonymous.

4.2.3 Data analysis

Survey data were processed in Microsoft Excel. Answers to open questions were first
divided into groups, where a balance between general and specific divisions was
sought. Comparisons were then made with frequency statistics.

4.3 RESULTS

4.3.1 Response

All 71 Dutch hospitals were contacted for this study. 46 of them (65%) participated in
the survey (see Table 4.1). All Dutch provinces are represented, as well as all seven
educational regions (in Dutch: Onderwijs- en Opleidingsregio). All Dutch academic
hospitals and 39 general hospitals participated. All surveys were completed by a
member of OR management.

Table 4.1. Respondents

Hospital description n (%)
General hospital 39 (85%)
Academic hospital 7 (15%)
Hospital size
1-5 operating rooms 5(11%)
6-10 operating rooms 13 (28%)
11 or more operating rooms 27 (59%)
Unknown 1 (2%)
4.3.2 Gauzes
Protocol

96% of respondents (n= 44) have a protocol in place for the counting of gauzes.
Responsibility for the counting process is described as follow: in 39% of cases (n=18)
only the scrub nurse is responsible, while 2% (n=1) assign this to the surgeon. The
rest (60%, n=27) shares this responsibility: 55% (25) hold both the scrub nurse and
circulating nurse responsible; 5% (2) adds the surgeon to this.

Counting
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Gauzes are not counted in all surgical procedures. Exceptions mentioned in protocols
are ophthalmological procedures; transurethral procedures, procedures with an
incision smaller than a specified length or no incision; when X-ray screening is
performed during surgery; at the surgeon’s discretion.

Gauzes are counted on the following occasions: opening new gauze packaging (98%,
n=45); closing hollow organs and body cavities (98%, n=45); closing of the surgical
wound (96% (n=44). In addition, 89% (41) mention gauzes are counted when the
scrub nurse changes, and 26% (12) do the same when the circulating nurse changes.
One hospital mentions the decision to count gauzes during staff changes is dependent
on the complexity of the surgical procedure. Among all participants additional counts
are performed if necessary.

Use of counting tools

All hospitals use tools to aid in the counting of gauzes. The most common tools are
double control labels on gauze packaging (96%, n=44); whiteboard (83%, n=38);
registration form (65%, n=30); a table on which to organise used gauzes (57%, n=26).
Other tools mentioned are plastic bags, gauze counting rack, and a specially
developed digital counting application.

Standard procedures

At the start of a new surgical case, it is important to check if no gauzes or packaging
labels from the previous case are still present in the operating room, for instance in
garbage bags. 70% of hospitals (n=32) specified in their protocol that this check needs
to be performed, with one half designating a specific person or role to this task.

98% of hospitals (n=45) have a standard procedure in the event of an unreconciled
gauze count. 93% of them (n=42) go through the following steps: inform surgeon >
wound inspection - check surroundings = X-ray screening - report incident. Other
procedures or steps mentioned: inform surgeon - surgeon decides further action;
inform OR planning. One hospital established steps to undertake when the surgeon
refuses to cooperate in reconciling the count.

4.3.3 Instruments

Protocol

89% of hospitals (n=41) have a protocol concerning the counting of instruments.
Responsibility is assigned as follows: 46% (19) scrub nurse, 46% (19) scrub nurse
and circulating nurse together, 7% (3) both operating room nurse(s) and surgeon
together.
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Counting

Instruments are not counted in all surgical procedures. Exceptions mentioned were
the same as those mentioned in the section on gauzes. 42 hospitals (91%) formally
register completeness of instruments after surgery. For this, the following methods are
used (multiple answers possible):

¢ Digital registration in the patient’s file with names of the team (n=40);

¢ Digital registration in the patient’s surgery report written by the surgeon (n=6);

e A physical registration form with the patient’s name, and team names and
signature (n=3).

Sometimes, specific instruments are needed that are not prepared beforehand. Usage
of these separately packaged instruments is always registered in 63% of hospitals
(n=29), while 9% (4) only register use when it is indicated. 26% (12) never register
this, and in 2% of cases (n=1) no mention is made in the protocol.

Counting methods

We asked how instruments are counted during an open abdominal procedure, as
these procedures — usually with a large surgical site - carry a high risk of retained
materials. Two main counting methods can be distinguished: 1) all instruments in the
tray(s) are counted (complete count) or 2) only the instruments that have been taken
out of the tray(s) are counted (partial count). We considered usage of a SmartTray or
weighing system to be a complete count, as all instruments are necessary for this.
74% of hospitals (n=31) employ a complete count, and 28% (14) use a partial count.
Some hospitals mention using both a complete count (using a SmartTray or weighing
system) as well as a partial (manual) count. In one hospital, instruments are not
counted. It is unclear whether an alternative tool, such as a SmartTray or weighing
system is used.

Varying levels of standardisation among counting methods exist. Generally speaking,
they are either performed according to specified procedures or to the experience and
judgment of the OR nurse. Complete counts are performed according to specified
procedures (74%, n=23), or according to the experience and judgment of the OR nurse
(26%, n=8)). Specified procedures include: the use of instrument tray content lists
(44%, n=10), use of the SmartTray system (18%, n=4)), use of a weighing system
(12%, n=3).

In partial counting, specified procedures such as preparing instruments in even
numbers are used. Partial counts are performed according to these specified
procedures in 57% of cases (n=8), and according to the OR nurses experience in 36%
(n=5). See Figure 4.1 for an overview of standardisation in instrument counting over
time.
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Figure 4.1 The standardisation of surgical instrument counting within Dutch hospitals now, compared to 2006.

Use of tools

89% of hospitals (n=41) use one or more tools for counting instruments. 24 hospitals
(52%) use content lists (physical or digital); 26% (12) mention the whiteboard; 24%
(11) use a weighing system; and 11% (5) use a SmartTray system. Of the hospitals
using a weighing system, three are academic hospitals. All hospitals using a
SmartTray system are general (non-academic) hospitals. One hospital mentions using
a specially designed mobile counting application.

Associations between technologies and practices

While counting practices vary across participating hospitals, no association was found
between these practices and the use of technology such as a weighing system (see
Table 2). Regardless of whether a hospital uses a weighing system or not in their
counting practice, the proportion of hospitals that perform a full count of all instruments
versus a partial count of only used instruments is the same (Chi-Square p = .221).
Similarly, the designation of responsibility for the counting is not significantly different
between the weighing and non-weighing group (Chi-Square, p = .868).

Table 4.2 Associations between use of technology in counting and counting practice.

Use of weighing system in counting practice p
Yes No
N (%) N (%)

Instrument counting method 221
Performing a full count of instruments 8 (80) 20 (59)

Performing a partial count of instruments 2 (20) 14 (41)

Designation of counting responsibility .868
Instrumenting nurse 5 (50) 14 (45)
Instrumenting + circulating nurse 4 (40) 15 (48)
Instrumenting + circulating nurse + 1 (10) 2 @)

surgeon
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Traceability of missing instruments

In case the sterilisation department misses an instrument, 80% can trace the
corresponding instrument tray to a specific surgery, including members of staff who
were involved. The most common method (89%) is a barcode system which links an
instrument tray to a specific patient in the electronic patient file. One hospital mentions
having access to a track & trace system, but it is currently not in use.

4.3.4 Disposables

Protocol

89% of hospitals (n=41) have included the handling of disposables in their counting
protocol. 39% of them (n=16) have drafted a list of high-risk disposables. 43% of all
hospitals (n=20) do not make such a distinction, and in 17% (8) it is unknown whether
such a list exists.

Responsibility for counting disposables is assigned as follows: scrub nurse (29%,
n=12); scrub nurse and circulating nurse together (66%, n=27); circulating nurse (2%,
n=1); scrub nurse, circulating nurse, and surgeon (2%, n=1).

Counting

89% of hospitals (n=41) count disposables in all surgical procedures they are used in.
The remaining 11% (5) mention exceptions, such as small incisions, or only counting
vessel loops.

98% (45) uses one or more tools to aid in counting disposables, including: whiteboard
(70%, n=32); registration form (41%, n=19); keeping disposable packaging (39%,
n=18). One hospital (2%) does not use any tools.

4.3.5 Suture needles

Protocol

93% of respondents (n=43) had dedicated a section of their counting protocol to the
handling of suture needles. In 35% (15), the scrub nurse alone is responsible for
counting; 60% (26) assign responsibility to both the scrub nurse and circulating nurse.
In 5% of cases (n=2), the scrub nurse, circulating nurse, and surgeon are responsible.

Counting

93% of hospitals (n=43) count suture needles in all surgical procedures. 7% (3) have
specified exceptions: small incisions, or specific procedures such as ophthalmological
surgery.
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Most hospitals (80%, n=37) use magnetic containers to aid in counting needles.
Storing material packaging is also often used (78%, n=36). Furthermore, foam blocks
(54%, 25), whiteboard (46%, n=21), registration form (35%, n=16), and use of a bowl
(26%, n=12) are mentioned.

4.3.6 Perceived high-risk situations

This was an open question that was asked for each category of surgical material. Due
to many similar results, the answers have been combined, removing duplicates. The
five situations mentioned most often were: Change of staff (83% of respondents,
n=38); Acute or emergency situations (43%, n=20); Hurrying, not caused by
emergency (30%, n=14); Multiple surgeons/specialisms/surgical sites involved in one
patient (22%, n=10); and Large number of materials to be counted (22%, n=10). See
Figure 4.2 for an overview of all high-risk situations mentioned by at least 10% of
respondents. A notable result is that concerning instrument counting, some hospitals
mentioned not having experienced any high-risk situations anymore since the
adoption of the SmartTray system.

o
X

10% 20% 30% 40% 50% 60% 70% 80% 90%

Change of staff

Acute oremergency situations

Hurrying, not caused byemergency

Multiple surgeons/specialisms/surgical sites involved in one patient
Large number of materials tobe counted

Distractions, disruptions, generalunrest in the OR

Large body cavities where gauzes or disposables can go missing
Leaving gauzes insitu (temporarily)

Varying degree of material use registration

Individually packaged instruments

Long duration of procedure

Unreliable counting system

Inexperienced OR nurse (limited knowledge of instrument tray or surgi cal procedure)
Impatientsurgeon

Converting to openprocedure

Suboptimal moment of counting (too early or too late)

Figure 4.2 Perceived high-risk situations related to counting of surgical materials, according to respondents. In
2006, the most commonly mentioned high-risk situations were: Change of staff; Ignoring guidelines or protocol;
Acute or emergency situations; Unexpected events or haemorrhage; Unknown instrument trays.

4.3.7 Responsibility for counting

As stated earlier in each surgical material category, responsibility for the counting of
materials is sometimes shared between several people or roles in the OR. 40
respondents clarified their hospital’s assigned responsibility for each material
category. 22 hospitals (55%) showed a uniform assignment of responsibility, meaning
that for each category of surgical material, the same person(s) or roles are established.
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In 18 hospitals (45%), whoever is responsible for the counting of each category of
material varies. See Figure 4.3 for a visual overview.

Gauzes Instruments  Disposables Suture needles

Instrumenting nurse
Instrumenting + circulating nurse
Circulating nurse

Surgeon

Instrumenting and/or circulating nurse + surgeon

Figure 4.3 Visual representation of sub-set of participating hospitals that use a non-uniform designation of counting
responsibilities of the four surgical material categories: gauzes, instruments, disposables, and suture needles.
Each horizontal bar represents a participating hospital

4.3.8 Comparison to Meijsen & Meers

See Table 4.3 for a comparison of current results to the results of Meijsen & Meers.
Figure 1 shows a comparison of instrument counting method in 2006 and now.

70



Chapter 4

Table 4.3 Comparison of Meijsen & Meers and current study

Comparable questions

2006 [18]

2023

Sign.*

Gauzes
Counting protocol present
Responsibility for counting solely on scrub nurse
Counted in all surgical procedures
Use of double control packaging labels
Preoperative room check established in protocol
Counted in case of scrub nurse change
Counted in case of circulating nurse change
Standard procedure in case of unreconciled count

Use of one or more tools

93% (n=59)
27% (n=55)
35% (n=58)
88% (n=59)
37% (n=59)
95% (n=59)
51% (n=59)
91% (n=44)
100% (n=59)

96% (n=46)
39% (n=44)
70% (n=46)
98% (n=46)
70% (n=46)
89% (n=46)
26% (n=46)
98% (n=46)
100% (n=46)

.589
212
<.001
.063
<.001
266
.010
152

Instruments
Counting protocol present
Responsibility for counting solely on scrub nurse
Counting method based on own judgment
Partial count
Complete count
Registration of individual instruments (always + sometimes)
Use of one or more tools
Tray contents established in protocol
Formal registration of tray completeness
Missing instrument able to be traced back to surgical

procedure

28% (n=58)
75% (n=20)
68% (n=59)
47% (n=59)
42% (n=59)
29% (n=59)
31% (n=59)
75% (n=59)
17% (n=53)
58% (n=55)

89% (n=46)
46% (n=41)
30% (n=31)
28% (n=45)
74% (n=45)
74% (n=43)
89% (n=46)
91% (n=45)
91% (n=46)
80% (n=46)

<.001
.033
<.001
.051
.001
<.001
<.001
.032
<.001
.017

Disposables
Counting protocol present
Responsibility for counting solely on scrub nurse
List of high-risk disposables in protocol
Counted in all surgical procedures

Use of one or more tools

5% (n=58)
2% (n=57)
17% (n=57)
30% (n=57)

89% (n=46)
29% (n=41)
39% (n=46)
89% (n=46)
98% (n=46)

<.001

<.001
<.001
<.001

Suture needles
Counting protocol present
Responsibility for counting solely on scrub nurse
Counted in all surgical procedures

Use of one or more tools

5% (n=58)
25% (n=57)
26% (n=55)

93% (n=46)
35% (n=43)
93% (n=46)
100% (n=46)

<.001

<.001
<.001

*Chi-square test
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4.4 DISCUSSION

The high response rate (65%) for this survey indicates that surgical material counting
is a relevant topic for many hospitals, regardless of care level, size, or location.

4.4.1 Protocol and registration

At the time of Meijsen & Meers’ research, there was limited standardisation in counting
practice among hospitals. Counting protocols usually only concerned gauzes,
registration was limited, and the method of counting was mostly left to the OR nurse’s
own judgment. Since then, major improvements have been made. 9 out of 10 hospitals
have implemented all categories of surgical materials in their counting protocol. These
protocols are also more extensive, establishing standard procedures, tray contents,
improving traceability, and recording use of individual instruments. Standardisation of
practice over the years has shown to reduce the risk of adverse events during surgery,
including the risk of a retained surgical item [20, 21]. For instance, Norton et al. [22]
started an initiative in Boston, USA, to review and improve hospital’s counting policies,
creating a more uniform counting practice, and reducing the number of count
discrepancies. Similarly, Gomes et al. [23] initiated a quality-improvement program in
Sao Paulo, Brazil, resulting in a substantial increase in compliance with best practice.

4.4 .2 Uncertainties

Currently, most hospitals assign responsibility for materials counting to multiple
persons. This shared responsibility was already common in 2006, even though in
principle it is impossible. In 1991, a verdict issued by the Dutch Medical Disciplinary
Board (Medisch Tuchtcollege) stated that primarily the scrub nurse is responsible for
the counting of surgical materials. [24] While the surgeon is ultimately responsible for
the surgical procedure, it is impossible for them to be aware of every action taken in
an OR, hence why they can delegate certain tasks — such as materials counting — to
qualified team members. Even though this argumentation has been embedded in the
Dutch National Operating Room Nurses’ Association’s (Landelijke Vereniging voor
Operatieassistenten; LVO) guidelines on surgical materials counting [25], it is
surprising to see such variation in practice. An unclear division of responsibility creates
uncertainty after an incident, as well as complicates potential implementation of
counting technologies.

Unchanged since 2006, the number one high-risk situation is the changing of staff
during a surgical procedure. While protocols and registration practice have vastly
improved in previous years, some report that team members follow these protocols to
varying degrees, leaving room for ambiguity in the counting process. Despite trainings,
audits, and other interventions, these variations in practice seem to occur across all
hospitals. However, this situation has greatly improved when compared to the situation
in 2006. Then, the second-most mentioned high-risk situation related to counting was
‘ignoring guidelines and protocol’, whereas this is not mentioned anymore in the
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current survey. When comparing these current findings with a meta-analysis on this
subject by Moffatt-Bruce et al., many known risk factors mentioned are also present
in our findings, for example: emergency operations, unexpected events during
surgery, changes of staff, and long duration of surgery [26]. Interestingly, while this
meta-analysis found some factors not to be associated to retained surgical items, our
findings suggest they are still perceived as ‘high-risk’. However, some factors are
mutually exclusive. In our survey, respondents often mentioned a large number of
materials to be counted as a perceived high-risk situation. Individually packaged
instruments are also a cause of concern. While the most-common risk factors
mentioned in our survey are unavoidable (change of staff, emergency situations),
attention needs to be paid to the third-most common factor ‘hurrying, not caused by
emergency’. Currently, the healthcare landscape is changing, requiring more
efficiency with the same number of resources. Maintaining patient safety in this
growing need for efficiency should thus be a top priority.

4.4.3 Counting tools

Before 2006, the adoption of counting tools such as registration forms or whiteboards
was mostly limited to the counting of gauzes. As other types of surgical materials
gained attention, advocacy for the use of counting tools for them increased. In Meijsen
& Meers’ study, the authors advocate the use of a weighing system to check the
completeness of surgical instrument trays; a technology that is relatively easy to
implement, resulting in increased safety and efficiency. Currently, a quarter of all
hospitals and almost half of all academic hospitals use such a system. However, its
effect on safety and efficiency is unclear. Half of current users say the device’s
outcomes cannot always be trusted, with reports of insufficient accuracy in small
instrument trays, retained tissue materials, and moisture. Furthermore, some hospitals
mention performing a manual count in addition to the weight check. While there is
limited literature on the use of weighing systems for instrument counting specifically,
there is some published work on the physical properties of surgical instruments in this
context. During routine use, instruments require maintenance and repair, which often
alters an instrument’s shape or weight [27]. Webster et al. discusses the similarities of
different types of instruments in the context of automated instrument identification,
finding a high weight variability in instruments with identical brand and model number
[28].

In contrast, the SmartTray system generates more positive feedback. In one glance,
OR nurses can see whether a tray is complete. Among study participants, this has
resulted in a noticeable decrease in high-risk situations regarding instrument counting.
In addition, participants mention that the amount of time it takes to check whether an
entire tray is complete is substantially lower compared to performing a full count of all
instruments. In an environment where practitioners are under substantial time
pressure [29], this is a significant advantage. While promising, all hospitals using this
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system are general hospitals, which often handle less complicated surgical
procedures with a more general, simplified inventory of instruments. Academic
hospitals, on the other hand, manage a more complicated collection of specialised
instruments, making the SmartTray system a less viable option.

4.4 .4 Future research

Based on the current study, we can conclude that over the years, significant efforts
have been undertaken to standardise the surgical counting practice, resulting in a
decrease in RSl risk. However, variety in practice still remains. Further research could
be performed to explore this current variety. For instance, how does the use of a
weighing system affect counting practice? Many hospitals use this technology, which
was introduced in Dutch hospitals around twenty years ago, but at the same time, a
large number of them are not satisfied with it. Opportunities exist for investigations into
the implementation and sustainment of such technologies over the years, potentially
extracting valuable lessons and best practices for implementing and sustaining future
counting technology developments.

4.4 .5 Limitations

This study’s survey questions were updated from Meijsen & Meers’ previous study.
There are no examples of similar surveys with an established reliability and validity.
While expert opinions were obtained to increase validity of the study, the survey is
aimed at hospital’s standard practices and protocols. It is not clear to what extent
hospital staff adheres to these standard practices. While both our study and Meijsen
& Meers’ work surveyed approximately half of the Dutch hospitals, Meijsen & Meers
used a different approach. A sample selection of 50% of Dutch hospitals was made,
all of which completed the survey. In our study, all Dutch hospitals were contacted,
but 65% responded.

There are some methodological limitations to this study related to the respondent
population. As OR staff and management works on a busy and unpredictable
schedule, we reasoned that requiring participants to fill in every question could result
in early terminations of responses. By allowing them to skip a question we believe we
increased the response rate, but at the cost of varying response rates between
questions.

4.6 CONCLUSIONS

Surgical materials counting is an essential process to ensure patient safety. Over the
years, increased standardisation and registration practice have further improved
safety. Tools are widely used to make counting easier and less error prone, as well as
improve traceability. Older, established tools such as instrument tray weighing
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systems warrant renewed analysis considering current sentiments regarding their
accuracy in practice.

Further improvements to the counting process can be made by eliminating uncertainty.
Clearly assigning responsibility is not only important for improving task awareness and
protocol adherence among staff; vague responsibility designations will hinder
implementation of potential labour-saving technologies.

Due to a rising demand for healthcare and the growing staff shortage, sustainable
employability will be an important topic. Technology might be a solution in this,
provided it is compatible with current practice.
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Chapter 5

Chapter 5: Legal considerations of
laboursaving technology in surgery

5.1 BACKGROUND
5.1.1 The potential of technology

The aging population is becoming one of the most significant issues of the current
time. While this increase in life expectancy, caused by advancements in modern
science and medicine, is a positive development from a humanitarian perspective, it
complicates the delivery of healthcare: the number of medical professionals cannot
grow with the increasing demand, putting significant strain on the system [1].

Technology is often considered a solution: robotics that assist in logistic processes [2],
Virtual Reality (VR) technology that can be used to more efficiently plan surgeries [3]
are examples of such laboursaving technologies. Similarly, clinical decision support
systems (CDSS) are key in improving healthcare quality, patient safety, and efficiency
[4]. By collecting and synthesising data from a variety of sources, the advanced
pattern-recognition capabilities of artificial intelligence (Al) can significantly accelerate
the usefulness of these systems.

An example of an environment that could benefit from a CDSS is the operating room
(OR). An OR is a complex and dynamic environment where many factors influence
workflow and surgical outcomes. Patient characteristics (historic or current), room
conditions [5] (air quality, temperature), medical device status [6], and surgical
instrument use [7] are some examples of such factors. While the interplay of these
factors is complex, impactful labour-saving technology does not necessarily need to
target complex aspects of clinical procedures. Often, repetitive or administrative tasks
are involved to ensure patient safety or traceability of materials.

5.1.2 The hidden complexity of counting

One example is the process of surgical instrument counting. Instrument counting is a
mission-critical manually performed task to ensure the patient’s safety during and after
surgery. The occurrence of retained surgical instruments (RSls) has been studied
extensively, with risk factors being identified such as interruptions and distractions in
the OR, working under time pressure, changing of personnel, and variability of
counting practice [8, 9]. Since counting is error-prone, this necessity takes up time and
attention from already scarce personnel.

For many years, attempts have been made to automate this manual counting with a
wide range of technologies, including data matrices (barcodes, QR codes) [10, 11],
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radiofrequency identification (RFID) tags [12, 13], cameras equipped with computer
vision algorithms [14], weighing scales [15], and even magnets [16]. Despite these
efforts, only a limited number of solutions have been implemented in clinical practice.
This emphasises that, apart from technical developments, other challenges slow down
or even prevent solutions from being implemented. One critical aspect is the
assignment of responsibility and liability for the task at hand, the insurance of a reliable
count.

The Dutch national guideline ‘Unintentional retention of surgical materials’
recommends that while the surgeon is ultimately responsible for the entire surgical
procedure, the instrumenting nurse is solely responsible for the instrument count.
Interestingly, our earlier research showed that in the Netherlands, two-thirds of
hospitals assume a shared responsibility for the counting of surgical materials in their
counting protocols. Often, both the instrumenting nurse and circulating nurse are held
responsible, with sometimes even the surgeon being included. See Table 5.1 for an
overview of the data.

Table 5.1 Responsibility for the counting of surgical materials as described in hospital’s counting protocols as
of 2023

Scrub Scrub and Circulating Surgeon  Scrub + Other
nurse circulating nurse circulating +
nurse surgeon
Instruments (n=41) 46% 46% - - 7%
Gauzes (n=44) 39% 55% - 2% 5%
Disposables (n=41) 29% 66% 2% - 2%
Suture needles (n=43) 35% 60% - - 5%

As each protocol is continuously evaluated and tailored to its organisation’s situation,
one can find various approaches across hospitals or even clinical departments. Such
variations hinder implementation efforts for novel labour-saving technologies, even in
the case of a straight-forward task such as surgical instrument counting. Harmonising
local policies across a larger context is preferrable for technology to have a better
chance of reaching widespread adoption [REF]. To be able to harmonise local policies,
it is necessary to assess the jurisprudence on which these policies are based. The
guideline ‘Unintentional retention of surgical materials’ references several legislative
and legal sources for their recommendations. However, a more in-depth assessment
of relevant jurisprudence and historical legal cases of RSIs could add to the discussion
and identify options for harmonisation. Relevant fields of law will be briefly introduced
below.
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5.1.3 Disciplinary law

In the Netherlands, most healthcare professions carry a protected title, requiring
registration in the BIG register for Professions in Individual Healthcare (Beroepen in
de Individuele Gezondheidszorg) [17]. They are required to uphold a certain standard
of care, as is described in their corresponding professional society’s guidelines. If this
standard is (possibly) compromised, a complaint can be filed with a Regional Medical
Disciplinary Board, which consists of legal professionals and medical experts. If the
complaint is justified, disciplinary actions may be taken, such as a warning, a
reprimand, a fine, or ultimately, removal from the BIG register [18]. Notably, the
Disciplinary Board cannot award any financial compensation for damages.

5.1.4 Civil and criminal law

If a complaint escalates to a conflict, civil law could be involved. Its goal is to resolve
conflict between people and/or organisations. From a medical perspective, civil cases
often involve patients seeking damages from care providers. If a criminal offence is
perceived to have been committed, criminal law is involved. The public prosecutor will
assess each case and determine whether there are grounds for prosecution. In a
criminal prosecution, consequences can involve a prison sentence.

5.1.5 Central liability

It can be difficult for patients to determine the right person to proceed against, given
the complexity of healthcare organisations. Legislators aimed to strengthen the
patient’s position by formalising the relationship between patient and caregiver with
the introduction of the Law on Medical Treatment Agreement (in Dutch: Wet op de
Geneeskundige Behandelovereenkomst, WGBO) in 1995. This law introduced central
liability (Article 7:462 Civil Code) [19]. Central liability relieves a patient from
determining who is exactly responsible in the event of a medical error, as the hospital
in which the treatment took place is always jointly liable for damages with the individual
caregiver, regardless of the caregiver’s employment position in relation to the hospital.
Each hospital has their own agreement with its medical staff on how this liability is
ultimately divided.

5.1.6 Alternative dispute resolution

Since introduction of the Healthcare Quality, Complaints and Disputes Act (in Dutch:
Wet kwaliteit, klachten en geschillen zorg, Wkkgz) [20] in 2015, Dutch hospitals are
required to employ an independently operating complaints officer (art. 15 Wkkgz), and
to be associated to a dispute committee organisation (art. 18 Wkkgz) (in Dutch:
geschilleninstantie). Alternative dispute resolution (ADR) was introduced to bridge the
gap between disciplinary law and civil law. Filing a disciplinary complaint (in Dutch:
tuchtklacht) is relatively accessible but does not lead to compensation for damages
(art. 47 Wet BIG) [17]. Civil law can lead to compensation [21], but filing suit is more
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costly and involved. With the introduction of the Wkkgz, this gap has been filled.
Dispute committees have the authority to grant damages up to a maximum of EUR
25.000 [20].

Not all incidents involving an RSI result in a legal case. However, the ones that did
can shed some light on our primary research question: What is the current designation
of responsibility and liability for surgical instrument counting? These findings will then
be related to the potential situation of an automated instrument count.

5.2 METHODS

For this study, we searched jurisprudence and relevant literature for cases involving
the following: a surgical procedure performed in an operating room by one or more
surgeons with the help of an instrumenting nurse, and the occurrence of a retained
surgical instrument (RSI). A surgical instrument describes any material or tool used
during a surgery, such as an artery clamp or a sterile gauze. In addition, the
proceedings should discuss responsibility and/or liability of the RSI. Legal references
used in the national guideline ‘Onbedoeld achterblijven operatiemateriaal’ were used
as a starting point, from which a snowball method was used to find earlier publications.
Dutch medical trade journal Medisch Contact regularly publishes noteworthy
disciplinary cases. Previous editions going back to 1945 have been digitised on their
website (www.medischcontact.nl). To find more recent legal cases, several databases
were searched between June 2024 and January 2025 using keywords ‘surg*’ and
‘retained’: Dutch Ministry of Justice (www.rechtspraak.nl) (civil and criminal cases),
Dutch Medical Disciplinary Board (www.tuchtrecht.overheid.nl) (disciplinary cases),
ANWB Civil Damages (in Dutch: Smartengeld)(civil cases) (www.smartengeld.nl), and
the database of the Medical Alternative Dispute Resolution Committee (in Dutch:
Geschillencommissie Zorg) (www.degeschillencommissiezorg.nl).

5.3 RESULTS

In total, eight cases were found that concerned an RSI after a surgical procedure in
an operating room performed by one or more surgeons with assistance of an
instrumenting nurse. In five cases, the main point of discussion was to determine
whether the surgeon was responsible for the occurrence of the RSI. In two cases, one
disciplinary case and one criminal case, the main point of discussion was not who was
responsible for the occurrence of the RSI, but rather whether the surgeon’s actions
were adequate after learning of the RSI. See Figure 1 for a flowchart of searches and
results. The five relevant cases will be summarised below. The remaining three cases
will be summarised under ‘Supplementary cases’. Table 2 provides an overview of all
cases.
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Snowball method www.tuchtrecht.overheid.nl www.rechtspraak.nl ANWB Civil damages database Medisch Contact Geschillencommissie Zorg
2relevant 68 results 51 results 78 results 1result 13 results
4 relevant 3relevant 1 relevant 1 relevant 1 relevant

| | ! | !

2 Disciplinary cases 1 Civil case 1 Civil case 1 Disciplinary case 1 Dispute case
(2 filings each) 1 Criminal case (2 filings)

1 Disciplinary case
1 Civil case

l Removal of duplicates |

4Disciplinary cases | | 2Civilcases | | 1 Criminal case | 1Dispute case

Topic:
Is surgeon responsible for RSI?
5cases

Topic:
Were actions of surgeon post-RS/
adequate?
3cases

Figure 5.1 Diagram of search strategies and results. Six search strategies were employed, resulting in eight cases
concerning an RSI after a surgery performed in an operating room with one or more surgeons and assisted by an
instrumenting nurse. Of the eight cases, five contained the discussion of interest, namely whether the surgeon is
responsible for the occurrence of the RSI.

5.3.1 Disciplinary Law Decisions

Inspectorate for Healthcare v. Surgeon, hereinafter ‘Disciplinary Case 1’ [22]

On the 4™ of November 1985, a patient underwent gastric resection surgery. During
the surgery, the presence of a malignancy was suspected. The procedure was halted
to perform a pathological examination of lymph node tissue. Meanwhile, the operation
site was covered in surgical blankets. After the pathological results were negative,
surgery was resumed and completed as planned. During the surgery, a change of
instrumenting OR nurse took place. The starting instrumenting nurse had added two
arterial clamps to the procedure’s instrumentation, of which the second nurse was not
made aware.

Initially, the patient recovered well but was later readmitted to hospital with complaints
of persistent nausea, vomiting, and abdominal pain. Assessments revealed the two
arterial clamps had been left behind in the abdomen. Despite performing emergency
surgery to remove the clamps, they caused severe damage to the small intestine. The
patient died of sepsis on the 16t of December.

The healthcare inspector filed a complaint with the Medical Disciplinary Board arguing
that the surgeon did not provide adequate care. The Board decided that the
responsibility for ascertaining whether all instruments and materials used during
surgery are accounted for lies primarily with the instrumenting nurse, not the surgeon.
The Board argued that the surgeon should be able to concentrate solely on the
medical aspects of the procedure. As such, it would be an overreach for him/her to be
held liable for every detail of the operation. However, it is the surgeon’s responsibility
to make sure all team members are competent.
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Plaintiff v. Gynaecologist, hereinafter ‘Disciplinary Case 2’ [23]

In March 1998, a patient underwent an open gynaecological procedure to remove
uterine fibroid tissue. After discharge, she again presented with abdominal complaints.
Radiological assessment showed a foreign body in the right-side flank in the shape of
a cake server, a gynaecological tool commonly used during wound closure. An
emergency reoperation was performed to remove the 32 cm-long instrument.

The patient filed a complaint to the Medical Disciplinary Board, stating that the surgeon
did not adequately check the operative field before closing the wound, as well as failed
to check whether the instrument count was adequately performed. It turned out that
due to the size of the fibroid tissue, a second set of instruments had to be used, which
was not weighed and labelled before the surgery according to protocol. Additionally,
the wound was closed by a gynaecology trainee meaning the defendant did not handle
the retained instrument at all.

The complaint was ultimately rejected. In addition, the board commented that the
proceedings do not mean that the trainee should be reproached. Rather, it was
“beyond the scope of this Board to determine the boundaries of responsibilities of the
specialist-in-training and the instrumenting nurse.”

The plaintiff appealed the decision to the Court of Appeal. She argued the failure to
supervise the trainee and to enforce the counting protocol constituted a breach of
professional duty. However, the Court concluded that although the count protocol was
not fully observed, there was no evidence of deliberate misconduct or negligence from
both the gynaecologist and the trainee. Accordingly, the Court dismissed the appeal
and upheld the Disciplinary Board’s decision.

Plaintiff v. Surgeon, hereinafter ‘Disciplinary Case 3’ [24]

In December 2010, a patient underwent an elective gastrointestinal procedure, during
which a surgical gauze was retained in her abdomen. After undergoing a second
surgery to remove it, she filed a complaint against the surgeon, claiming that the
surgeon failed to adequately check the surgical site for retained materials. The
surgeon stated that an inspection did take place, however brief. The OR nurses had
made clear that there was no discrepancy in the number of gauzes before the surgery
and during closing of the wound.

The Regional Disciplinary Board rejected the complaint, stating: “While the surgeon is
ultimately responsible for the surgery and its outcome, this does not mean that he is
responsible for or should check every task that takes place in this context. Not only
would it distract from his primary task, it would also be impossible, as a part of the
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counting takes place outside the sterile field. The surgeon should not have to instruct
the experienced nurses to perform the counting according to protocol or question their
expertise.”

The verdict was appealed, with the patient arguing that the surgeon, as supervisor, is
ultimately responsible for the whole operation and thus responsible for the counting of
gauzes before closure of the wound. The Central Board rejected the appeal,
confirming the Regional Board’s argumentation and decision.

5.3.2 Civil Law Decisions

Aarts v. Nuboer, hereinafter ‘Civil Case 1’ [25]

The first known case concerning retained surgical materials in Dutch jurisprudence,
the Nuboer arrest from 1968 describes a cardiac operation carried out by an
independent surgeon, assisted by three doctors and an OR nurse. After the surgery,
it came to light that an injection needle was left inside the patient’s chest. An
investigation revealed that the needle had been unintentionally concealed inside a
reusable gauze during cleaning. The patient held the surgeon liable and sued for
damages.

The court established that it is the OR nurse’s job to keep track of all instruments and
other materials used during the surgery. For the surgeon to be responsible for the OR
nurse’s mistake, the nurse would have to be a subordinate to him. However, the
surgeon was independent, i.e., not employed by the hospital, while the OR nurse was.
Thus, the court decided that each member of the surgical team was a qualified
professional and responsible for their own actions, meaning the patient’s claim was
rejected.

The decision was appealed at the Supreme Court, which confirmed the court’s
arguments that the surgeon could not be held liable for the errors of his team
members.

Plaintiff v. Surgeon & Stichting Ziekenverpleging Aruba SZA, hereinafter ‘Civil Case 2’
[26]

In 2015, a patient underwent an elective gastric surgery (Nissen fundoplication) on the
Dutch constituent island country of Aruba. The surgery was performed by an
independent (self-employed) surgeon in an operating room of the local hospital, in
collaboration with an operating room nurse employed by the hospital. Insufficient care
was taken to check whether all instruments and materials used during the surgery
were complete. It turned out that a so-called Penrose drain was left behind in the
patient’s abdomen. A year later, another operation was performed to remove the drain.
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During this time, the patient was not able to work due to the severity of abdominal
complaints.

Both the surgeon and the hospital were defendant. During the court proceedings, it
was emphasized that according to the LVO guideline “Onbedoeld achterblijven
operatiemateriaal” (Unintentional retention of operative material) the surgeon is
responsible for the surgery in its entirety, but would not be held responsible for details,
such as instruments and materials counting.

However, the court mentions Article 6:76 of the Civil Code (Burgerlijk Wetboek), which
states that if someone makes use of the help of other persons in fulfilling a contractual
obligation, he is liable for the potential risk in a similar way as he is to his own [27].
This means that even though the instrumenting nurse made an error by not adequately
checking the completeness of the used materials, the surgeon is liable for the damage
caused by this error, even though the nurse may have acted independently of the
surgeon. The court stated that the professional guidelines could merely function as a
guide to determine who should ultimately carry these damages.

The court awarded the patient 20.000 Aruban florin (around EUR 10.000) in damages,
to be initially paid by the hospital.

5.3.3 Supplementary cases

The cases described above all centred around the discussion whether the surgeon is
responsible for the surgical instrument count. The following cases are centred around
different discussions: the first two cases are about whether the surgeon acted
adequately after an RSI was noticed.

Inspectorate for Healthcare v. Neurosurgeon, hereinafter ‘Disciplinary Case 4’ [28]

In September 2014, a neurosurgeon (the defendant) performed an operation on a ten-
year-old patient to remove a brain tumour. During closing of the surgical wound, the
surgeon was made aware a counting error had been made. The surgeon deemed it
improbable that a gauze could be left inside the wound, as did the scrub nurse and
circulating nurse. While the nurses continued to search for the gauze in the OR, the
wound was closed and the patient brought to the paediatric intensive care unit (PICU).
There, an X-ray was performed which showed a so-called “pattie” being retained in
the patient’s head. A pattie is a surgical gauze with a string attached to it to aid visibility
and to make it easier to remove. After discovery of the RSI the patient was reoperated,
and the gauze removed.

In this case, the discussion is not whether the surgeon is responsible for the counting
error. Rather, the discussion is focused on how the surgeon responded after it was
made clear that a counting error had been made. This again underlines the
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argumentation that while the surgeon is ultimately responsible for the surgery and its
outcome, he cannot be held responsible for every action taken by the OR team
members.

Plaintiff v. Surgeon, hereinafter ‘Criminal Case’ [29]

Between February and May 2009, a gastric surgeon did a procedure where he
removed a gastric band. Nearing end of surgery, the instrumenting nurse mentioned
that a gauze was missing. Surgeon briefly checked wound, and didn’t find it there,
instructed nurses to keep looking around the OR. Nurses asked to do radiograph to
find gauze in patient, but surgeon denied, said it couldn’t be there. At end of surgery,
nurses asked again, but surgeon refused. One week after surgery, patient was
assessed by surgeon, had swelling on abdomen. Surgeon said it was haemorrhage.
No mention was made of an incomplete gauze count in the patient’s medical record.

Surgeon was sued for wilfully causing bodily harm but was ultimately acquitted.

Complainant v. Hospital, Dispute Committee Hospitals, hereinafter ‘Dispute Case’ [30]

On the 2™ of April 2013, a patient with a psychiatric history underwent surgery due to
rectal carcinoma. Postoperatively, many complications occurred, resulting in
numerous admittances, painful drainages, and the dismissal of complaints due to his
psychiatric history. Finally, on the 12t of May 2017, an investigative endoscopic
procedure was performed by an independent provider, during which a foreign object
was found which was deemed highly likely to be a medical object left behind after an
earlier procedure. The patient initially filed a complaint with the hospital’s complaints
officer. But when this process did not resolve the situation, he filed a complaint with
the ADR committee, seeking acknowledgment and justification for his years-long
struggle. The committee decided that the hospital was liable for damages given the
likelihood of the retention after initial surgery and the dismissal of complaints for
multiple years. EUR 20.000 in damages were awarded to the patient.
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5.4 DISCUSSION

In this work, we studied the available Dutch jurisprudence and legal literature with the
aim of determining the allocation of responsibility and liability in case of an RSI. While
we found several cases where an RSI occurred, it should be noted that the incidence
of RSils is likely higher, as not all events lead to a legal dispute.

5.4.1 Common ground

In the legal cases described above, incidents occurred where an instrument or other
surgical material was retained inside a patient’s body. In almost all cases, the incident
was caused by a human error during instrument counting. Only the incident described
in Disciplinary case 1 was caused by a deviation from protocol through the addition of
artery clamps to the instrumentation without informing the second OR nurse of this. In
all cases, complaints were lodged towards the surgeon alone or both the hospital and
the surgeon.

5.4.2 Disciplinary law versus Civil law and ADR

While final decisions seem to vary among cases, a general line of reasoning can be
unveiled. Disciplinary cases are benchmarked on the hypothetical ‘good careprovider’
(in Dutch: goed hulpverlenerschap) as stipulated in article 7:453 BW [31], meaning
that as long as the defendant was thorough and acted in accordance with professional
standards, he or she is not at fault. As Disciplinary case 2 shows, it is not within the
Disciplinary Boards’ authority to determine where the responsibility of one practitioner
ends and the other begins.

Civil lawsuits and alternative dispute resolution are often the result of a deeper conflict
between the parties, with patients seeking compensation for damages. While the
verdicts in the described cases seem conflicting, a distinction can be made between
them: Before 1970, the Civil Code was based on legislation dating to 1838. In the
following years, the ‘New’ Civil Code was gradually implemented, with the relevant
Book on contractual law being implemented in 1992. Article 6:76 of this New Civil
Code was highlighted as a decisive ruling in Civil Case 2 [26], stating that assistance
of another person in the performance of an obligation results in the liability of that
person’s conduct in the same way as the debtor’s own [27]. As such, the ruling of civil
case 1 can be disregarded. While the operating room nurse is responsible for
performing the instrument count, the liability for any damages incurred due to a
counting error lies with the surgeon as well as the hospital in which the surgery was
performed.

While the hospital’s central liability is legally anchored in Dutch law [19], some
international cases of RSIs highlight the hospital system’s responsibility in other ways.
For instance, in 2023, a surgical ‘Alexis’ retractor — the size of a dinner plate - was
retained inside a woman’s abdomen for 18 months [32]. Initially, the New Zealand’s
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Auckland District Health Board claimed the nurse assisting on the surgery had failed
to exercise reasonable skill and care towards the patient. However, upon further
assessment, the retractor was considered too large to be lost and thus was not part of
the counting protocol. The initial claim was then retracted, and the hospital
organisation was reprimanded instead [33]. Only recently before, also in New Zealand,
a very similar case occurred, where the medical error was attributed to systemic issues
for which ultimately the hospital was reprimanded [34].

5.4.3 The position of laboursaving technology

With developments in surgical instrument detection and recognition technology
ongoing, it is not unthinkable that the task of instrument counting will be automated in
the near future. Considering the Dutch legal climate, a significant deviation from the
current situation would be unexpected. With the central liability of the hospital in which
the procedure was performed, the main pathway towards compensation for injured
patients remains. The surgeon’s liability, however, is more nuanced.

The current basis for the surgeon’s liability for damage from RSls is through article
6:76 BW, as he/she makes use of an assistant (the operating room nurse) [27]. The
use of an instrument counting device suggests a basis for liability through Article 6:77
BW: “If, in the performance of an obligation, a faulty device is used, the resulting
shortcoming may be attributed to the debtor, unless this would be unreasonable in
view of the content and necessary implication of the juridical act from which the
obligation arises, the generally accepted principles (common opinion) and other
circumstances of the situation.” [35] While the unless-clause in this article provides
judges room to consider each case individually, it is unclear what constitutes as
‘unreasonable’, as is illustrated in the highly-debated cases of the Miragelplombe [36]
and PIP breast implants [37].

A further point of discussion is the position of the operating room nurse in relation to
the technology: 1) the device replaces the OR nurse to perform the task and as such,
the device is used by the surgeon, or 2) the OR nurse remains an intermediary
between the device and the surgeon, interpreting the device’s outcomes and relaying
them to the surgeon. It can be argued that in both cases, the surgeon, ultimately, is
liable. However, it could also be argued that in the first situation, it is unreasonable to
attribute the shortcoming of a faulty device to the surgeon, as tasks originally
performed by an OR nurse probably fall outside the scope of a surgeon’s
responsibilities [24]. More likely, the second situation will occur, given the operating
room nurse’s professional societies’ stance on the use of technology during for
instance instrument counting [38]. In that case, the operating room nurse would be
liable for the use of the device through Article 6:77 BW, but subsequently the surgeon
would be liable for any errors the OR nurse makes through Article 6:76 BW.
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Another complicating factor is the fact that it is highly likely that laboursaving
technology will involve the use of Al. A system that collects data, integrates and
analyses it, and presents an outcome, creates a black box for its users (i.e. the
healthcare practitioner). Following the example of surgical instrument counting, there
is an increasing frequency of publications that use computer vision algorithms for this
purpose [39-41]. The assumption of liability in the case of Al-based devices is still a
point of discussion in the legal community [42]. The European Commission proposed
an Al liability directive (AILD) in 2022 [43], but has since withdrawn it due to a lack of
agreement among EU member states [44].

5.5 CONCLUSION

Following the study on Dutch legal literature and jurisprudence on the responsibility of
RSiIs in surgical practice, it is plausible that hospitals included a shared responsibility
in their instrument counting protocols to reflect the current situation, wherein the
instrumenting nurse is responsible for counting the instruments, but the surgeon as
well as the hospital are liable for any potential damage caused by a counting error.
This nuanced reality has implications for implementing laboursaving technology in
surgical practice, as responsibility and liability for the task to be automated may lie
with different persons. Harmonising these responsibilities and liabilities across hospital
organisations could improve implementation success of laboursaving innovations.
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Chapter 6: Discussion and Conclusions

6.1 The counting process

To implement laboursaving technology in a surgical context, understanding surgical
processes is key. Around twenty years ago, instrument counting was not yet
standard practice in many hospitals [1]. To formalise this practice and reduce the
risk of adverse events for patients, counting protocols were widely adopted and
expanded upon (Chapter 4). However, currently, variations in counting practice
persist, both in our observations (Chapter 2) and in the literature [2]. While exact
reasons for this remain unclear, this phenomenon could relate to what Goras et al.
describe as ‘resilience’ [3]: OR staff are often time- and resource-constrained, and
thus have to adjust their workflow to account for the requirements of specific
procedures or unexpected events. This time-constraint is reflected in our finding
that OR nurses would use supportive technology in the counting process,
specifically during the preparation phase and wound closure phase of surgery
(Chapter 2 and 3). This suggests that, while time-constrained, OR nurses prefer to
manually count their instruments during surgery itself. Our interviews suggest that
keeping an overview of the surgical situation is a major driver for this preference.

Ironically, automated instrument use detection in this phase of surgery would
provide the greatest efficiency gains on a wider workflow level. Knowing which
instruments are used when allows for advancements in surgical phase modelling
and thus automated OR planning, automated instrument tray optimisation, as well
as preventative maintenance of regularly used tools. The goal, then, is to develop
a system that can positively impact both pathways: alleviating OR nurses’ workload
during the preparation and wound closure phases of surgery, as well as detecting
instrument use during surgery without disrupting OR nurses’ preferred workflows.

6.2 The technology

While we have investigated some technologies more closely in this work, more
have been tested in the literature to aid in surgical instrument counting. The primary
challenge in implementing laboursaving technology that is scalable, lies in
balancing standardisation with adaptability to the surgical context. Guédon et al.
suggest that technology should provide ‘adaptive support’, where it is as
standardised as possible while allowing flexibility for context-specific variations [4].
Technologies that have been investigated for use in surgical instrument detection
and recognition often fail to strike this balance.

For instance, data matrices, such as barcodes and QR codes have been trialled in
surgical instrument management [5-7]. While highly standardised across a wide
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variety of industries, practical issues arise in a surgical context, where instruments
get soiled, sharpened, or repaired, reducing legibility of the matrices. An upfront
cost is involved in applying the matrices to each instrument in a hospital’s inventory.
More importantly, the technology requires instruments to be individually scanned,
making them poorly suited to a time-pressured surgical environment.

Radiofrequency identification (RFID) technology solves many of these issues, as a
receiver antenna can detect multiple RFID tags at the same time [8-10]. Upfront
instrument modification is more involved, as sensors need to be adequately affixed
to a large variety of instruments, but issues such as soiling or instrument
maintenance are mitigated. However, signal interference remains a challenge when
using RFID for intraoperative instrument use registration [11, 12]. Some hospitals
have adopted a workflow wherein each instrument is individually scanned [13].
However, this workflow poorly adapts to surgical reality. Alternatively, an enclosed
‘detection box’ could be considered: an instrument tray containing individually
tagged instruments are placed in the box, so that interference from outside sources
is eliminated [14]. While an effective intervention for determining whether all
instruments have been returned to their tray, this method does not allow for
automated intraoperative instrument use detection. Finally, the costs of attaching
and securing these sensors to a hospital’s entire instrument inventory, as well as
maintaining the RFID infrastructure are not yet clear [15].

Weighing scales similarly balance standardisation and adaptability. The
straightforward technology allowed for widespread adoption around twenty years
ago, with workflows being adjusted to accommodate the system. However, the
power of its adaptability (and thus its long-term sustainability) lies in maintaining an
up-to-date database of reference trays, which hospital organisations often overlook
(Part 1 of Chapter 3).

Moving further away from standardisation towards adaptability, computer vision
using artificial intelligence (Al) is currently a hot topic in the instrument detection
and recognition literature [16-20]. Using one or more cameras, these algorithms
can detect and recognise the shape and size of surgical instruments without the
need for modification. In theory, cameras could be placed over the instrumenting
table, allowing for sufficiently accurate real-time intraoperative instrument use
registration without interference of regular workflows [21]. However, maintaining
this accuracy over time, as instruments are sharpened, repaired, or replaced,
requires continuous updating and retraining of the recognition algorithm; a major
challenge we also currently see with weighing systems. Wide implementation is
labour-intensive, as each hospital requires its own algorithm training. While the
technology could significantly contribute to achieving accurate surgical phase
modelling, current algorithms are not yet able to distinguish large sets of
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instruments [18]. Given the rapid advancements of artificial intelligence in recent
years, however, this probably will not take long. The focus of achieving long-term
sustainable use should be, as with other technologies, to maintain the infrastructure
surrounding the system.

6.3 The user and hospital organisation

The technologies and processes that we investigated cover multiple hospital
departments and user groups, as instrument counting is not only important in the
OR, but also in the sterile processing department (SPD). In a similar fashion,
tracking of OR equipment such as infusion pumps and laparoscopy towers is of
importance for both the OR staff and the technicians of the medical instrumentation
(MI) department, among others. The different needs and preferences of - and
interactions between these wuser groups can affect the success of the
implementation and sustained use of technological innovations.

McKnight et al. investigated the components and measures of trust in a specific
technology [22]. In this paper, he makes a distinction between trust in people (i.e.,
other users), and trust in the technology itself. As the weighing system is a flawed
solution for instrument counting, a critical interpretation of its output is warranted.
However, we noticed that in low-fidelity hospitals, where instruments are weighed
but are still manually counted as well, trust in other users of the system was limited
as well (Part 1 of Chapter 3). Participants remarked that they would be able to trust
the system more if users in the other department would follow the weighing protocol
more accurately. As healthcare organisations are complex, the workflows targeted
by laboursaving innovations will likely cover multiple departments, and as such
interpersonal or interdepartmental trust is an important prerequisite for successful
implementation and sustained use of these innovations.

An interesting observation that potentially warrants further investigation, is that
while systems such as the weighing scales and DORA were implemented in
practice and embedded in surgical protocols, it could be argued that their use is not
normalised. In implementation science, the Normalisation Process Theory (NPT)
describes four components that are necessary for an innovation, or process, to be
normalised into practice (see Figure 6.1). When we put these components next to
our findings, it seems that cognitive participation is limited, given the absence of
interdepartmental coordination. This in turn diminishes collective action to improve
the system and reflective monitoring of these improvements. While not normalised
today, it is likely that these innovations were normalised during and shortly after
implementation, given the facilitation efforts at the time. Further research could
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deepen our understanding of the normalisation process and sustaining continued
improvements of technological innovations.

NPT Normalisation Process Theory

Figure 6.1 The four domains associated with the Normalisation Process Theory (NPT). Image
Source: https://www.cmce.org.uk/article/normalising-digital-transformation

6.4 Policy

In the previous section we discussed how user needs, preferences, and
organisational challenges influence the implementation of Ilaboursaving
technologies. In this section, we discuss the potential effects of wider policy and
law on it. As stated earlier, surgical instrument counting protocols have become
widely adopted and expanded upon over the years (Chapter 4). However, as we
have found, in two-thirds of Dutch hospitals, the responsibility for counting surgical
instruments is shared among multiple professionals (e.g., the instrumenting nurse,
circulating nurse, and the surgeon). In the 2006 report ‘Uitgeteld?’, Meijsen et al.
already warn of the potentially confusing effect of these local policy variations.
While it is unclear whether any negative consequences have arisen from them in
practice so far, in the interest of facilitating widespread adoption of laboursaving
innovations, harmonising these policy variations is recommended.

A potential reason these variations exist, we hypothesise, is due to the varying
outcomes of RSI cases in either disciplinary law or civil law (Chapter 5), with the
responsibility lying with the OR nurse, but the liability placed with the surgeon and
the hospital itself. Another possible explanation that some of our results in Chapter
4 have alluded to is team culture, where, in some hospital organisations, it has been
necessary to include all OR team members as being responsible for the instrument
count.
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Considering how instrument counting occurs outside of the sterile field and thus
outside of the surgeon’s field of attention, it would be unwise to assign responsibility
to them for this process. As we have also seen in the use of DORA (Part 2 of
Chapter 3), when a technology is not within the surgeon’s field of attention, cognitive
participation is low. Introducing automated instrument counting technology would
lead to similar situations. Therefore, responsibility for the performance of the
instrument count should be clearly assigned to the person(s) performing the count
themselves. In addition, the protocol should clarify that the surgical team as a whole
must be held responsible for creating an environment in which a thorough
instrument count can be performed.

Even so, challenges relating to the implementation of technology in this context
remain. At the time of writing, the official stance of the OR nurses’ professional
society (LVO, Landelijke Vereniging van Operatieassistenten) on the use of
technology during instrument counting rules out a complete automation of the
count: technology should be used as an aid in conjunction with, but not replacing,
manual counting [23]. While this perspective reflects professional expertise and a
commitment to patient safety, a growing labour shortage combined with a rapid
development of new technological innovations raises questions on how best to
reconcile automated and manual approaches. A constructive dialogue on their
respective strengths and limitations would be valuable in furthering this cause.
Often, expectations for the accuracy of technology are very high, whereas manual
counting is considered the standard practice even though discrepancies still occur
[24-26]. However, such discussions are complicated as data on the accuracy of
manual counting practices is limited.

Another complicating factor in this discussion is the legal position of the
laboursaving technology and its user. It is highly likely that artificial intelligence (Al)
will be involved in such innovations. While a physical tool can be easily
distinguished as a medical device, the same cannot be said for an Al algorithm.
Determining whether an adverse event was caused by human error or a device
malfunction will be increasingly difficult. In order to safeguard a robust pathway for
patients to seek compensation for damages following an adverse event, national
and international lawmakers need to provide clarity on the liability surrounding use
of medical Al, which is a challenge in itself [27, 28].

6.5 Conclusions

Implementing laboursaving technology in a surgical setting can be challenging.
Variations in surgical practice, on an individual, situational, and organisational level,
require thorough investigation into the feasibility of automating certain tasks.
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Furthermore, cognitive participation of the intended users is not only required during
the development and implementation phases, but especially in long-term use to
ensure the innovation remains normalised in practice. Finally, the emergent use of
artificial intelligence in laboursaving innovations demand clarity from legislators on
the assumption of liability when using such devices in a medical setting.
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Appendix A

Data collection form used in Chapter 2

General

Type of procedure:
Name according to planning sheet
RAGG:

ENT / Urology / Plastics / Robot/ Vascular / Gynecology /

Surgery

Elective/emergency:

Elective / Emergency

Instrument set complete according to
Combister:

Blue wrapping / Green wrapping

Missing/defect sheet filled in by
operation assistant:

Yes / No

Start & End incision time

Start: End: Duration:

Years of experience operation assistant:
In Reinier de Graaf:

Staff turnover during procedure?

Instruments

Counting performed in prep room with
2nd nurse:

Yes / No

Number of instrument sets according to
HIX:

Ad(dition of instrument sets during
procedure?

Time spent on returning instruments in
correct net:

Instruments returned in correct set
without aid of Combister list

Yes / No

Counting of needles

Needles counted in prep room (P) / OR
Initial (I) / addition (A) / removal (R) /
closing (C) count

Number of needles counted:

Time spent on counting (sec)?

Counted without distraction/interruption?
Yes / no —reason
Additional remarks:

A==

Counting of gauzes

Blood loss measured by weighing
gauzes?

Yes/no

Number of gauzes counted?
Location: Prep room (P) / OR

Initial (I) / addition (A) / removal (R) /
closing (C)

1. 2. 3. 4. 5. 6.
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Time spent on counting (sec)?

Counted without distraction/interruption?
Yes/no — reason
Additional remarks:

S E R N

108




Appendix B

Results of survey questions from Chapter 2

Survey questions (n) Frequency (%)
Do you count the entire surgical tray before
surgery? (18)
Yes 11 (61%)
No 7 (39%)
Do you experience an increased workload while
counting? If yes, which materials? (20)
Surgical instruments 12 (60%)
Gauzes 2 (10%)
Needles -
No increased workload 6 (30%)
What is the cause of the increased workload?
(13)
Number of surgical 8 (62%)
trays
No time-out/sign-out 2 (15%)
Emergency 3 (23%)
procedures
Can the current counting process be
reconfigured to be more efficient? If yes, during
which operative phase? (20)
Preoperative phase 7 (35%)
Intraoperative phase 2 (10%)
Postoperative phase 8 (40%)
No potential 3 (15%)

Would you be open to the use of adjunct
technology during the counting process? (15)

Yes

15 (100%)

No

During which operative phase would you be
willing to use technology? (13)

Preoperative phase 9 (69%)
Intraoperative phase -
Postoperative phase 4 (31%)
For which surgical material would you be willing
fo use technology? (15)
Surgical instruments 11 (73%)
Gauzes 4 (27%)
Needles -
What should the requirements for technology be
according to your perspective? (12)
Speed 8 (67%)
User friendliness 3 (25%)
Cost 1 (8%)

109






111



Dankwoord

Ik vind het altijd leuk als men vraagt wat voor werk ik doe, om vervolgens hun
verbaasde gezicht te zien als ik uitleg dat ik als medicus onderzoek doe aan de
Technische Universiteit.

Het is niet het meest voor de hand liggende carriérepad, maar wel één die bij mij
past. Zoals zo vaak het geval met belangrijke levensstappen, hangt deze van
toevalligheden aan elkaar. Op de vrije dagen tijdens mijn coschappen hield ik me
een tijdje bezig met het bouwen van een laparoscopie-box. Toevallig had ik niet
lang daarna een coschap in Delft, bij de kindergeneeskunde. En toevallig had ik
daar een gesprek met een kinderarts, waarin die box ter sprake kwam. Of ik even
bij Maarten van der Elst langs wilde gaan. Via deze weg wil ik Claire Woltering
bedanken, want zonder dat gesprek van een paar minuten had ik hier tberhaupt
niet gestaan.

Dan wil ik graag mijn promotor John van den Dobbelsteen bedanken. De vrijheid
die ik kreeg ervaar ik als een van de hoogtepunten van dit traject. Hoewel die
vrijheid het niet altijd makkelijk maakte voor jou als begeleider (lees: het op
inhoud beoordelen van juridisch literatuuronderzoek bijvoorbeeld), wist je het toch
altijd terug te brengen naar het grotere plaatje. Ik zal de congressen die we
bezochten ook niet snel vergeten.

Mijn andere promotor Maarten van der Elst wil ik net zo graag bedanken. Je no-
nonsense houding stimuleerde mij om mijn uiteenlopende onderzoeken duidelijk
en effectief te presenteren voor de groep. Als ik ergens vastliep wist jij altijd
iemand te noemen die me verder kon helpen. Maar het belangrijkste wat ik
meeneem is dat plezier maken minstens zo belangrijk is als hard werken. Dank!

Ik ben ook dankbaar voor de rest van de Medical Process Engineering groep:
Benno Hendriks, Teddy Vijfvinkel, Rick Butler, en Emanuele Frassini. Hoewel mijn
onderzoek soms ver buiten jullie expertise lag waren jullie vaak enthousiast, en
kon ik altijd rekenen op waardevolle vragen en opmerkingen die mijn onderzoek
beter hebben gemaakt.

Voor mijn eerste stappen in het doen van zelfstandig onderzoek wil ik Tim
Horeman bedanken. Toen ik als coassistent kwam aanwaaien kreeg ik gelijk veel
vertrouwen om de PoLaRS validatie-studie zelfstandig op te zetten. De bij vlagen
gecontroleerde chaos van het doen van onderzoek met menselijke deelnemers
heeft mij tot creatieve oplossingen gedwongen en daarmee mijn academische
ontwikkeling verder gebracht.

112



Dan gaat verder mijn dank uit naar Stichting Phoenix, voor hun vertrouwen om
financiering te verlenen voor dit project. Ik kan met volle overtuiging zeggen dat
de vrijheid die we hebben gekregen niet alleen het onderzoek ten goede is
gekomen, maar ook zeker mijn eigen ontwikkeling als zelfstandig onderzoeker.

De leuke collega’s van Kantoor 1 (en daarbuiten) zorgden voor gezelligheid
tijdens het werk. Ik kijk met veel plezier terug op de lunches waar gesprekken alle
kanten op gingen, behalve werk (meestal), de koffietjes, borrels, congresfeestjes
en sportdagen, ze zijn een belangrijk onderdeel geweest van mijn Delftse tijd.

Mijn bestuursgenoten van Young Medical Delta mogen niet onbenoemd blijven.
Als het onderzoek soms wat traag ging was het heerlijk om zo hands-on bezig te
zijn met het organiseren van thesis awards, hackathons en symposia. Waar de
Medical Delta steeds groter wordt, zal het altijd een kleine wereld blijven. We zien
elkaar!

Ook wil ik iedereen bedanken die verder aan mijn onderzoek heeft bijgedragen
als deelnemer aan één van mijn studies of als adviseur op de achtergrond. Alle
operatieassistenten, anesthesiemedewerkers, OK managers,
sterilisatieafdelingshoofden, technici, klinisch fysici, juristen, chirurgen, urologen,
gynaecologen en AlOS zijn essentieel geweest in het voltooien van dit werk. De
warmte en vriendelijkheid die ik overal tegenkwam en de tijd die men voor me
vrijmaakte wordt zeer gewaardeerd. Veel dank!

Mijn vrienden, ploeggenoten, oud-huisgenoten, schoonfamilie en alle anderen,
jullie interesse in mijn onderzoek deed me altijd enorm goed. Maar ik genoot nog
meer van alle momenten waarop het juist over hele andere dingen ging.

Dan wil ik nog mijn familie bedanken, met in het bijzonder papa en mama, voor de
onuitputtelijke support in mijn uiteenlopende en soms vergaande ambities, altijd.

Ik eindig natuurlijk met mijn lieve vriendin, Zeynep. Je hebt mijn reis door dit
project, met alle ups en downs, van dichtbij meegemaakt. Elke kleine
overwinning, als ik bijvoorbeeld een nieuwe onderzoeks-deelnemer had gestrikt,
vierde je met me mee. Maar een PhD is ook moeilijk, en op die momenten kon ik
altijd op je steun rekenen. Hoewel het onderzoek eigenlijk nooit af is, zorg jij
ervoor dat we samen genieten van de momenten waarop werk even stilstaat. Dat
waardeer ik enorm.

113






115



116



Curriculum Vitae

16 November 1993 Born in Zwijndrecht, the Netherlands

2005 — 2011
2012 - 2018
2018 — 2021
2021 — 2025
February 2026

Preparatory scientific education,
Regionale Scholengemeenschap ‘t Rijks, Bergen op
Zoom.

Bachelor Medicine,
Leiden University

Master Medicine,
Leiden University

PhD Candidate, Dept. of Biomechanical Engineering,
Delft University of Technology

Junior doctor, Dept. of Surgery,
Haaglanden Medisch Centrum, Den Haag

117



118



JISNTONOD ANV NOISSNISIA :9 ¥ILdVHO ‘AYIDUNS NI
LdVHO ‘ONILNNOD LNIWNHLSNI TVIIDUNS NI I01LOVHd
MGVIU TV ADOTONHOIL ONIAVSHNOGY1 WO ONINYYI]
V8d LNIHUND :Z ¥ILdVHI ‘NOILONAOYLNI :} ¥3LdVHO




