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Technology-related Factors Contributing to Labour
Intensification of Surgical Production”

P. LYNNE JOHNSTONE

ABSTRACT  The late 1980s heralded the start of what is widely acknowledged as a period of
enormous technological change in surgery, particularly, but not limited to, minimum access
surgery either displacing conventional open surgical techniques or providing new opportunities
Sfor surgical treatments. This article discusses the main technology-related factors contributing
to the significant, but unanticipated, labour intensification of surgical production within oper-
ating departments—reasons that are not consistent with the pervasive theme of the techno-
economic literature that generally equates ‘new technology’ with automation, labour displace-
ment, work simplification, and the economic benefils accruing to an organisation.
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Introduction

The research findings reported in this article were among those of a larger study
that explored the process and organisational consequences of the adoption of new
surgical ‘artefact’ technologies (i.e. surgical instruments, biomedical machines,
and associated surgical materials) in the operative phase of surgical production
within operating departments in hospitals.1 Five key questions guided the inquiry.
One concerned the technical characteristics of these artefacts and their functional
roles in surgical production. The others concerned the reasons for their adoption,
the expected and actual organisational consequences of their adoption, and the
processes whereby the decisions are made to adopt them. Consequently, the
research explored various organisational structural aspects, including the work-
related consequences of new artefact adoption in surgery, of the surgical production
process within operating departments, and undertook a detailed study of six repre-
sentative, high volume surgical procedures in which new surgical artefacts were
employed during the 10 years to 1998.

*This research was assisted by postgraduate research funding from Macquarie
University, Sydney, NSW, Australia, and a special studies program grant from
Charles Sturt University, Bathhurst, NSW, Australia
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Throughout this article, the term surgical production refers to all of those activi-
ties that contribute to producing any diagnostic or therapeutic procedure under-
taken within the operating department (OD) of a hospital. It does not include
technologies employed in the related fields of anaesthetics or patient recovery. The
term surgical technologies refers to all artefacts, techniques and organisations contribut-
ing to surgical production. Surgical technologies are distinguished according to
whether they are employed during the course of the procedure (i.e. intra-operative
technologies), or before or after the procedure (i.e. perioperative technologies) .

The period since the late 1980s has been characterised by rapid increases in the
relative cost of the provision of health services. Both in Australia and overseas, this
has been largely attributed to the rapid growth in the availability and application of
increasingly complex medical technologies which are generally expensive to acquire
and operate.? These technologies, particularly in surgery, have resulted in significant
reductions in the length of time an individual spends in hospital and, therefore, in
the cost of the pre- and post-operative care component of an episode of care in a
hospital.® The high cost of new surgical technologies has resulted in cost shifting to
the OD but, despite the overall trend of rising health care costs, the inflation-adjusted
average total cost per surgical episode of care is reported to have been fairly steady.*

The author has reported elsewhere® the finding of the present research that signif-
icant increases occurred in the human labour input to surgical production within
ODs during the 10 years, but argued that the ‘real’ cost of these increases has not
been factored into the Australian Government’s cost estimations on which its conclu-
sions about ‘fairly steady’ surgical costs were based. These increases are evidenced
by both a 15.85% increase in the average operating time of all procedures (n =
30,345) and, hence, the direct (i.e. intra-operative) human labour input, and significant
increases in the volume of indirect (i.e. perioperative) human labour input to surgical
production within ODs. Changes in the latter were determined by studying six repre-
sentative high volume procedures that had undergone technological change during
the 10 years. Increases ranged from around 37% in the case of total knee replacement
to 130% in the case of hysteroscopy (i.e. endoscopic examination of the uterus)
employed as a complementary technology with diagnostic curettage of the uterus.

The present article discusses the main technology-related factors contributing to
the unanticipated intensification of the labour process, which derive principally
from:

. the enabling, not automating, characteristic of new surgical instruments and
biomedical machines;

. the phenomenon of alternative and complementary technologies: new surgical tech-
nology not necessarily displacing a pre-existing surgical technology;

. frequent, ad hoc, and often short-lived changes in surgical technologies; and

. increased volume, technical complexity and specialist characteristics of new
intra-operative artefacts.

Research Questions

The following two of the study’s five research questions yielded the data that have
been synthesised to present the findings reported in this article:

1. What are the dominant technical characteristics and functional goals of new
intra-operative artefacts adopted between 1988 and 1998?

2. What are the actual consequences for surgical production within operating
departments of new intra-operative artefact adoption?
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Theoretical Background

There is a strong manufacturing bias in the organisational literature on technologi-
cal change because most studies on the topic have been carried out in production
organisations, where the outputs are tangible as opposed to the service sector,
where what is produced is ‘intangible, impermanent or immaterial’.® On the one
hand, this could be viewed as problematic, but the very dominance of this literature
is indicative of the gap that exists on the topic of new artefact adoption in health
services and, in particular, in surgical production occurring within operating
departments.

This review of the literature commences with an historical snapshot of innova-
tions in medicine and then examines the concept of health care technologies. It
concludes with an examination of what the organisational literature has to say
about the dominant technical goals of new artefact technologies and the expected
organisational benefits of adopting them.

Innovations in Medical Care

Innovations in the diagnosis and treatment of illness are not unique to recent
decades or the twenty-first century, but pervade all cultures and periods of human
history. In our modern era, the volume of medical research and its accompanying
literature is evidence of the ongoing nature of medical experimentation and
changes/innovation in routine medical practice.7 From time to time, major discov-
eries changed the course of medical history. For example, Louis Pasteur’s discovery
of bacteria in the mid-nineteenth century founded the science of microbiology with
the ‘germ theory of disease’. The discovery of penicillin in 1928 by Sir Alexander
Fleming led to penicillin subsequently becoming the ‘big gun’ in the pharmaceuti-
cal arsenal for the treatment of bacterial infections.®

More recently, another significant medical milestone occurred in France. In
1987 a human gall bladder was surgically removed for the first time using a mini-
mally invasive technique known as a laparoscopic cholecystectomy, rather than the
established ‘open’ large incision approach.9 This event was the forerunner of most
of the subsequent changes in surgical technologies that constitute the focus of the
present research.

Health Care Technologies

Richardson’s broad definition of new technology in health care ‘as any change in
the method or organisation of treatment’'” is consistent with Macdonald’s generic
definition, which describes technology first in process terms—*‘the sum of all knowl-
edge, that allows things to be done’'’—and then in terms of the possible applica-
tion of something tangible, such as a machine, to the process.

The health economist, Doessel, distinguishes changes in medical technology in
terms of product and process innovation."* Both potentially have physical and abstract
elements. As his starting point, he uses Blaug’s 1963 definitions whereby process
innovations are ‘novel ways of making old goods’ and product innovations are ‘old
ways of making novelties’.!* Doessel limits his working definition of product innova-
tion to the creation of a new product or service for a medical condition for which
there was no prior product or service, and exemplified this with developments in
the treatment of end-stage kidney disease. He proposed that the advent of renal
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dialysis represented product innovation because there had previously been no treat-
ment available for the condition. However, he describes kidney transplants as a
process innovation because it represents a new and different way of treating end-stage
kidney disease. Hence, he regards ‘the product’ as the treatment of end-stage renal
disease, and it seems of no consequence to him that what he calls a process innova-
tion (kidney transplant) involves very different techniques, hardware and
outcomes.

More recently, Pusi¢ used Tushman and Anderson’s 1986 definitions when he
described ‘new process technologies as new ‘tools, devices, and knowledge that medi-
ate between inputs and outputs’,'* and changes in ‘product technologies as ‘new
products or services’, although not in Doessel’s restrictive sense.'?

Brewer did not use the terms ‘process’ or ‘product’ in her study of ‘technologi-
cal hardware’ used by nurses, but she, nonetheless, categorised new technologies
‘into two broad, but crude divisions within the hospital context’'® that closely paral-
lel Doessel’s definitions. Her first category ‘consisted of procedures and equipment
which attempted to facilitate an existing task, e.g. an electronic thermometer’'—
what Doessel would define as a process innovation. Her second category related to
technologies that performed ‘tasks which could not previously be done’’—a defi-
nition which is consistent with Doessel’s definition of a product innovation. However,
the issue of what constitutes a task (or a therapy) that could not previously be done
is a moot point, because Brewer'® exemplified this category with the electronic
foetal heart monitor. Was she unaware that foetal heart sounds have been, and still
may be, monitored (i.e. listened to and recorded) by nurses using a simple metal
foetal stethoscope and written records, or did she interpret the new electronic
device as producing a different product/outcome, and hence, it is categorically a
product innovation? If it is the latter, then there are subtle differences between
Brewer’s and Doessel’s interpretations on this matter.

Cognisant of these ambiguities, I elected to use Macdonald’s conceptualisation
of ‘technology’ as ‘the sum of all knowledge ..."" as my starting definition, and to
distinguish the generally acknowledged physical and abstract characteristics of
‘technology’ using Winner’s?* trichotomous classification (explained below).
Other classification schemes, such as Geisler’s?! physical, information, and knowl-
edge perspectives of technology, were considered in the course of my research, but
Winner’s approach was found to provide the most appropriate framework upon
which to build my description and analysis of surgical technologies. Winner®? categor-
ises tools, instruments, machines, and the like, as apparatus; skills, methods, and
procedures as techniques; and rational-productive social arrangements as organisa-
tion. However, I have substituted the term artefact (i.e. any physical ‘thing’) for appa-
ratus, because the current meaning of ‘apparatus’ is confounded by notions of it
being ‘a complex appliance’ or ‘an assemblage of instruments/machinery’,
whereas artefact refers to ‘an object made by humans with a view to subsequent
use’.?

Using Winner’s distinctions, the new instruments and related equipment that
facilitated the first laparoscopic removal of a gall bladder can be described as new
intra-operative artefacts, whilst the technology whereby a surgeon employs a new and
different way of dissecting tissue without requiring any new artefact, would be
referred to as a new intra-operative technique. Changes in the configuration of intra-
operative artefacts and/or the work arrangements of staff in an operating room
when new intra-operative artefacts are adopted would be referred to as surgical re-
organisation. All three represent technological change.
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Technical Goals of ‘Artefact’ Technologies

Zuboff observed that ‘throughout most of human history, work has inescapably
meant the exertion and often the depletion of the worker’s body’.2* However, since
the Industrial Revolution of the late eighteenth century, machines have ‘substi-
tuted for the human body in many of the processes associated with production and
so [have] redefined the limits of production formerly imposed by the body’.* In
short, the focus has been on mechanical devices applied to primary and secondary
industry production that are characterised by their capacity to complete tasks
quicker and with more consistent quality than a human worker.

According to Mathews, ‘mechanisation has been the principle source of techno-
logical change in the workplace over the past century’.?® Mechanisation automated
one or more of the processes that had previously been manufactured (i.e. made by
hand).?” Until the mid-1900s these machines were predominantly physically oper-
ated and controlled by workers.”® Workers’ tasks began to change with the intro-
duction of the mechanically sequenced assembly systems that represented the
second phase in the automation of machines—what Mathews refers to as hard auto-
mation. It was a phase of automation that was implicated in the diminished role of
the human worker in the control of machines, and was a predecessor of the
computer-controlled automated production. This programmable automation phase is
characterised by what Zuboff and others refer to as the informating of the automa-
tion process.? This phenomenon is often referred to as ‘machine intelligence’.*’
Service industries had been relatively unaffected by the technological changes
occurring in production industries until the advent of computer-based information
management and communication technologies, exemplified by various office
machines such as photocopiers that are now designed to automate complex photo-
copying tasks via their informating capacity.*!

Developments in computing technology have had a great impact on the design
and, hence, the functions performed by the diverse biomedical machines that have
been adopted by procedural specialists in recent years.?> However, the actual roles
of these machines, and the nature of the human-technology interface, are little
understood outside of the operating department.

Expected Organisational Benefits of New ‘Artefact’ Technology Adoption

It is generally regarded that developments in both automating and informating tech-
nologies have increased the output potential of the average human worker in terms
of increased output quantity, the production of new products/services that could
otherwise not be produced, and improved product/service quality.*® In so doing,
they have supported the achievement of an organisation’s mission and economic
objectives.

An organisation’s economic objectives are not necessarily dependent on the
application of artefact technologies, although it is likely that it will involve them.**
In many instances, new technologies substitute for technologies that are made
obsolete by the new. Richardson® refers to these as replacement technologies. They
are adopted because the new technology achieves a desired business objective,
such as improved product quality or less per unit cost.*® However, this is not
always the case. New technologies can provide a capacity to do or produce some-
thing new whilst not making existing technologies obsolete. The effect is to
provide either an alternative to an existing technology or a new product that will
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supplement or complement an existing technology or product.’” The present
research deliberately selected for study examples of innovations in surgery that
represented the replacement, alternative or complementary technology character-
istic. It concluded that the dominant reason for new technology adoption in
surgery is, typically, enhanced clinical benefit as opposed to the achievement of
economic organisational objectives that concern health services administrators.?®

Since the Industrial Revolution, artefact technologies and their associated tech-
nologies have also progressively replaced the relative demand for human labour in
production, thereby displacing human labour via their automating and/or informat-
ing capacities.” Even in 1776, Smith? acknowledged this potential when he
observed that machines ‘facilitate and abridge labour, and enable one man to do
the work of many’.*! In 1911, when Taylor promoted his scientific management
philosophy on the basis of its capacity to increase the prosperity of workers, he
strongly defended scientific management principles against allegations that
increased production efficiencies would ‘throw men out of work’.*? However, his
argument only held true as long as there was a market for the increased levels of
production.®® More recently, labour displacement has not been limited to production
industries but extended to service industries such as banking and business
services.**

Thomas came to the conclusion that ‘the idea of technology—and more specifi-
cally, the idea of automation as a labour-saving device—can itself become institu-
tionalised’,” so much so that modern organisations now assume in their new
technology adoption decisions that the costs associated with acquiring and operat-
ing the new machines will be recouped from the savings in labour costs and
increases in productivity, and that enhanced cost-efficiencies will be achieved.*®

Within health care, the costs and cost-benefits of adopting certain technologies
over alternative technologies have been studied extensively in relation to specific
technologies and their broader economic impact.’’ Gelijns and Rosenberg, for
example, proposed three distinct mechanisms by which technology may contribute
to rising health care costs: intensity of use, the introduction of new or modified
technologies, and expanded applications of new technologies. They posit that new
technologies need not increase health care costs but, rather, ‘the way in which a
new technology ultimately will affect costs depends on the manner in which it is
incorporated into the larger system of medical care—how the profession chooses to
use it and to modify it’.®

Generally, again, another long-standing assumption has been that when
machines replace human labour, the remaining human tasks are simplified and,
hence, workers require fewer skills. It is indisputable that from its inception as a
management technique, division of labour by task fragmentation simplified work by
comparison with the former structuring of work around the crafts, because employ-
ees were no longer required to have as many skills as craftsmen.*” This was a form
of deskilling. However, at the same time, workers were expected to become highly
skilled (such that they could work faster and at a consistent level of quality output)
at those tasks that they did perform. More recently, there has been the growing
realisation that much of the human work involved with complex machines, whilst
not physically depleting, is mentally demanding work and not necessarily less
skilled work.”

The skill requirements of a job are determined by many factors. Among them
are the knowledge required, ‘the difficulty of learning them or executing [the
tasks], their simplicity or complexity, whether they are repetitive or not, and
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whether they are well structured or ill-defined’’! along with the stability of task
characteristics. The present article uses the term technical complexity when referring
to these characteristics.

The main message of the empirical organisational literature concerning the
stability of task characteristics is that technological change generally occurs in a
planned, system-wide manner affecting entire departments, divisions or organisa-
tions. As previously described, the implementation phase of new technology adop-
tion may involve the concurrent operation of old and new technologies. But then,
with the exception of postimplementation adjustments in any of the three techno-
logical elements (i.e. artefacts, techniques or organisation), the period after imple-
mentation is usually stable insofar as there is likely to be a predetermined life cycle
of the technologies, during which time work will proceed in a fairly predictable

manner.52

Research Methods

The design of the research from which the conclusions presented in this article are
drawn was a collective case study. It employed a mixed methods, mixed methodology
approach that combined both inductive and deductive reasoning to draw its
conclusions. Its theoretical contributions were derived using the methods and
assumptions that are consistent with the naturalistic paradigm, which is the domi-
nant paradigm of the research. It also drew some conclusions using the methods
and assumptions of logical positivism that have important practical implications for
the management of operating departments in Australia.

Quantitative data drawn from organisational records, such as registers of surgi-
cal procedures and OD staff rosters, combined with an observational time study of
direct and indirect labour input to surgical production, led to the conclusion that
significant increases occurred in the human labour input to surgical production
within ODs during the 10 years to mid-1998.%

The data collected to provide an explanation for these increases, discussed
herein, were qualitative in nature, and derived from formal interviews, informal
conversations, and direct observations of people at work within ODs.’* Comprehen-
sive field notes were kept of the observations and conversations, while all interviews
were audio tape-recorded. The average duration of an interview was about an hour.

The qualitative data were analysed using the method of thematic analysis. The
dominant themes, which are reflected in the previously cited two research ques-
tions, were first identified from the literature represented in the preceding section
of this article.

The study sites were five representative, acute hospitals providing surgical
services within New South Wales. The hospitals varied according to size, geographic
location and public/private ownership. They were coded as Hospital A to Hospital
E in the order in which they were confirmed as a research site. Approval to conduct
the research was sought and granted by the relevant Ethics in Human Research
Committees.

The key informants to the study were individuals whose work roles within ODs
involved the use or care of the new intra-operative artefacts (i.e. they were receivers
of the new intra-operative artefacts®®) and/or who had the opportunity and/or
capacity to contribute to the new intra-operative artefact adoption decision process.
Interviews were conducted with a total of 31 operating suite (OS) nurses and seven
sterilising department (SD) staff who had at least 10 years experience in their
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respective practice areas. They were interviewed using an unstructured interview
format. Also, 16 experienced surgeons and 13 senior health service managers were
interviewed using a semi-structured interview format designed for each category of
informant. Informant anonymity was assured by a system of coding. First, an alpha
character, X, Y or Z, distinguishing OD staff from health service managers and
surgeons, was added to the hospital code, and then three numeric characters were
sequentially allocated in the order in which informants in each category were inter-
viewed at each hospital. Hence, the eighth OS nurse interviewed at Hospital B
would be identified as BX008.

A range of strategies were employed to ensure the trustworthiness of the research
process.”® For example, the tape-recorded interviews were transcribed by an inde-
pendent text processor, ‘member-checking’ of interview transcripts’’ was
completed before deductive thematic analysis was undertaken by the researcher
with the aid of the HyperRESEARCH™ qualitative analysis computer software,”®
and a random sample of 10 interviews were coded by an independent research
assistant and the researcher as an inter-coder reliability check.”” Conclusions were
drawn using the principles of triangulation whereby multiple sources of evidence
converge on a particular fact/finding.®” For a comprehensive description of the
research process and techniques employed to ensure the trustworthiness of the
research findings, readers are referred to other articles by the author.?!

Findings and Discussion
Not Automating but Enabling Surgical Artefacts

In the intra-operative phase of surgical production, technological change has taken
the form of either enhancements to established procedures using new intra-opera-
tive artefacts in order to improve the process and/or outcome for the patient, or
the introduction of altogether new types of procedures that employ innovative
intra-operative artefacts. In either case, automation is not a technical goal of the
innovation itself. Rather, the technical goals of process innovations or product
innovations™ in surgery are strongly linked to the clinical goals, and not to the tradi-
tional organisational self-interested business goals, such as those associated with strate-
gies aimed at ensuring organisational survival via increased profitability or
productivity.%?

The following description of aspects of the procedure of colonoscopy (i.e. endo-
scopic examination of the colon) demonstrates the enabling characteristics of surgi-
cal artefacts. Diverse equipment, peripheral to the colonoscope, make it possible to
inflate the colon with air, pump water into it and aspirate fluid from it, supply the
‘cold light’ that is transmitted via the fibre optics built into the colonoscope to illu-
minate the colon, and continuously transmit the images onto the television screen.
Without such enabling equipment it would be impossible for the proceduralist to
perform the colonoscopy or to perform, using additional enabling equipment, any
associated procedures such as tissue biopsies, removal of polyps, cauterisation of
bleeding vessels, or laser treatment to tumours. For example, when removing
polyps, a polypectomy snare inserted down a channel in the colonoscope is
connected to an electrical lead that plugs into a diathermy machine, which supplies
the electrical current necessary to cauterise the blood vessels to the polyp. The elec-
trical circuit is completed with an electrode being affixed to the patient and its
connecting cable is plugged into the diathermy machine. The proceduralist selects
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the level of electrical current that will be used, and the entire procedure is
controlled and completed by him/her.

This description of colonoscopy exemplifies how the main technical goal of the
diverse enabling equipment observed during the course of the present research is
only to facilitate the operation of the sophisticated surgical instruments used and
controlled by one or more members of the surgical team. I elected to use the term
enabling to describe this technical goal. Enabling equipment is typically electronic,
and may possess some algorithm-based ‘machine intelligence’ that is usually
supplied by the types of computing technologies that are associated with ‘program-
mable automation’ in production industries.** Overall, their built-in intelligence
does not perform functions that would otherwise be performed by humans. In
other words, with rare exceptions, such as the surgical robot (discussed later), they
are not designed to displace human labour or simplify work.*®

OS nurses were always emphatic when expressing their views on the technical
goals of new surgical artefacts. For example, when seeking clarification on a point I
asked a nurse, ‘so, adopting the new technologies hasn’t been driven by trying to
replace somebody’s job with a machine?’ She replied, ‘Oh no! I don’t see it that
way at alll” (Informant DX009). Similarly, an endoscopy nurse responded:

No. It just adds to our workload ... Things have become more difficult and
complicated ... we needed more staff because most of the stuff we’ve got needs
to be cleaned and looked after. No. It doesn’t replace nurses (Informant
DX011).

Top managers, on the other hand, appear to have been strongly, but mistakenly,
influenced by the mainstream business literature that presents the strategic return-
on-investment, techno-economic view of new technology adoption presented in the
literature reviewed earlier. For example, a hospital CEO remarked:

I had the view expressed to me that it’s a new technology, it makes life easier,
anyone can do it, and because it’s new, it’s faster, basically that life would be a
breeze using it ... Maybe it was being equated to industry where technology
made things faster (Informant CY002).

One function of the builtin machine intelligence of enabling equipment is to
provide digital or other functional displays and operator alerts in the events of
machine malfunction and/or pre-programmed or operator-programmed safe
operating parameters being exceeded. Others are designed to enable a surgeon
to exercise greater surgical precision, such as in brain surgery, made possible via
computer-aided medical imaging technologies.’® Even the fairly recent phenom-
enon of the surgical robot functions under the voice-control of an operator-
surgeon. Its function is actually very basic, insofar as it is typically employed in
minimally invasive endoscopic procedures to hold an operating ‘telescope’
steady and change direction in pre-programmed increments on command.
Although the surgical robot serves to replace a human operator, the surgical
assistant, it was the only example of human labour displacement, or more accu-
rately, role-displacement, resulting from new intra-operative artefact adoption,
that came to light in the course of the present research. I have said ‘role
displacement’ because the human labour involved in setting it up, dismantling
it, cleaning and maintaining it, is time consuming and the net effect is that of



36 P. L. Johnstone

replacing one human factor of surgical production with another at a different
phase of production.

The topic of surgical robotics emerged during the course of my interview with a
general surgeon (Informant VZ002), who remarked: ‘What’s blocking people is
they think of robots doing laparoscopic gall bladders like we do them now, only
with a robot. That’s childish’. He went on to say that he could not envisage a future
where robotic technologies would not be under the intellectual and/or physical
control of a specialist surgeon or radiologist. His comments are in stark contrast to
the media portrayal of ‘high tech’ surgical innovations which tends, by omission, to
convey the ‘simplification-automation and labour displacement message’ of much
of the socio-technical literature®” that goes back to the likes of Adam Smith who
observed that ‘machines facilitate and abridge labour and enable one man to do

the work of many’.%

Alternative and Complementary Technologies

An important complicating factor in the new surgical artefact adoption process
derives from the fact that new technologies rarely make pre-existing technologies
immediately obsolete. This phenomenon is a consequence of various intersecting
factors, such as the high acquisition costs of surgical artefacts, diverse organisa-
tional constraints, and individual consultant surgeon/proceduralist practice
choices.

Whilst immediate substitution of a particular surgical technology with a new tech-
nology might be desirable for clinical reasons, and does occur, the high cost of a
comprehensive replacement of all earlier generation technologies is prohibitive in
most instances.”” Therefore, older surgical technologies typically coexist with
newer ones, a situation that often continues for as long as the older instruments
and equipment are fully functioning. Sometimes, however, the older technologies
quickly become obsolete because of the superiority of the new technology, which
proceduralists, as autonomous pmctitioners,70 choose to use to the exclusion of
older technologies.

However, there are also occasions where the coexistence of two or more genera-
tions of surgical technologies is both desirable and deliberate. In some cases, new
technologies provide an alternative technology’! that is used when certain clinical
criteria are met. In other cases, the new technology is the technology of choice, but
its application on some patients needs to be aborted and the proceduralist defaults
to using the earlier generation technology. Such is the case for any surgical proce-
dure, such as laparoscopic cholecystectomy, initially embarked upon using mini-
mally invasive techniques and subsequently ‘converted’ to an open surgical
procedure. This has important, and largely unrecognised, consequences for operat-
ing department management insofar as it extends the time it takes to complete the
surgery on the patient. It also increases the indirect labour because the surgical
artefacts for two procedures involving very different technologies must be repro-
cessed afterwards. For example, within Australia during the final year of the period
of the present study, at which time approximately 8,260 conventional cholecystecto-
mies were initially commenced laparoscopically,”® an estimated 8,810 hours of
human labour would have been utilised in accommodating their ‘conversion’ to
open procedures.”

Finally, new technologies can provide a capacity to do or produce something
new that supplements or complements an existing technology.” One example from the
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present research is the procedure of hysteroscopy that is now commonly under-
taken in conjunction with the long-standing procedure of curettage of the uterus
(D&C). The unrecognised human labour consequences of hysteroscopy carried
out in conjunction with D&C are more significant than for ‘converted’ cholecystec-
tomies. The present research concluded that hysteroscopy, as a complementary tech-
nology to D&C, has increased the total human labour requirement per case by about
75 minutes, representing an increase of 123%.” For this procedure alone, this
would have amounted to an increased national labour requirement of about 72,205
hours during the final year of the study period when 57,557 hysteroscopies were
performed in hospitals throughout Australia.”

All of these phenomena—incremental substitution, alternative technologies,
and complementary technologies—contribute to the labour intensification of
surgical production and add to the complexity of work for receivers, particularly OS
nurses and SD technical aides whose work is trans-disciplinary.

Frequent, Ad Hoc, Short-lived Changes in Surgical Technologies

An associated aspect of the new technology adoption and diffusion process is the
common practice of trialing surgical innovations that may or may not ultimately be
adopted into practice. Gelijns and Rosenberg have drawn attention to what they
refer to as ‘a serious misconception’ that the development of a new medical tech-
nology ends with its adoption into clinical practice. They highlight that medical
devices (such as intra-operative artefacts) are characterised by high levels of incre-
mental change, and that ‘actual adoption constitutes only the beginning of an
often prolonged process in which important redesigning takes place [by way of]
feedback of new information generated by users’.”” Consequently, many proce-
dural specialists are actively involved with biomedical scientists in the research and
development activities that both precede and follow the adoption and diffusion of
new surgical technologies.”® Indeed, ‘they develop as they diffuse’.’”® The present
research affirms this stance.

New intra-operative artefact adoption is rarely a simple case of choosing and
using, and a largely hidden aspect of this process is trialing many new intra-opera-
tive artefacts that may or may not end up being adopted. Even when a choice has
been made, incorporating the new artefact into practice typically involves incre-
mental adjustments in technique, and possibly the adoption of other artefacts, until
the procedural specialist is satisfied with the overall process and its outcome—a
process that is repeated when other innovations emerge in one or other proce-
dures across all surgical specialties.

The process whereby the decisions are made to adopt or, in the interim, trial
new intra-operative artefacts, is not explored in the present article. Suffice it to say
that it is the procedural specialist who decides whether (s)he will trial or adopt any
new intra-operative artefact, and that (s)he will rarely continue to use a technology
that does not fulfil her/his clinical expectations. The important point, however, is
that any process of trialing new intra-operative artefacts represents technological
change that adds to the complexity of receivers work and contributes to the labour
intensification of surgical production.

An OS unit manager explained the frequency with which biomedical companies
are seeking to introduce new technologies for trial in her cardiac unit, and
explained her response:
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As a manager, I must get calls from some reps on a weekly basis about some-
thing new they want to show me. A lot of the surgeons organise for reps to ring
me up to arrange to come and show me something new. ... if we can see the
benefit for the patient from using this particular piece of equipment, we’re
pretty happy to go with it ... We tend not to just trial things willy nilly (Infor-
mant DX005).

Receivers of the intra-operative artefacts being trialed must be instructed in how to
use, care for, and reprocess them. This can be a time-consuming, challenging
process for those concerned, especially when the process might be repeated for any
number of artefacts during any given period of time. OS nurses with trans-disciplin-
ary roles appear to be most affected by this practice because, for example, they
could be involved in trialing artefacts in several surgical specialities at any given
time.

Most significantly, there is no predictable pattern to trialing new intra-operative
artefacts. Rather, it occurs in an ad hoc manner within individual specialisations
(i.e. typically, it is not widespread), and the short time frames associated with most
trials means that, unless the artefacts concerned are adopted after the trial period,
the sequel to the trial is further technological change.® This change might be a
return to the former technology or it could involve another trial and, hence,
another technological change.

A hospital General Manager observed:

I don’t think anybody predicted the treadmill that you’d get on. That is, you're
running just to stand still basically. We’re devoting a lot more of our resources
to theatre technology and we’re just maintaining our technological base
(Informant BY001).

Trialing has the effect of adding to the technical complexity of surgical production
for the simple reason that all changes in surgical technologies add complexity to
the process, at least until the new technology is mastered or discarded. An ortho-
paedic surgeon explained this process in relation to knee joint replacement

surgery:

Things work in fashions and trends ... You’d dabble with the occasional new
prosthesis but you’d generally have maybe one prosthesis you’d use for two
years or three years and then something else comes along that’s a major
change which usually you need to move towards. Along the way you might do
two or three new brands ... It’s sort of like comparing a Holden [car] and a
Falcon, sometimes you just sort of go for a test drive with the other one to see
whether or not you feel comfortable with the way the instrumentation works
and the predictability for you to do that procedure (Informant DZ001).

Increase in Volume, Complexity and Specialist Characteristics of New Surgical Artefacts

There has been an accelerating increase, since the late 1980s, in the technical
complexity of surgical artefacts and the volume of technically sophisticated surgical
artefacts designed for dedicated specialist applications. These phenomena,
combined with those discussed in the previous sections, have contributed to both
the need for more in-service education and training of receivers and a significant
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increase in the manual labour input to the perioperative phase of surgical produc-
tion. All these factors have contributed to the labour intensification of surgical
production, for which some evidence was provided in the introductory section of
this article.

According to OD personnel who have worked in the field for up to 35 years, the
speed of change in surgical technologies, particularly during the early 1990s, was
greater than anything they had previously experienced. A manager with OD nurs-
ing experience since the mid-1960s clearly described some of these issues:

I would think it must have been around the late 80s. I can remember thinking
that you needed a degree in technology or electronics as well as the nursing
background that you have, because things changed, and they changed very
rapidly. Not only was it changing for the nurses, it was changing for the
doctors. They were going through a learning curve the same time as we were
... Advances in minimum access surgery in the early 90s had a really big
impact. It was reasonably manageable when you had just the Gynaecologist
and the Orthopod wanting the TV monitors and so on, but then the Urologists
and the general surgeons ... They all wanted to do it ... I have a long back-
ground in theatres, and I know that nothing much had changed for a long
time. And then we had this sudden five years of fairly steep curve of changes
from the late 80s ... When you had to actually go from taking a gall bladder
out using a 10 inch incision, to a couple of little stab wounds and a whole lot of
equipment, making sure it was all plugged into the right place. Even for the
surgeon it was all new. Nobody in the theatre was an expert ... I think there
have been changes and improvements since 1994, but it hasn’t been as huge a
change as previously (Informant EYO01).

Another experienced OS nurse put it this way:

When I first came to theatres [21 years ago] everything was fairly simple and
the amount of equipment that we used was relatively small whereas now it’s
just huge ... the amount of stuff that’s used ... Each type of surgery, whether
we’re talking about laparoscopic gynae work or urology work, it’s all changed
immensely in 10 years and the technology behind it has changed as well (Infor-
mant DX005).

No speciality area of surgery seems to have been untouched by technological
changes during this period. For example, concerning stereotactic neurosurgery,
one OS nurse remarked, ‘there’s a lot more instrumentation ... [and it’s] far more
technical than it used to be’ (Informant DX003). Eye surgery for the treatment of
cataracts is another case in point. Until the late 1980s, the main requirements were
an operating microscope and a set of micro-fine surgical instruments. The develop-
ment of the phaco-emulsifier technology accompanied by changes in intra-ocular
lens technology, transformed cataract surgery in the late 1980s. No longer did a
relatively long incision need to be made in the eye to remove the cataract-damaged
lens. Rather, through a very small incision, an instrument connected to the phaco-
emulsifier machine is employed to transmit the shock waves that shatter the
damaged lens. The surgeon then aspirates the lens from the eye and inserts a new
flexible lens. A nurse provides some insights into the adoption process and the
impact of this transformation on her work:
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With the technical side of [the Phaco-emulsifer approach] there was all this
equipment to hook up, there was a change of machines, and they were contin-
ually, it seemed, trialing and updating the machines. So you’d sort of just learn
one technique and one machine and then another one would come and
you’re adjusting all the time to changes there (Informant DX009).

Interviews with all OS nurses highlighted how increased setting up times for
surgery had become a very common characteristic of all surgical specialties, but the
impact is most dramatic in those employing minimally invasive technologies. For
example:

Laparoscopic and arthroscopic work is a little frustrating and time consuming.
It requires a lot of instruments ... and it is a fiddle setting up. Setting up for a
normal open operation is quite easy, but with laparoscopic surgery, particu-
larly some of the more complicated ones that we do, it involves a lot of instru-
ments and a lot of setting up (Informant AX001).

However, technological changes have not been limited to minimally invasive tech-
nologies. For example, open joint replacement surgery has also undergone
substantial, although largely incremental, continuous artefact innovation during the
10 years since 1988. This resultant complexity is exemplified in a study conducted
during the mid-1990s by Phillips ¢t al®" which found that there were 41 different
prostheses in use in total knee replacement (TKR) procedures. These 41 different
prostheses represent a range of alternative intra-operative techniques and prosthe-
sis designs and applications.*? Whilst a discussion of these clinical issues is out of
the scope of the present article, these data serve to highlight the diversity of individ-
ual TKR operations and the complex technological factors surrounding even a
single type of surgical procedure. Because of this phenomenon, and the very high
cost of surgical artefacts, the practice of biomedical companies lending sets of
instruments to hospitals for specific surgical procedures has evolved over the years
and intensified during the study period. However, the phenomenon has contrib-
uted to an increase in the indirect labour input, for example, to total knee replace-
ment by at least 37%.% An OS nurse explained:

In hip and knee replacements, the surgeons here like to use special equip-
ment. People order them in because the equipment is so dear to purchase.
They make loan equipment available ... all the instrumentation and implants
with the set up ... But it’s very time consuming checking it all in ... and we
always have two people [do it]. The instruments [arrive] unsterile and they all
have to be washed and put through the process and sterilised (Informant
AX007).

Technological complexity also derives from the wide variety of surgical instruments
used now in conjunction with diverse enabling equipment, and the fact that both have
a propensity to failure or sub-optimal performance intra-operatively. As one nurse
remarked:

Laparoscopically is much more technical instrumentwise than an open
cholecystectomy. I think the people outside don’t understand the trouble
you can get into. If we have a problem with any of the monitors or any of
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the machinery or instruments, that can actually change that whole operation
into an open cholecystectomy [which is] a major operation, a longer opera-
tion, which is worse for the patient (Informant BX005).

Similarly, another nurse remarked:

The doctors would say, ‘I haven’t got a picture [on the monitor], nurse’. So we
had to become technicians didn’t we? It’s a lot of pressure when things break
down. Surgeons, for some reason, are rather unforgiving people, and every-
thing has to work ... so, ‘why doesn’t it?” The magic wand doesn’t always work
either (laugh) (Informant CX002).

The increased technical complexity of intra-operative artefacts also has conse-
quences for perioperative work. The greatest sources of increased perioperative
work are the significant increase in manual reprocessing of surgical instruments,
the maintenance of enabling equipment, and inventory management activities
associated with single-use surgical artefacts used largely in association with mini-
mally invasive technologies. For example, several OS nurses commented specifically
about the erroneous perception of top managers that the new sterilising machines
eliminated all manual handling aspects of instrument reprocessing, as one nurse
remarked concerning the cleaning and sterilisation of a colonoscope:

It is all manual handling. The ‘scope needs to be cleaned. It needs to be
rinsed, soaked, the channels cleaned again. The only change here is that it is
actually put through the [sterilising machine] ... It’s just that we don’t soak
them in [the chemical] gluteraldahyde any more ... It’s actually created an
extra headache because [the sterilising machine] is an extra bit of equipment
that needs to be checked [and] extra equipment needs to be ordered to run
[it] ... and there’s problems that occur with [the machine], with filters failing
[and so on] ... (Informant BX004).

This scenario is pervasive in sterilising departments where the increased technical
complexity of intra-operative artefacts has led to an increase in the proportion of
surgical instrument reprocessing activities that are undertaken manually as opposed to
being undertaken by machines. This is compounded by the increased number of
instruments requiring detailed inspection before they are packaged for sterilisa-
tion. Both have contributed to the increases in indirect labour input to surgical
production and the need to upskill SD technical aides to deal with the increased
technical complexity of their work. All interviews with SD technical aides
mentioned these things, as a SD manager explained:

When the increase [in minimally invasive surgery] started we had great prob-
lems with the staff because of training issues and the staff adjustment to that.
It’s hard. One day you're doing the instruments like ... you just open them up,
put them in a basket with lots of other instruments, and then send them
through the ultrasonic [machine], and the next day somebody says, ‘do this
laser equipment’ or ‘here, be a mechanic and pull that apart and put it back
together again’. With the minimum access instruments, you wash one at a time
and you have to do it by manual handling. You hold the instrument in your
hands and count the screws and everything else. There is no putting it through
a machine (Informant DX008).
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And the changes are not limited to minimally invasive surgical technologies, as
another SD technical aide explains:

Nowadays they do much more joint replacement than they ever did, and the
instrumentation ... they have 10 boxes with up to 20 trays of instruments alto-
gether. They need to be washed and packed and sterilised, just the same as any
other and that’s why the workload has drastically increased (Informant
DX008).

Conclusion

This article has described the intensification of operating department labour and
the increased task complexity of operating department work as two largely unrec-
ognised consequences of technological change in surgery during the 1990s. It has
identified and discussed the main four technology-related factors that contributed
to these phenomena: the enabling, not automating, characteristic of biomedical
equipment and specialist surgical instruments; new intra-operative artefacts rarely
displacing pre-existing technologies very quickly; constant, unpredictable techno-
logical change; and a dramatic increase in the volume, technical complexity and
specialist characteristics of new intra-operative artefacts. These factors and their
organisational consequences are inconsistent with the pervasive theme of the
techno-economic organisational literature that equates ‘new technology’ with auto-
mation, labour displacement, work simplification, and the economic benefits
accruing to an organisation.
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