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A Flatland analogy for patient
safety

When Edwin A Abbott published in 1884 his
famous fantasy in geometry, Flatland: A romance
of many dimensions,1 his imagination sparked not
so much a revolution in mathematics or physics
as of perspective. Flatland is a universe in two
dimensions – length and width – and the inhabit-
ants (lines, triangles, squares and multisided
polygons) in the plane cannot apprehend the
complexities of the third dimension: height. It
remains beyond their cognitive reach. This analo-
gously describes the problem of patient safety,
where we know a lot about two dimensions – the
magnitude of the predicament (the length of the
problem) and the categories of harm (its width) –
but the nature of the third dimension, the lofty
heights of what to do, and how to address prob-
lems, has proven elusive. We are on the brink of
understanding this dimension more thoroughly,
and thus better positioned to tackle the challenges
it presents.

Dimension one: how much harm?

Our first dimension for understanding patient
safety is the length of the problem, which is con-
siderable. Of the problems testing medicine’s in-
genuity, iatrogenic harm (induced by healthcare
itself) is among the most challenging.2,3 But just
as with trying to understand quantum mech-
anics, climate change or consciousness, complex-
ity and difficulty are no excuse for inaction.
Experts agree that errors and adverse events from
care delivered to millions of patients across the

world are at unacceptably high levels.4 Estimates
vary, depending on study variables, but the rate is
of the order of 10% of all admissions.5–9 In about
2% of all cases major iatrogenic disability or death
occurs.10 This equates to some 10,000 worldwide
deaths per day.11 In the world’s most expensive
health system, that of the USA, only half of recom-
mended care reaches adults12 and children.13

Further, studies at autopsy reveal important,
unsuspected diagnoses in about 30% of cases.14

Such significant rates of misdiagnosis or poor
detection at death underscore that there is room
for better identification of disease and illness and
subsequent targeting of treatment.

The statistical risk for groups and individuals is
becoming clearer. Most would agree the odds are
too high: a 1:2 chance of getting the right care; a
1:10 likelihood of being harmed in association with
a hospital admission; a 1:50 possibility of system-
induced death or major disability; and a 3:10 inci-
dence of ultimately dying normally but with
untreated pathology. If these factors overlap, then
the chances are 50% of sustaining an error or near
miss, or receiving inappropriate care. If, as is more
likely, they are discrete factors, the chances are
higher. However, if they are wholly independent
(unlikely for groups of people but possible for any
individual), the risk of misadventure or under-
detection by health system act of omission or
commission of some sort is more than 92%.

What might be the real extent of harm in health
systems with fewer resources, especially those of
developing nations, is not well-known but likely
to be considerably worse. World Health Organiza-
tion data15,16 show that patients in developing
countries may have a 2–20 times greater chance
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than those in the rich world of getting a hospital-
acquired infection, with a 3–20 times greater
chance in the case of neonatal infections. The con-
clusion is that the dimension one phenomenon is
a matter of concern – there is too much harm
caused or presided over by both developed and
developing health systems, and with a risk of
receiving poor quality care between 50–90%, we
have major opportunities for improvement in this
dimension.

Dimension two: types of harm

Enter dimension two: the width of the problem,
expressed as the types of errors from which
patients can suffer. Optimally, the correct clinical
care would be delivered to the right patient every
time. This is merely a noble aspiration at this point.
Patients can acquire an infection of the urinary
tract or their wound while in hospital, suffer
delays in getting necessary treatment, experience
acute but avoidable pain as a result of care, or
receive the wrong drug or dosage.17 In rarer
but recurring cases, a patient can undergo an op-
eration at the wrong site, or a procedure meant for
someone else, be seriously injured by a medical
device, commit suicide despite having been in
recent contact with a mental health service or
suffer severe treatment-induced trauma or
hemorrhages.18,19

As in other areas of life it is worse if you are
poor. The types of harm in developing parts of the
world are different to those in industrialized
countries. Approximately 50% of injections in
South East Asia are unsafe due to syringe reuse
and the lack of proper sterilization and disposal of
medical waste. Perhaps 50% of medical equipment
is unstable and 40% of hospital beds are located in
buildings intended for other purposes. Most (77%)
of the world’s counterfeit and substandard drugs
are accounted for in developing countries and over
half of all medications dispensed or sold are not
justified.15,16

Current hypotheses about the
hidden dimension

Abbott dubbed his third dimension Spaceland,
and it could not be seen by inhabitants whose
world view is restricted to two planes. For many

decades, policymakers, managers, clinicians and
researchers were Flatlanders, unable to perceive
much that is solid about rectifying patient safety.
Slowly but surely, however, we can glimpse what a
third-dimensional solutions set might look like.
Judicial and quasi-judicial inquiries investigating
particularly salient examples of poor care such as
at Bristol Royal Infirmary in England,20 Manitoba
Health Centre in Canada,21 King Edward Mem-
orial Hospital in Australia22 and elsewhere23 sug-
gest that several prevalent matters need to be
addressed if care is to be made safer. These include
poor communication and teamwork within clini-
cal groups,24–26 between clinicians and man-
agers,27 and between services and their patients
and carers.28,29 There are also stretched inter-
professional relationships and failures of political
and organizational leadership to be tackled.30,31

The casualization of clinical workforces32 exacer-
bates problems such as handover from one shift to
another.33 Clinical supervision of junior staff22 is
less than perfect in many health facilities. External
and internal quality monitoring procedures are
deficient.34 Patients, their carers and relatives
are not sufficiently included in decision-making
processes affecting them,35 and they should
be.

We see two groups of potential solutions to
errors and harm, but the mix of strategies that are
effective remains unclear. Technical aspects of care,
the first group, are complicated – they centre on
ensuring that the heart operation is skillfully per-
formed, the dangerous drug is administered via
the appropriate route or the right dose of radio-
therapy is calibrated and delivered. Social and
organizational factors, the second group, are even
more complex. Modern healthcare can only be
delivered through teamwork,36,37 and effective
organizational systems. Productive professional
cultures are thought to be crucial determinants of
reliable care.38,39 Getting care to the patient in a
timely fashion with effective monitoring to ensure
things go well will no doubt require a more
coordinated, focused effort.

How can this be done? No one has adduced a
comprehensive answer to this question as it in-
volves going to a dimension not yet completely
accessible. Resolution of the problem is more likely
to be a journey than a destination. For instance,
some of Britain’s best patient safety experts not
long ago refused to put a figure on what the harm
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rate could ultimately fall to, and told the House of
Commons Committee of Public Accounts on
patient safety that they thought that progress
could be measured only in decades.40

The right mix of education, incentives for
doing the right thing, deterrents against poor
practices and learning from the good and the bad
in clinical care will, it is believed by many, be
important. Technical fixes are mostly predicated
on skills development and acquiring more ad-
vanced technology such as new diagnostic ma-
chines and tests. This means that healthcare
personnel have to ensure that new technology
and techniques are effectively assimilated, and
individuals are competent in their use. University
and private research laboratories, innovative
technology companies, and external educational
providers including universities, medical, nurs-
ing and allied health colleges, regulatory
agencies and representative bodies are the key
providers.

Present-world thinking about how
to proceed

But how can we address human systems improve-
ments and engender concerted, collaborative
efforts? The science of understanding how to
change institutions for the better and involve peo-
ple in improvements does not provide the most
rigorous (level 1) evidence. Encouraging more
open cultures with less emphasis on blaming the
individual and more on learning, teamwork and
support are thought to be important. Such claims
are not based on data at the level of randomized
controlled trials, and thus must be considered con-
jectural rather than a tested hypothesis. Innovators
have designed an impressive array of tools, tech-
niques and strategies even in the absence of infor-
mation about the full scope and scale of the third
dimension. Some of the most important of these
are summarized in Table 1.

These efforts are commendable, and encourag-
ing. For some skeptics, however, they represent
mostly small-scale examples of success. Up to now
there is no systematic evidence that the rates of
adverse events have sustainably fallen across-the-
board as a result of such initiatives beyond local-
ized demonstrations. However, lack of evidence is
not the same as evidence of lack, and some experts
are encouraged as a result of these initiatives.41 Yet

widespread, cross-health system success eludes
us, perhaps because of the historical difficulty of
living in Flatland when we need to appreciate
more deeply the contours of Spaceland.

Other worlds and universes

Nevertheless we are beginning to apprehend the
third plane more clearly as we move from the
two-dimensional stance of the past. To help us see
more clearly, there are hints from other worlds
addressing their own safety problems. Two appear
to have accessed the third dimension of under-
standing and solution. Mining in developed
countries has made inroads into safety principally
through training, regulation, applied engineering
advances and hazard reduction strategies. For
example, coal mining disasters and fatalities
declined throughout the 20th century in the USA,42

Europe and other developed countries. The avia-
tion sector has induced cultural change in report-
ing incidents systematically, and dealing with
problems concertedly, including near misses.
There is much to learn from these.43 Elevating
safety to the top of the agenda at every meeting,
learning to be vigilant and promoting openness
and transparency while relegating defensive be-
haviours are now thought to be crucial, but this
was not always the modus operandi in aviation.
Activities in the cockpit are now focused more
on crew interdependence and sharing document
technology, e.g. promoting teamwork and using
comprehensive checklists instead of relying on
individualized autonomy.44

Similar approaches are needed in the health
system, but there is a general acceptance that medi-
cal care is more complex than mining and aviation,
and professionalized, often tribal cultures remain
a strong barrier to change. Clinical practice is
now being characterized as a multitasking,
interruption-riven environment,45 in which errors
emerge out of the complex interaction of work
practices, individuals working beyond safe cogni-
tive limits46 and an asymmetry of information and
evidence between different practitioners and
patients.47 As a result, change initiatives predi-
cated on overly simplistic, linear models of error
seem inevitably to generate unintended conse-
quences and harm, along with any benefits that
they bring.48
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Some elegant initiatives relying on sound safety
science principles, taking a systems approach, are
proving effective. Pronovost’s use of education
about safe systems of care, checklists, team leader-
ship training, education of participants, discus-
sions and external feedback and support are
encouraging, showing that catheter-related blood-
stream infections in US hospitals can be reduced
markedly and the gains sustained over time.49 The
Safe Surgery Saves Lives Study Group reported
reducing postoperative complications and death
rates from surgical care in eight hospitals in eight
countries by more than one-third by implementing
the WHO 19-item surgical safety checklist.50

Notwithstanding this, evocatively, more than
one commentator has used the jumbo jet exem-
plar.51,52 If 30 Boeing 747s crashed every month in
America, six in Britain and two in Australia, with
no survivors, it is believed there would be an out-
cry and immediate, remedial action. That is the
extent of unnecessary patient deaths in healthcare.

Although many are believed to be preventable, the
responses to date have not had the effect optimists
had hoped. Because medical harm is delivered one
patient at a time, it does not generate the collective
societal concern needed to pressure the health sys-
tem to address it. This may be a key reason why
this dimension remains tantalizingly difficult to
tackle, at least as measured by rates of errors and
near misses demonstrably falling. Further con-
certed action is needed, not only to apply effec-
tively and widely those activities listed in Table 1,
but to find other solutions.

Medical care will always be risky. We could
never imagine from a two-dimensional vantage
point that there will emerge a third dimension in
which surgery always works, all procedures are
safe, complications are eradicated, each drug is
accurately administered without side-effects and
no patient falls inadvertently through the system’s
cracks. Yet exacerbating the quandary, ageing
populations require more healthcare than younger
populations for a variety of reasons, especially as
they are burdened by more chronic and complex
conditions. Most, and certainly all developed
countries, are experiencing substantial ageing in
their populations as baby-boomers reach retire-
ment. The strain on healthcare is building as a
consequence. Errors in pressurized, stretched
health systems could increase rather than decrease,
despite the third dimension gains.

Teleportation, the fourth
dimension, or 10 dimensions?

The evidence supports the proposition, then, that
we are moving from the patient safety version
of Flatland to a more thorough appreciation of
Spaceland. But there is more to it than this. We do
know much more than previously about the mag-
nitude of the patient safety problem and the cat-
egories of harm we need to tackle first (e.g. patient
falls, medication errors, infections, delayed inves-
tigations, cardiac arrest while in hospital, pressure
sores, ongoing pain and excessive bleeding). The
best solutions or solution packages are increas-
ingly evident, but there is a fourth dimension –
time – that is not on our side.

That said, it will require a collaborative inter-
national effort in the same way as international
space exploration efforts have broadened to
include cooperation across national boundaries.

Table 1

Tools, techniques and approaches to address patient safety

+ Using information technology to gather data about incidents
and near-misses59,60

+ Creating opportunities for learning from errors and near
misses61,62

+ Adopting new models for categorizing and managing harm such
as severity assessment systems63,64

+ Conducting root cause analysis,65,66 a technique which asks
what went wrong and why, going back to the original causes

+ Delivering care through clinical pathways,67,68 designed to
promote a safer, evidence-based patient journey

+ Training staff in quality improvement techniques and
approaches69,70

+ Encouraging the practice of evidence-based or evidence-
informed medicine71,72

+ Harnessing the use of forcing functions73 whereby design
features restrict how tasks are performed, such as prescribing
drugs via computers with alerts for inappropriate dosage
levels74 or using automatically retracting syringes which only
expose the needle at the time of injection

+ Designing team-based, protocol-driven approaches in specific
areas to target improved safety49

+ Engendering a systems-wide social movement modeled on
political campaigns, e.g. the 100,000 and 5 million lives
campaigns of the Institute of Healthcare Improvement75,76

+ Using checklists to improve surgical complications and deaths50

+ Harnessing market-based control mechanisms to address
adverse events – similar to carbon trading, we could have error
trading56
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The recently-established WHO’s World Alliance
for Patient Safety (http://www.who.int/patientsa
fety/en/) and the older but increasingly important
International Society for Quality in Health Care
Inc (http://www.isqua.org/) offer hope and are
striving to promote international collaborations.
The strategies it produces may represent a set of
robust, workable hypotheses, applicable widely
across health jurisdictions, settings and cultures.

What will be needed to get to the next stage
of understanding? What will a sustainable solu-
tion look like? A patient safety research agenda
predicated on investigating and providing new
knowledge on leadership and its contribution to
improved care, inter-professional teamwork, and
clinical cultures more focused on patient rather
than provider interests seems essential. Effectively
led,53 resilient,54 well-organized services with pro-
ductive interactions between stakeholders is at the
core of what is required. But there is a big differ-
ence in knowing that we need to do things differ-
ently, and even what, in patches, we need to do,
and the creation of a system of care, re-designed
with safety in mind, taken up across whole health
sectors. This would be a fundamentally reformed
health system, and one of which we could all be
proud. So: is a new order such as this actually
being enabled? This would be as thoroughgoing a
third dimension change as we could hope. As yet,
we have not witnessed an entire health system at
this tipping point.55

This would involve converting many ideas,
strategies and initiatives such as those in Table 1
into safe systems of work and care. What is missing
is a way these can be aggregated into a systemic
approach that routinely protects against error,
adverse events and conditions of risk, or offers a
mechanism to ameliorate these progressively.

One answer may lie in harnessing the power of
markets. A recent proposal specified a frame-
work for reducing adverse events using market-
based control (MBC), modeled along the lines
of carbon trading.56 A regulator would establish
a safety market, set a patient safety price for
adverse events, designate system-wide and
organizationally-specified targets and govern how
safety credits would be traded. Health service
organizations would beat their harm reduction
targets and sell their earned credits on the market,
or have to buy credits to offset performance over
target. Third-party organizations would emerge

to support improvements. As targets are met,
aggregate systems-wide adverse events are re-
duced over time. MBC mechanisms are used
to improve systems performance elsewhere57

including carbon emissions reduction.58

Conclusion

We might heed the old adage that collectively
humans have a much higher IQ than individually.
Unlike Flatlanders of days gone by, who could not
relate extra-dimensionally and thereby remained
ignorant of a crucial way of thinking, we have the
capacity to apprehend our missing dimension.
Some insightful leaders are uncomfortable and
increasingly vocal about how we need to fully
exploit strategies in the third dimension. More
support should be given to the internationalization
of the efforts, which is being led not only by WHO
and ISQua but key players such as the Institute for
Healthcare Improvement and the Veterans Health
Administration in the USA, the English NHS, and
the Australian Patient Safety Foundation.

Unsettlingly, however, we would do well to
remember that current versions of string theory in
physics postulate 10 or 11 dimensions. This may
be several dimensions too far for patient safety
experts to contemplate right now, and if patient
safety turns out to be that complex, we will find the
solutions are a lot more multifaceted than we think
today.

For all that, there is pressure to solve the patient
safety Spaceland dilemma quickly. The urgency of
the matter will not fail to be recognized by anyone
who is likely to require care sometime in the future,
is ageing, or both. That, of course, is all of us.
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