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Disclaimer
This report has been developed based on discussions by the
Improving Patient Outcomes (ImPrOve) Think Tank and was made
possible by financial support from Edwards Lifesciences. The
members had full editorial control and the discussion points and
calls to action are independent of any industry influence.
This document has been created to raise awareness of
a serious public health issue and to provide outputs of
discussion around ways to help improve patient safety.

Executive summary
A multidisciplinary pan-European group of
anaesthetists, surgeons and patient representatives
met virtually as the ImPrOve Think Tank through
2020 and 2021 to address and propose solutions
for a serious public health issue – death and serious
complication rates in the 30-days after high-risk
surgery remain high.
While there are many challenges in high-risk
surgery, the most alarming complication for the
ImPrOve Think Tank is haemodynamic instability,
manifested as drops in blood pressure, and known
as intraoperative hypotension (IOH). IOH is common
during surgery under general anaesthesia and can
contribute to often dangerous and sometimes fatal
complications after surgery. Moreover, increased
hospitalisation and hospital stay associated with IOH
are likely to have a significant economic impact on
European healthcare systems.
However, if haemodynamic instability is effectively
monitored and prevented, these complications
can be avoided, and patient outcomes can be
significantly improved. Consequently, the ImPrOve
Think Tank proposed several enhancements to
the processes already ongoing in perioperative
medicine, the multidisciplinary specialism that aims
to accomplish the specific needs of individuals
undergoing surgery.

What to ImPrOve
The ImPrOve Think Tank recommends that healthcare systems and clinicians improve:

Research and funding to
understand the pathophysiology
of haemodynamic instability and
individualising blood pressure targets

Education on and awareness
of haemodynamic instability and
its strong association with poor
patient outcomes

Communicating the risk of
surgery to patients and informing
them of any complications
observed during their procedure

Evaluating novel technologies
and therapies to effectively monitor,
manage and mitigate haemodynamic
instability

Availability of appropriately staffed
and equipped postoperative beds
and long-term monitoring

High-risk patient safety and
outcomes in line with other established
patient safety organisations and
movements

ImPrOve calls-to-action

The ImPrOve Think Tank report contributors:

The ImPrOve Think Tank defined its calls-to-action for each stakeholder – clinicians, policy makers and patients – to
make meaningful change to patient safety and outcomes (a more detailed breakdown of each stakeholder’s role in the
calls-to-action can be found in Appendix 1).

Train
Ensure adherence to and implementation of new European guidelines on blood circulation during
surgery by improving training for clinicians.
Clinicians

Invest
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GlobalFrance
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International Relation
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Global

Secure new sources of funding for hospitals to invest in innovative digital monitoring technologies,
such as advanced haemodynamic monitoring, to maintain stable blood circulation during surgery.
Policy makers

Support
Recognise in health data policies the value of patient safety data generated by innovative digital
monitoring technologies.
Policy makers

Involve
Involve patients in a dialogue about the risks of poor blood circulation so they are invested in the
actions taken to ensure the best outcomes and safety before, during and after surgery.
Clinicians

Patients

Fundamentally, these solutions, supported by advanced haemodynamic monitoring technology, intend to reduce the
risk of haemodynamic instability and improve patient safety and outcomes after high-risk surgery.

Mortality, morbidity and patient safety during
and after high-risk surgery

• Hospitals are under increasing pressures,
both economical and COVID-19-related,
and there is a need for smart solutions to
innovate and boost efficiency

It is highly likely that we will all experience some form of
surgery in our lives – whether personally or through our family
and friends. Many patients undergoing high-risk surgery have
three expectations; that they will awake from anaesthesia, their
outcomes will be beneficial, and their quality of life will be
preserved or improved.

These data suggest that despite significant improvements in
surgical outcomes during the last century, particularly for
anaesthetic-related mortality, there is consistent evidence to
suggest that complications after surgery are common and a
significant cause of preventable death and injury today.
Patient safety in the 30-days after high-risk surgery is a pressing
issue for European healthcare systems. Evidence from the UK
suggests that 80% of postoperative deaths occur in a 10%
sub-population of high-risk patients.4 On a global scale, this
would mean 25-million patients undergo high-risk surgery every
year, and 3 million will die in the period after surgery.4
Increasing patient safety is a key pillar of quality in healthcare
and arguably the most important considering that lives depend
upon it. However, improving patient safety not only saves lives,
it also improves the patient experience through better emotional

Quality of care
Clinical
effectiveness

• Patient safety is closely linked to patient
experience and clinical effectiveness,
suggesting a more holistic approach to
care improvement is needed

Hospitals are under increasing pressure, both financially and from
a substantial backlog of postponed surgeries due to the COVID-19
pandemic. Therefore, European healthcare needs innovative
solutions to ensure that patient safety remains paramount.

Patient
safety

• While surgery is safer today than ever
before, mortality and morbidity
rates in the 30-days after surgery remains
relatively high across Europe

health and reduced length of hospital, while enhancing clinical
effectiveness by boosting patient quality of life.5

Patient
satisfaction

Key points

Surgery is safer today than ever – but that does not mean it
is totally risk free. The days after surgery in the ICU and on
return to their home are critical for high-risk patients especially.
In a global study of over 44,000 patients, including those
from Belgium, France, Germany and Italy, nearly 17%
developed one or more postoperative complications, including
cardiovascular complications and acute kidney injury (AKI).1
An even higher injury rate of 37.5% was found in a US study.2
Moreover, a study in the UK found that more than 1 in every
100 patients will die from complications within 30-days of
the procedure every year. This increases to 2.3 in every 100
patients after 90-days.3

Figure 1: The Three Pillars of Quality in Healthcare.
The ImPrOve Think Tank recognise the three pillars of patient
quality of care; patient satisfaction, clinical effectiveness and
patient safety. The discussion points in this document consider
these three areas, with a significant focus on patient safety, as
this is the immediate concern currently in Europe.

The perioperative period: clinicians, procedure
and haemodynamic instability
The period from preclinical assessment, through the surgical
procedure, to rehabilitation, also known as the perioperative
period, is complex and challenging, particularly during highrisk operations. Perioperative medicine aims to accomplish the
specific needs of individuals during their journey.6 While patients
often see the surgeon as the lead clinician during their procedure,
anaesthetists also play a vital role as a perioperative physician.
Surgery is scheduled trauma, and its impact during and after
the procedure can manifest in various ways.7 The ensuing
inflammatory and stress response results in increased oxygen
consumption, metabolic alterations, redistribution of fluids and
other significant clinical changes.7 The impact of surgery on
the body remains for some time; the persistence and severity of
postoperative effects often depend upon the type of surgery and
presence of complications during the operation.7
While there are many possible complications that the
perioperative team must be aware of, the ImPrOve Think Tank
believe haemodynamic instability, manifested as drops in blood
pressure (known as IOH) is a key concern during major surgery.
Haemodynamic instability is a common side effect of general
anaesthesia, occurring in up to 99% of patients.8,9 While there is
no widespread definition of IOH, mean arterial blood pressure
(MAP) < 60 – 70mmHg is linked with severe postoperative
complications, such as myocardial injury, AKI and increased
mortality,10 and as little as a minute of IOH can increase the risk

of serious patient harm.11 Although IOH will go unnoticed by the
patient, it clearly has a significant impact on patient safety in the
immediate hours, days and weeks after surgery.

The surgeon and the anaesthetist:
what are their roles during surgery
and regarding haemodynamics?
The surgeon is generally viewed as the physician with
overall responsibility for the care of patients undergoing
surgery in hospital. They are accountable for the success
of the procedure and will aim for best possible outcomes
for the patient.12 Importantly, the surgeon has overall
responsibility for the standards of care provided by the
entire perioperative team.12
The anaesthetist plays a vital role in monitoring and
managing the patients’ haemodynamic profile (amongst
many other clinical conditions) during surgery and
after the operation in the ICU.13,14 If significant blood
pressure drops are experienced, they will act to achieve
haemodynamic stability.14

As well as the risk to health, haemodynamic instability represents
a significant economic burden. A US modelling study found that
correct blood pressure control during non-cardiac surgery could
save up to $4.6 million per 100,000 patients in subsequent
expenditures for postoperative care.15
Despite the danger and cost of haemodynamic instability,
there may be solutions at hand. While the debate continues
on the optimal way of treating this complication, goal directed
haemodynamic therapy (GDHT) has been shown to prevent
dangerous drops in blood pressure, as well as other complications

and some mortality, in major surgery.16-20 Digital monitoring
technology in the form of haemodynamic monitoring is also
a key component of GDHT. 21,22 In recent years, advanced
haemodynamic monitoring has been used, albeit mostly in an
experimental capacity. These systems use previous and current
data to forecast clinical changes, such as haemodynamic
instability, and they have shown some success in predicting
haemodynamic instability.21,23,24
Haemodynamic instability and its impact on patients is a pressing
concern, especially considering the ageing population of Europe.

Key points
• Surgery produces stress and inflammation that results in many changes
to bodily function, the impact of which can last beyond the OR
• Haemodynamic instability, particularly IOH, is a common side effect
of general anaesthesia
• Although IOH < 60 mmHg is linked to serious postoperative
complications and death, the debate continues on how to treat it
• GDHT and advanced haemodynamic monitoring have been shown
to reduce haemodynamic instability and improve patient safety and
outcomes
• With an ageing population in Europe, there is an urgent need to
better protect patients undergoing high risk surgery

By 2050, it is predicted that 1 in 4 people could be over 65.25
This brings a myriad of potential health challenges for surgeons
and anaesthetists – particularly with haemodynamic instability
reported as high as 83% in more senior patients.26 With rates
so elevated, the ImPrOve Think Tank believe haemodynamic
instability to be a likely cause of a significant proportion of
avoidable postoperative mortality and morbidity in Europe.
There is an urgent need to protect patients from haemodynamic
instability now and improve patient safety in the future.

Barriers to optimal perioperative haemodynamics
Despite the impact of haemodynamic instability on postoperative patient outcomes, there still appears to be barriers to its prevention
and treatment. The ImPrOve Think Tank provided several examples of why this may be the case:

Changes in perioperative risk
While the definition of a ‘high-risk surgical patient’ is often
poorly described, it is typically based on the risk of peri and
postoperative mortality.27 Following a thorough preoperative
clinical assessment, the level of risk a patient faces should
determine the amount and type of perioperative care they receive;
also known as risk stratification.28 However, perioperative
risk is not static. Clinical changes, such as haemodynamic
instability in the OR, can dramatically increase the probability of
complications. As well as robust preoperative risk stratification,
there is a need for real-time clinical adaptation to changes in
perioperative risk.
Although risk may be quite well defined preoperatively, that
risk can change quite dramatically from the time the
procedure starts
Prof. Monty Mythen

Similar pathway for all patients
Clearly, patients’ risk of complications during and after surgery
are distinct, yet most are treated following a similar care
pathway – same facilities, preoperative assessment, anaesthesia,
ORs, post-anaesthetic recovery and hospital wards – rather
than individualised based on their needs.4 Moreover, A French
multicentre observational study of general and vascular surgery
in high-risk elderly patients saw only 2% receive GHDT as fully
stated in guidelines, with cardiac monitoring used in 1 in 10.29

We need every generation of anaesthetists and surgeons to be
aware of perioperative care and haemodynamic management
in the perioperative setting.
Prof. Olivier Huet

Access to technology and champions
of care
Health inequality across Europe represents a significant challenge
to reducing haemodynamic instability. Not every hospital has
access to the latest monitoring technology to achieve optimal
haemodynamic stability. Nor do they always have haemodynamic
‘champions’ to advocate and implement the latest science and
innovation.
Clearly a major flaw in preventing IOH is lack of technology. I
work in a central hospital and have access to lots of technology.
This is not same for every site.
Prof. Franco Valenza
Investment in technologies and specialised training is often cut
during times of recession – which is more likely in the wake of
the COVID-19 pandemic. However, promised EU healthcare
funding through programmes such as the EU4Health 2021-2027
Health Programme Fund30 could help with access to advanced
haemodynamic monitoring technology across the region. It is
important that payers and hospital administrators consider this
digital technology to be a priority for hospital spending.

We are in the prelude to an economic crisis – when money is
saved, monitoring devices may not be the main concern, but they
are very important.
Dr. Alfredo Abad Gurumeta

Guidelines and standards
Although several large collaborations, such as the PeriOperative
Quality Initiative (POQI), have reached consensus on the
prevalence and risk of haemodynamic instability, it is still
a common complication of general anaesthesia. Universal
acceptance of the danger of haemodynamic instability is some
way off.
There is a need for greater awareness of haemodynamic
instability and the absolute values of blood pressure to be
avoided. This in turn will highlight the importance of blood
pressure standards during high-risk surgery.

Observational studies suggest that we are not hitting guidelines.
We need to make the transition from guidelines to standards
Prof. Monty Mythen

Moreover, even with advanced haemodynamic monitoring
available to clinicians, it is only a detection tool. The
correct clinical actions are needed to prevent IOH. Further,
haemodynamic observation is often rapidly stepped down from
continuous to intermittent in the hours and days after surgery
in the ward or ICU,31 potentially explaining why significant
changes in blood pressure may be missed or delayed with
sometimes bleak consequences.32

Cultural resistance

Key points
• Perioperative risk is not static; sudden
and unforeseen haemodynamic instability
in the OR can rapidly increase the risk of
complications and mortality / morbidity
• Some high-risk patients receive the same
perioperative treatment as those at low
risk

Although traditionally the surgeon was considered the driver of
perioperative patient outcomes, this perception is now changing.
Patients are a key player in their own surgery and outcomes.

• Monitoring still requires clinical action to
be effective

The ImPrOve Think Tank agreed that patients are almost always
unaware of intraoperative complications such as haemodynamic
instability and their potentially long-term or fatal consequences.
Moreover, some patients see the doctor as the expert and will
not take an active role in discussions around the dangers or
management of their procedure, particularly when the risk of
surgery may outweigh the benefits.

• Health inequality, a lack of
haemodynamic champions and lack
of investment can prevent hospitals
from accessing modern monitoring
technologies, despite the availability of
EU healthcare funding

In my experience, I would say that very few, if any, patients
consider complications such as IOH in any surgery. Our primary
concern is ‘get me in, get me out and make sure I wake up
Mr Neil Johnson

• Almost all patients and many clinicians
are generally unaware of the dangers
posed by haemodynamic instability
• Patients and their clinicians may not be
having discussions on the risk of surgery

What is needed to reduce haemodynamic instability and improve high-risk
patient safety
There is a clear need to reduce haemodynamic instability, lessen
the risk of serious postoperative complications and improve highrisk patient safety. Fortunately, when haemodynamic instability is

effectively managed, the risk of death and harm decreases, and
outcomes are enhanced. Consequently, the ImPrOve Think Tank
suggested several improvements to the practices already occurring
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in perioperative medicine to ensure that haemodynamic instability
is appropriately understood, observed, and treated.

ImPrOving Research
In general, anaesthetists are interested in haemodynamic monitoring, but it seems
in routine care, we have problems in preventing hypotension, and we have
problems in performing care how we should do in 100% of cases
Prof. Michael Sander

1

ImPrOve research and funding to understand the pathophysiology of haemodynamic instability and individualising
blood pressure targets

The dynamic changes observed in perioperative AP are a result of
various physiological factors.33 Moreover, although AP defines the
input blood pressure to organ blood flow, it does not necessarily
determine the perfusion pressure – it is likely that microvascular
and cellular function also play a key role.33 Further research is
needed to fully understand all the factors at work and to allow for
a more accurate clinical approach to perioperative blood pressure
measurement.33
To date, research on haemodynamic instability manifested as IOH
has only been unable to show causation with organ damage and
death.9,34 There are several large observational and retrospective
studies that have demonstrated the association between IOH
and postoperative harm, but their study design prevents causality
being drawn.9,34 More robust and homogenous interventional
trials are necessary before causation can be established.34

Furthermore, despite the association between haemodynamic
instability and poor postoperative outcomes, the debate
continues around the optimal perioperative AP for individual
high-risk patients. The international POQI group have settled
on recommending a MAP of 65 mmHg as the absolute lower
intervention threshold to avoid harm.10

POQI group, who stated that the individualised AP may change
perioperatively.33

However, generic figures do not consider the variance of
AP across individuals.34 This is particularly important when
considering high-risk patients, who often have hypertension,
may need higher MAP values.34 For example, Futier et al,
who conducted a randomised controlled trial to investigate
individualised AP targets found that those high-risk patients in
the individualised treatment group had a significantly lower risk
of postoperative complications than those undergoing standard
AP management.17 A similar consensus was reached by the

• Prove that periods of haemodynamic instability can directly
cause organ damage

Therefore, the ImPrOve Think Tank calls for more research funding
to:
• Better understand the causes of haemodynamic instability

• Define the optimal blood pressure targets or percentage
thresholds that can be individualised based on patient need
Following improvements in understanding and research,
perioperative haemodynamic standards should be included in
European Anaesthesiology guidelines to ensure patient safety and
outcomes are enhanced.

ImPrOving Education and Awareness
As well as tailored education for our patients, the targets for clinical education are
the young trainee students and the established practitioner
Prof. Franco Valenza

2

ImPrOve education on and awareness of haemodynamic instability and its strong association with poor patient outcomes

The whole perioperative team aims for the highest safety
standards and best possible outcomes for their patients. However,
they can only act on issues that they recognise.
Currently, awareness of the problem of haemodynamic instability
during high-risk surgery is low. There is no single definition of IOH
and a lack of acknowledgement in EU guidelines. This is reflected
by the general lack of a specialised perioperative care pathway
for high-risk patients.4,29 Moreover, in the Think Tank’s opinion,
anaesthetists who work predominantly in the OR often do not see
their patients in the ICU and may be unaware of the link between
haemodynamic instability and post-operative complications.
Although the risks of haemodynamic instability may not be as well
documented as other perioperative complications, such as deep

vein thrombosis / pulmonary embolism, more voices within the
community are being heard.
Therefore, the ImPrOve Tank call for enhancements of clinical
education and greater inclusion of the risks of haemodynamic
inclusion earlier on in their curriculum. This should be
underpinned by:
• Simulation training
• Practical face-to-face courses in hospitals
• Scholarships for short residencies in different centers across
Established clinicians are responsible for ‘on-the-job’ teaching, so
it is equally important that they are also targeted by educational
initiatives, including:

• Specific perioperative haemodynamic webinars and eLearning
modules (to compensate for the lack of large congresses in the
wake of the COVID-19) with European accreditation
• Establishing multidisciplinary safety commission working
groups within hospitals to analyse, discuss and solve adverse
events, such as haemodynamic instability, in surgery

ImPrOving Communicating Risk
If I’m having a procedure, I want an optimal outcome. If there are barriers to
that optimal outcome, I want to be part of that conversation and to be a
part of removing those barriers, if possible
Ms Luciana Valente

3

ImPrOve communicating the risk of surgery to patients and informing them of any complications observed during
their procedure

No surgery is without danger, yet the possibility of complications,
such as haemodynamic instability, are maximised in the highest
risk patients. Some will begin their preclinical assessment
with frailty or numerous comorbidities that increase their
risk of complications in the OR. For example, risk factors for
haemodynamic instability manifested as IOH can include older
age, a high American Society of Anesthesiologists (ASA) score
and the duration of surgery.35, 36 Further, certain antihypertensive
medications have also been shown to predispose patients to drops
in blood pressure during surgery.37,38,39
A key concept of ethics in surgery is that the perioperative team
must consider all the available and appropriate surgical options,
including not to operate, to ensure that they do not cause further
harm without providing benefits.40 As patients and their families
have a critical role in understanding the risk of the procedure,
they should also be brought into this discussion.

Shared decision-making is not a new process – it has existed
for decades, is highly complex and its components are openly
debated. One aspect of shared decision-making which the
ImPrOvE Think Tank consider to be vital in reducing the impact
of perioperative haemodynamic instability and subsequent
postoperative complications is the communication of risk.
Patients should be informed by their perioperative care team
of the key risks associated with their procedure, such as
haemodynamic instability, and how this may impact their
postoperative outcomes. While patients should be well advised of
the potential risks of their surgery, it is critical that education does
not scare the patient or their family – safety during surgery is often
assumed by the patient. Any patient-facing material should be
short and written in a lay format to aid understanding.
To ensure reassurance, patients should be made aware that
actions, such as the use of GDHT and advanced haemodynamic

monitoring technology, will be employed to mitigate the risks of
the procedure. Discussing ‘quality of life after surgery’ or ‘positive
outcomes’ may be more appropriate than ‘patient safety’.
Finally, patients have a right to know if haemodynamic instability
experienced during their procedure is likely to increase their risk
of potentially serious and life-limiting events in the 30-days after
surgery and beyond. They should be empowered by the truth
and given support and guidance on alleviating postoperative
complications if possible.
The perioperative care team already have a professional duty
of candour to their patients.41 However, knowing the serious
complications strongly linked to haemodynamic instability,9 it is
vital that any observed haemodynamic instability is highlighted in
transparent postoperative dialogue.

ImPrOving monitoring, managing and mitigating
Advanced haemodynamic monitoring technology should be part of the furniture in
the OR - used for every high-risk procedure
Prof. Marco Di Eusanio

4

ImPrOve evaluating novel technologies and therapies to effectively monitor, manage and mitigate haemodynamic instability

Patients have a right to the highest standard of perioperative
care, including the latest advanced haemodynamic monitoring
technology needed to improve health outcomes after surgery.
There is strong evidence and consensus to suggest that even brief
periods of MAP > 65mmHg during surgery increases the risk of
poor patient outcomes and mortality. 9,10,31,42

Moreover, advanced haemodynamic monitoring plays a key role
in GDHT and the high-risk perioperative care pathway in general.
While digital monitoring has been a key asset in the OR for
several decades, advanced haemodynamic monitoring, which has
the ability to forecast perioperative clinical changes, has shown
some success in predicting haemodynamic instability.21,23,24

The debate continues on how best to maintain MAP <
65mmHg, or whether this is in even the most important factor to
consider. Despite this, trials have shown that GDHT can reduce
postoperative complications and length of hospital stay versus
standard blood pressure management strategies in high risk
cardiac and non-cardiac surgery. 16,17,18,19,20

A selection of randomised clinical trials that used GDHT
and advanced haemodynamic monitoring can be found in
Appendix 2.
The ImPrOve Think Tank calls for further robust and homogenous
trials into protocolised treatment processes and advanced
haemodynamic monitoring. This will subsequently help other

clinicians to fully understand how best to predict and treat
haemodynamic instability and, ultimately, reduce the risk of
postoperative complications and improve patient safety.
Access to the latest advanced haemodynamic monitoring
technology is an issue across Europe. However, health funds
are available at a European (Europe EU4Health 2021-2027,
The Recovery and Resilience Facility – Next Generation EU,
European Fund for Regional Development, European Social Fund
Plus, Horizon Europe, Digital Europe Programme) and national
level to ensure that healthcare systems can purchase advanced
haemodynamic monitoring technologies.

ImPrOving Postoperative Monitoring
Anaesthetists must have a presence in the postoperative ward, as well as the
operating room
Prof. Olivier Huet

5

ImPrOve availability of appropriately staffed and equipped postoperative beds and long-term monitoring

A more proactive approach of early admission to critical care
and increased monitoring for high-risk patients in the immediate
postoperative period may improve patient outcomes.6,31
While data is currently limited, there is growing discussion around
the risk of postoperative hypotension.31 In fact, early evidence
suggests that the risk signal for harm is far greater for hypotension
experienced after rather than during surgery.43
However, this is in contrast to current standard of care for
haemodynamic monitoring in the postoperative period, which
is often swiftly stepped down from continuous monitoring to
intermittent measurement every four to six hours.31 As the
availability and our understanding of non-invasive advanced
haemodynamic monitoring improves, the ImPrOve Think Tank

expects that all high-risk patients will be continuously monitored in
the postoperative period.
Getting patients out of hospital as quickly as possible, mobile
and in good physical health is in the benefit of all stakeholders.
Therefore, patients with minimally invasive surgery should receive
physical rehabilitation as soon as possible. Physical therapy can
begin rapidly, and there is high quality evidence to suggest that
postoperative training and rehabilitation should begin swiftly after
surgery to improve functional mobility and reduce complication
risk / length of hospital stay.44
Surgery can be stressful, particularly for the elderly and
other high-risk patients. Delirium after surgery is an important
postoperative complication in this population, as it can increase

mortality and length of hospital stay, as well as reduce patient
quality of life.45,46There is evidence to suggest that family contact
in the ICU / HDU can reduce delirium, and potentially improve
the patient experience.44,45
The ImPrOve Think Tank pushes for rapid physical therapy and
first family contact in all appropriate high-risk surgery to improve
outcomes and safety.

ImPrOving Safety and Outcomes
The perioperative team want to give their best every time. It is part
of our DNA
Dr Jerome Loriau

6

ImPrOve high-risk patient safety and outcomes in line with other established
patient safety organisations and movements

The main goal of every perioperative team is to ensure optimal
patient safety and outcomes. Therefore, it is important to address
the relatively high perioperative mortality rates that are being
observed in Europe.4
Perioperative patient safety is not a new concept. There are
numerous Global and European organisations and movements
which promote the welfare of patients, such as The Anesthesia
Patient Safety Foundation (APSF; https://www.apsf.org/), The
Patient Safety Movement (PSM; https://patientsafetymovement.
org/) and The European Patient Safety Foundation (EUPSF;
https://www.eupsf.org/).

It is important that the ImPrOve Think Tank does not bypass
the work that is already ongoing to enhance patient safety
and outcomes. Rather, The Think Tank will collaborate with the
established groups, using its expertise to promote the need
to monitor, manage and mitigate haemodynamic instability –
a significant but avoidable complication resulting in serious
postoperative harm.

Calls to action:
Improve high-risk patient safety and outcomes through better haemodynamics – from research to long-term monitoring

Positive outcomes of high-risk surgery are the desire of all patients,
anaesthetists, surgeons and the whole perioperative care team.
However, despite significant medical advances, European
morbidity and mortality rates in the 30-days after surgery are too
high. The ImPrOve Think Tank convened to address a common
complication of high-risk surgery they consider to be most urgent

and dangerous: haemodynamic instability, manifested as IOH.
Without intervention, haemodynamic instability can have serious
and sometimes fatal consequences for high-risk patients. The
subsequent financial impact of increased hospitalisations and
hospital stay also has a significant impact on European healthcare
systems. However, if haemodynamic instability is effectively

The ImPrOve Think Tank defined its calls-to-action for each
stakeholder – clinicians, policy makers and patients– to make
meaningful change to patient safety and outcomes

Invest

Train
Ensure adherence to and implementation of new European guidelines on
blood circulation during surgery by improving training for clinicians.

Secure new sources of funding for hospitals to invest in innovative digital
monitoring technologies, such as advanced haemodynamic monitoring, to
maintain stable blood circulation during surgery.
Policy makers

Clinicians

Involve

Support
Recognise in health data policies the value of patient safety data generated
by innovative digital monitoring technologies.
Policy makers

monitored and prevented, these serious complications can be
avoided, and patient outcomes can be significantly improved.

Involve patients in a dialogue about the risks of poor blood circulation so they
are invested in the actions taken to ensure the best outcomes and safety before,
during and after surgery.
Clinicians

Patients

Fundamentally, these solutions, supported by advanced haemodynamic monitoring technology, intend to reduce the risk
of haemodynamic instability and improve patient safety and outcomes after high-risk surgery.
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Appendix 1:
Detailed breakdown of the stakeholder role within the calls-to-action and
suggested benefit

Patients

Current situation:

The ImPrOve Think Tank calls for:

Reducing haemodynamic instability and
improving patient safety means:

Patients to be better:

• better outcomes of surgery and quality
of life
• quicker recovery
• less time in hospital and the intensive
care unit (ICU).

Reducing haemodynamic instability and
improving patient safety means:

Clinicians

Policy makers

• better quality of care for patients
• more hospital and ICU beds available
for those who need them most.

• informed of the key risks associated with their procedure,
such as haemodynamic instability
• aware that actions, such as the use of advanced
haemodynamic monitoring, will be taken to mitigate
these risks
• involved in transparent postoperative discussion to
understand whether complications were experienced.
Clinicians to be better equipped to:
• tailor their high-risk patients’ perioperative pathway by
monitoring, managing and auditing haemodynamic
stability underpinned by haemodynamic standards in
updated European and national guidelines
• have a duty of candour to discuss perioperative
complications with their patients.

Reducing haemodynamic instability and
improving patient safety means:

Policy makers to be better able to invest newly
available EU funding in:

• dramatic healthcare cost savings.

•
•
•
•

researching the causes of haemodynamic instability
perioperative haemodynamic interventions
innovative digital monitoring technology
and the relevant training to use them.

Appendix 2:
A selection of trials evaluating GDHT and advanced haemodynamic monitoring vs. standard care
Study

Surgery type

Intervention

Outcomes

Pearse et al, 2014:
Effect of a Perioperative, Cardiac Output–
Guided Hemodynamic Therapy Algorithm on
Outcomes Following Major Gastrointestinal
Surgery - A Randomized Clinical Trial and
Systematic Review (OPTIMISE)

Major gastrointestinal

Intravenous fluid and inotropes according to a
cardiac output–guided hemodynamic therapy
algorithm developed by an expert group.

Relative risk reduction in favour of the
intervention for complications or death within
30 days (0.84 [0.71-1.01] P=0.070)*

Calvo-Vecino et al, 2018:
Effect of goal-directed haemodynamic
therapy on postoperative complications
in low-moderate risk surgical patients: a
multicentre randomised controlled trial
(FEDORA)

Major abdominal, urological, gynaecological,
orthopaedic

Relative risk reduction in favour of the
intervention for cumulative mortality at 180
days (0.86 [0.74-1.00] P=0.09)*
Oesophageal Doppler monitor-guided
haemodynamic therapy in which intravenous
fluids, vasopressors and inotropes are
administered according to an algorithm.
Combines the preload-afterload-contractility
concept, cardiac output is measured and stroke
volume is optimised.
Uses an optimal target of MAP >65mmHg and
Cardiac Index (CI) >2.5mL min-1 min-2

Significantly fewer complication in the
intervention group (8.6% vs. 16.6%, P=0.018)
Fewer subjects suffered moderate or severe
AKI, acute respiratory distress syndrome,
acute pulmonary oedema, pneumonia, or
superficial or deep surgical site infection in the
intervention group.

Study

Surgery type

Intervention

Outcomes

Futier et al, 2017:
Effect of individualised vs Standard Blood
Pressure Management Strategies on
Postoperative Organ Dysfunction Among HighRisk Patient Undergoing Major Surgery – A
Randomized Clinical trial

Major abdominal and non-abdominal surgery

Peripheral infusion of norepinephrine to
maintain blood pressure at predetermined
target of approximately 10% below the
baseline systolic level. All patients had cardiac
output measured and stroke volume optimised.

Relative risk reduction in favour of the
intervention for primary outcome ( composite of
systemic inflammatory response syndrome and
dysfunction of at least 1 organ system of the
renal, respiratory, cardiovascular, coagulation,
and neurologic systems by day 7 after surgery)
in the intervention group (0.73; [0.56-0.94]
P = 0.02)
Significantly fewer patients in the intervention
group had postoperative organ dysfunction by
day 30 (46.3% vs 63.4%).

Schneck et al, 2020:
Hypotension Prediction Index based
protocolized haemodynamic management
reduces the incidence and duration of
intraoperative hypotension in primary
total hip arthroplasty: a single centre
feasibility randomised blinded prospective
interventional trial

Primary total hip arthroplasty

A goal-directed haemodynamic therapy
algorithm based on the hypotension prediction
index.

Significant reduction of IOH in the intervention
group (48% vs 87.5%).

Osawa et al, 2016:
Effect of Perioperative Goal-Directed
Hemodynamic Resuscitation Therapy on
Outcomes Following Cardiac Surgery:
A Randomized Clinical Trial and
Systematic Review

Coronary artery bypass surgery or valve repair

Cardiac-output guided haemodynamic
therapy algorithm (a cardiac index of greater
than 3 L/min/m was targeted with IV fluids,
inotropes, and RBC transfusion starting from
cardiopulmonary bypass and ending 8 hours
after arrival to the ICU).

30-day mortality and major postoperative
complications were reduced in the goaldirected therapy group (27.4% vs. 45.3%;
P=0.037).

