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Applicability and development
of artificial intelligence in
critical patients

Moderator: Miguel Angel Taberna Izquierdo Monday, May 13, 2024

1. WHAT DIRECTIONS DO WE HAVE IN TERMS OF ARTIFICIAL INTELLIGENCE?

Juan José Beunza Nuin

Artificial intelligence (Al) has the ability to transform the ICU at different levels'

Recognition of
the disease

Al in critical

Prediction of ¢
disease patients .C'Omplex '
progression decision-making

Recognition of unique
patterns in complex
data

Patient monitoring / sensorization (Internet of Medical Things)

- Automation

- Streaming (machine learning and real-time)

- There are many monitorable variables and variables susceptible to monitoring?®

- Al helps reduce the number and duration of false alarms and promotes effective monitoring*
Prediction of disease progression>®

Support in clinical decision
- Early detection
- Predictive models

- Precision medicine

Using generative Al

- Ability to create new ideas and contents, beyond machine learning
RECOMMENDATIONS:

1. Training with own data is fundamental:
- The similarities and discrepancies between cohorts used for training and the local population have to be considered.

- Clinical validation is essential (at the beginning and then regularly).

2. Smaller models with texts and specific clinical tasks provide better results (as well as local, cheaper, more private) than general large language
models (LLM)%"°,

3. It is essential to train clinicians in the use of Al.

4. This should be an interprofessional endeavor: clinicians together with IT experts and linguists. Intensivists should be involved in the process from the start.

CHALLENGES POSED BY Al IN THE ICU:

Lower clinical Suboptimal

preparation

Privacy and data
exchange

compliance with
standards

Interpretability

CONSIDERATIONS GOING FORWARD:

- Efficient data transfer
- Data de-identification
- Fast processing

- Quality assurance

- Decentralized federated learning
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2. PRACTICAL APPLICATION OF ARTIFICIAL INTELLIGENCE IN CRITICAL PATIENTS

Federico Gordo Vidal

Al is the ability of machines to simulate human intelligence.

Creating systems that can learn, reason and make decisions in a similar way to a human.
Thus, Al comprises mathematical models that depend on the data they analyze in an advanced manner and that they use to generate
answers.

Al is present in daily activities in the ICU and around critical patient care. However, its applications will grow exponentially and the whole healthcare
model will change:

Early detection and Score follow-up and severity
admission assessment evolution

Identification of phenotypes
with different approaches

Detection of sepsis

Monitoring or imaging systems Generative Al for the development
embedded in medical equipment of studies, protocols, etc

Currently, the best application of Al has to
do with clinical decision-making assistance
systems and task simplification.

Characteristics of intensive medicine that make Al particularly necessary in the ICU™

Uncertainty in

Complexity High costs results

Need for prediction

Need to reduce Volume of data stored
adverse effects in real time

Variability

BENEFITS VERSUS DRAWBACKS OF Al

- Ethical considerations (equal
availability between areas or sites,
transfer of data to private companies)

- Privacy and security

- Personnel training and need for new
profiles

\4
A

- Customization of care and higher
efficiency and precision

- Process optimization (automation and
load reduction)

MODELS USED BY Al*

Supervised learning Unsupervised learning Neural networks

Model training with labeled data Unlabeled data processing and Mimic the human brain function
to perform precise predictions pattern discovery with no previous
guide

* Not all generated models are applicable outside of the environment where they were trained.
Critical steps in the implementation of Al in clinical practice™:

1. Creating reliable, cooperative, accessible databases.

Are quality data really accessible in the ICU?
2. Connection of fully integrated equipment and systems that speak the same language and can transfer information in real time.

3. Incorporation of professional profiles that allow working with Al systems and data in an interdisciplinary manner.

Standardization processes and ethical approaches are required to use Al. Besides, for the time being, all decisions must be supervised by
a specialist.
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1. PATIENT BLOOD MANAGEMENT (PBM): FROM MYTHOS TO LOGOS

Manuel Quintana Diaz

The introduction of PBM started in 2007-2012 at the University of Western Australia'.

PBM has shown extensive benefits in terms of patient outcomes and cost reductionl. PBM focuses on patient safety and does not only contemplate
blood management, blood being such a scarce resource. Unlike the optimal use of blood, the goal of which was to minimize effective doses of blood
products, PBM focuses on improving health outcomes.

PBM is mainly about promoting a (very) good management of patients and donors.

All three pillars of PBM lead to the following objectives:

Increasing tolerance to anemia

Plus, all of them entail better clinical outcomes.

PBM responds to 3 WHO challenges:
- Insufficient supply of safe, effective, transfusion quality blood products.
- Insufficient availability of plasma-derived medicinal products.

- Suboptimal clinical practices in blood product transfusion.

These are the 5 reasons to implement PBM:

Evidence

Ethics

SITUATION IN SPAIN

In Spain, there is currently a substantial interregional transfusion variability2, with significant differences in the transfusion rate between regions:

Red blood cells Platelets

>70% >200% >300%

Furthermore, the national survey on PBM in intensive care has revealed that just over 20% of hospitals where the responders were located have
implemented PBM programs.

In Spain, anesthesiologists are the main players in the development of PBM programs, given their application in surgical patients. Nevertheless, PBM
is also applicable to another type of patients, namely, critical patients, and intensivists need to be involved. In fact, according to the WHO, healthcare
services should implement Multidisciplinary and Multimodal programs to manage these patients, based on the three pillars of PBM.

In order to start and implement PBM programs, the next steps must be followed3:

Carefully recording and

Preparing multidisciplinary following up on data for
and multimodal teams with purposes of evaluation and
a clear leadership continuous improvement

Developing policies, Including strategies in
protocols, algorithms, continuous training
and guidelines

Obtaining support from people in charge of healthcare systems or institutions, which may come before or after the start of this process.

MULTIDISCIPLINARY ORGANIZATION OF PBM PROGRAMS*
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It is relevant for intensivists to exercise this leadership as PBM program coordinators.

KNOWLEDGE
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2. TRANSFUSION THRESHOLDS: ARE THERE EXCEPTIONS TO THE RESTRICTIVE POLICY? ARE THEY REAL?

Blanca Furquet Lépez

ICU anemia management figures

Transfusions of red
blood cells with
in o Hb decrease

Average red blood

LB cell units per stay

receiving transfusions

30-50% 5 40-90%

Patients with anemia Patients with
on admission anemia on the
8t day

60% 97%

Currently there is enough evidence to assure that restrictive transfusion strategies are safe in critical patients with anemia®. According to a survey
that determined transfusion habits in several countries, most participants considered transfusion in critical patients if hemoglobin was below 7 g/dL®.

However, there are doubts in patients with the following conditions:

Acute myocardial Cardiovascular Major vascular Neurocritical

infarction disease surgery patients

These exceptions to a restrictive transfusion policy are real and they are found in a high proportion of clinical settings.

ACUTE CORONARY SYNDROME
There is an insufficient delivery of O, to the myocardium (due to thrombosis or stenosis) . DO, supply/demand unbalance.

- Overtransfusion can worsen the extraction of O, ) SHUNT.
- Transfusion can lead to heart failure due to volume overload.
- Anemia is a risk factor independent from adverse cardiovascular events.

Guidelines recommend a liberal strategy (9-10 g/dL)s or do not lean towards any of the options”.

%o\ Available evidence from RCTs:

Liberal strategy versus restrictive strategy:

- No reduction of risk of reinfarction or death within 30 days.
- Lower mortality for cardiac causes.

- Higher clinical benefit.

Carson et al, NEIM, 20238

Restrictive strategy versus liberal strategy:
- Major adverse cardiovascular event ratio not lower after 30 days.
- Potential clinical damage cannot be ruled out, since this is a non-inferiority study.

Ducrocq et al, JAMA, 20271°

STABLE CARDIOVASCULAR DISEASE

An alteration of compensatory mechanisms occurs, to supply O, to tissues in case of acute disease or anemia.

Available evidence from meta-analysis:

Liberal strategy versus restrictive strategy:

- Reduction of relative risk of adverse coronary event, both when CVD is known and
when it is not.

- Reduction of mortality.

- Catheterization or surgery to correct the cardiovascular defect cancel the benefit of
the liberal strategy.

Cortés-Puch et al, Transfus Med, 2018

HEART SURGERY

Limit cardiac reserve + hemodilution . higher risk of anemia-induced tissue hypoxia.

- Transfusion involves a risk factor of death and worse outcomes.

Guidelines recommend a restrictive strategy (7.5 g/dL)>.

Eo\ Available evidence from RCTs:

Restrictive strategy versus liberal strategy:
Mazer et al, NEIM, 2017" - Not inferior in the combined outcome of death by any cause, myocardial infarction,
stroke, or outbreak of renal failure with dialysis.

Murphy et al, NEIM, 2015™ Restrictive strategy versus liberal strategy:
- Not superior in morbidity or costs.

Restrictive strategy versus liberal strategy in perioperative setting:
- Not inferior in the combined outcome of death by any cause after 30 days and
severe morbidity.

Hajjar et al, JAMA, 2010"

MAJOR VASCULAR SURGERY
The ability to fulfill the increased O, demand due to surgical trauma depends on the ability to increase the cardiac output.

- Both results and practices in cardiac surgery are extrapolated.

Guidelines recommend a hemoglobin threshold of 7.5-8 g/dL®.

Available evidence from RCTs:

Low threshold (<8 g/dL) versus High threshold (< 9.7 g/dL):
Mgller et al, NEIM, 2019 - Increase in mortality and major vascular complications and lower survival
- Worse clinical outcomes

NEUROCRITICAL PATIENTS

There is an inverse relationship between hematocrit and cerebral blood flow (due to increase in viscosity), and the risk of ischemia
can be increased.

- It is necessary to maintain an adequate cerebral perfusion with the highest delivery of O2 to the brain tissue (optimal
hematocrit)®™.

Guidelines do not take a stance on restrictive or liberal strategies®.

%o\ Available evidence from RCTs:

Liberal strategy vs. Restrictive strategy:

- Lower mortality

- Better neurological outcome

- Lower incidence of post-traumatic vasospasm

Gobatto et al, Crit Care, 2019

High target (>10 g/dL) vs. Low target (>7 g/dL) vs.:

Robertson et al, JAMA, 2014" - . U
- Increase in thromboembolic complications

In conclusion:

- A more comprehensive study is needed on subgroups in these exceptions to identify which patients may benefit from more restrictive strategies and
which patients are high risk and require higher transfusion thresholds.

- Methods to quantify the demand and release of O? in tissues should be improved, in order to identify patients that may better benefit from transfusion.

- Transfusion best practices should be based not only on hemoglobin concentration, but also on considering the signs and symptoms experienced by
patients, their comorbidities, the rate of bleeding, and their preferences.

- Transfusion limits in neurocritical patients or with acute coronary syndrome are not clearly established.
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1. WHEN DO WE HAVE A REFRACTORY SHOCK?

Celina Llanos Jorge

DEFINITION OF REFRACTORY SHOCK

Clinical syndrome caused by an unbalance between the tissue requirement for oxygen and the ability of the cardiovascular system to meet that
requirement, due to an acute cardiac dysfunction'. This a complex syndrome leading to the occurrence of tissue and organ hypoperfusion.

CLASSIFICATION OF CARDIOGENIC SHOCK?

E (Extremis):
PCR -RCP or ECMO. Multiple interventions

D (Deteriorating):
C, worsening and not responding to initial interventions

C (Classic):
Hypoperfusion requiring intervention (inotroic, pressure,
mechanical or ECMO)

B (Beginning):
Clinical evidence of relative hypotension or
tachycardia without perfusion

A (At risk):
Without symptoms or signs, at risk of developing them
(extensive IAM or acute and/or chronic heart failure)

DEFINITION OF REFRACTORY CARDIOGENIC SHOCK

It is characterized by the persistence of hypoperfusion despite a proper therapeutic approach?.

! ® 0

IC < 2.2 I/min/m?2 SBP <90 0 ABP =60 Hypoperfusion PAOP =15 mmHg Cardiogenic shock

Refractory cardiogenic shock If it does not respond to an adequate

medical and/or mechanical treatment

There is no consensus as to the definition or diagnostic criteria, and even the criteria used to define the population with refractory cardiogenic shock
vary between clinical trials®. Anyway, it should be understood as a continuous, and an early approach is key to avoid progression.

Zapata et al. 2024’ Hypoperfusion + multiorgan failure despite the etiological treatment and adequate support

Sarma et al. 20243 Hemometabolic shock: multiorgan failure + acidosis, refractory to stabilization measures

- SCAI D (Deteriorating): C stage, but with more decline, due to lack or response

1 5
Nl @8 b 022 - SCAI E (Extremis): need to quickly escalate support up to very high levels, with no response

SCAI: Society for Cardiovascular Angiography and Intervention

What are the right
therapeutic measures?

Early What response
implementation time should be
of MCS? REFRACTORY

considered

CARDIOGENIC
SHOCK

Escalating medical
therapy before the use
of MCS?

What is considered to
be a lack of response?

. .
. .
oooooooo

MCS: Mechanical Circulatory Support.
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2. DIAGNOSTIC APPROACH AND HEMODYNAMIC MANAGEMENT OF SHOCK WITH ECHOCARDIOGRAPHY

Ana Ochagavia Calvo
In order to properly diagnose shock, it is essential to consider aspects related to it physiology and hemodynamic monitoring. This will allow us to answer
clinical questions and be able to make the right decisions.

Echocardiography is a useful tool in the assessment of the cardiovascular function of critical patients. It is a non-invasive or minimally invasive technique,
for bedside application, providing real-time anatomical data. Its main indication in the ICU (40% of cases) is the assessment of the cardiocirculatory
function in patients in shock®.

Abasic level of knowledge in echocardiography should allow the etiological diagnosis of typical cases-severe left ventricular failure, severe right ventricular
failure, cardiac tamponade, massive valve insufficiency, or hypovolemia.

Current recommendations suggest a more advanced performance and interpretation of echocardiography when the treatment response is Insufficient
or when there is a need to delve deeper into the pathophysiology”.

When faced with a patient with cardiogenic shock, it is essential to ask ourselves what the relevant parameters are and choose hemodynamic monitoring
accordingly'. Echocardiography allows to assess a great deal of parameters.

RELEVANT UTILITY PARAMETERS

Cardiac output (CO)

Pulmonary artery occluded pressure (PAOP)

- Semiquantitative estimation

Assessing volume responsiveness (leg elevation)
- Variation in aortic peak flow velocity
- Diastolic blood pressure

- Vena cava variation

- Kissing walls

Cardiac power

Pulmonary Artery Pulsatility Index (PAPI)
LIMITATIONS OF ECHOCARDIOGRAPHY

- There is interobserver variability:
- An adequate training is necessary
- Different skill levels: basic and advanced

- Itis not a continuous hemodynamic monitoring tool

HEMODYNAMIC MONITORING ALGORITHM OF CARDIOGENIC SHOCK:

Multimodal hemodynamic monitoring in cardiogenic shock

BASIC HEMODYNAMIC MONITORING

‘ Physical examination, pulse oximetry, ECG, FR

mmma Basic echocardiography

CVP, PPV
CRT, lividness (reanimation objectives?)

REANIMATION
OBJECTIVES

Insufficient response to treatment and/or need to delve
deeper in the process pathophysiology

l ABP

Lactate
GapCO2

ADVANCED HEMODYNAMIC MONITORING

ScvOo2

CcO

PBP
PAOP

DO2 and VO2 variables

\
Advanced echocardiography
@ .

ELWi, PVPI
CFl, GEDVi

Multimodal monitoring in cardiogenic shock®

PAC: pulmonary artery catheterization. CP: Cardiac power DO,: Oxygen delivery. ELWi: extravascular lung water index. GapCO,: pCO, veno-arterial
difference. CO: cardiac output. CFl: cardiac function index. PAPI: pulmonary artery pulsatility index. PVPI: pulmonary vascular permeability index. ABP:
average blood pressure. PBP: pulmonary blood pressure. PAOP: pulmonary artery occlusion pressure. CVP: central venous pressure. ScVO,: central
venous O, saturation. SvO,: mixed venous O, saturation. TPTD: transpulmonary thermodilution. CRT: capillary refill time. VO_: O, consumption. PPV: pulse
pressure variation. GEDVi: global end-diastolic volume index.
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3. MEDICAL MANAGEMENT OF REFRACTORY SHOCK

Luis Martin Villén

Refractory cardiogenic shock is a condition with different etiologies and a changing process that evolves over time. Consequently, its management
is complex and it depends on the origin and stage. Furthermore, treatment must be applied based on clinical and hemodynamic parameters.

The intervention of cardiac intensive medicine specialists is essential, and it has an impact on mortality®.

These are the main therapeutic interventions in cardiogenic shock:

1. Revascularization

- Over 50% of cardiogenic shocks occur in the context of acute coronary syndrome. Therefore, coronary revascularization is a fundamental element.

- The evolution of mortality in cardiogenic shock is time-dependent.

2. Antithrombotic treatment

- Intestinal absorption of antiplatelet drugs may be diminished or be insufficient in patients with cardiogenic shocklO. Therefore, the risk-benefit ratio
of that treatment should be assessed in order to choose the antithrombotic strategy.

3. Management of arrhythmias

- The question arises whether they are the cause or consequence of shock before approaching its treatment™™".

4. Fluid therapy and vasoactive drugs

- Based on the stage of myocardial damage and the observed parameters®.

A/

E— CONTRACTILITY SVR and AFTERLOAD

=4 =

Inodilators Inotropics Inopressors Vasopressors

- Management using fluid challenge must be performed once the patient is properly categorized and standardized and not systematically®.

5. Volume depletion by diuretics

- Pharmacologic therapy applied through a stepped algorithm better preserves kidney function, and it is associated with less adverse events than
ultrafiltration™,

- Using hemofiltration exclusively in these cases of established acute kidney failure™.

6. Vasoactive drugs

- This is the basic support treatment for cardiogenic shock, although more evidence is required'®, |t includes vasopressors and inotropes.
- The goal should be ABP < 65 mmHg / SBP > 90 mmHg®.
- There is no evidence of superiority for any of the inotropic drugs.

- Levosimendan could be useful in beta-blocked patients and with SCAI C or lower. The evidence supporting its use comes from older studies not
including high-severity patients®.
- A stepper approach is necessary when using vasoactive drugs, following the right algorithms?'22,

7. Respiratory support

- The effects of mechanical ventilation, both beneficial and deleterious, need to be known to optimize their use?.
8. Temperature control

9. Analgesia and sedation
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4. WHEN SHOULD | REFER MY PATIENT TO A SHOCKCENTER

Maria Paz Fuset Cabanes

The therapeutic strategy in cases of cardiogenic shock is the following:

Shock center

Optimization Mechanical

assistance
Organ support

+
Etiological treatment

Severity

Diagnosis

Monitoring — shock phenotype

\

Even though patients should be transferred in the last step of that strategy, they may also have to be transferred in previous steps because no more
treatments can be provided at our hospital. Anyway, when managing shock, the following is essential:

..........
o .

Right patient Right treatment

TRASLADO AL

SHOCK CENTER

Right time Right place

. .
. .
oooooooo

Factors to be considered when referring cardiogenic shock patients to a shock center.

SHOCK ETIOLOGY

Determination of severity in two ways:

- SCAL in stages A and B the patients can be optimized; in stage C as well, but mechanical intervention may be necessary, and we may not have it
available.

- VIS (Vasoactive-Inotropic Score): higher scores are related to a higher mortality?s, and in surgical patients, besides, with the incidence of acute kidney
damage, the duration of mechanical ventilation and the duration of hospital stay, among others®. It is recommended to transfer patients with a score
> 21 to a center where they can access all potentially necessary interventions?,

When choosing candidate patients to mechanical circulatory support it is important to critically assess available publications and to take into account
that they are endorsed by the brands marketing each device®.

RELEVANT ASPECTS:

- Creating shock teams to make multidisciplinary agreed decisions.

- Creating interhospital networks and obtaining institutional support.
- Developing interhospital transfer protocols.

- Registering and studying potential improvements.

- Reclaiming the role of intensivists in the following aspects:
Diagnosis

Stratification

- SCAI
- Baseline VIS

- Monitoring according to severity
Start of organ support
Planning of etiological treatment

Reevaluation

- VIS
- Lactate

- Multiorgan failure
Definition of the therapeutic strategy
Contact with other specialties and/or centers

Transfer planning

In summary, patients should be referred in the following cases:

1. Impossibility of patient optimization within 6-12 hours

2. Need for a specific treatment:
- Etiological
- For complications

- For poor evolution
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1. TRANSFUSION STRATEGIES IN BRAIN INJURED PATIENTS

Fabio Silvio Taccone

Anemia can worsen secondary cerebral hypoxia after a traumatic brain injury (TBI)"2. However, red blood cell transfusion has also been associated to
worse outcomes?.

Clinical practice guidelines indicate the following in terms of applicable hemoglobin thresholds:

British3 European*
. TBI or cerebral ischemia L Without recommmendations
Target Hb 9 g/dL in terms of thresholds
L Subarachnoid hemorrhage

Target Hb > 8-10 g/dL

In practice, it has been observed that the use of thresholds varies between countries:
- USA:82-89 g/dL

- Canada: 7 g/dL

- Sweden: > 10 g/dL

APPROACH: RED BLOOD CELL TRANSFUSION

Its effect on brain oxygenation is unclear, as well as its efficacy and safety (variability between studies):

- Naidech et al. (2010): Similar safety to liberal management in patients with subarachnoid hemorrhage®.

- Desjardins et al (2012): There is not enough evidence to confirm differences as to the effect between restrictive and liberal targets in neurocritical
patients’.

- Robertson et al (2014): ): In patients with TBI, liberal management does not improve neurological outcomes after 6 months and it is associated with a
higher incidence of adverse eventss,

- Yamal et al (2015): No clinically significant differences or effects on long-term neurological outcomes or in mortality between liberal and restrictive
management®.

- Vedantam et al (2016): Potential adverse effects with liberal management after a severe TBI™.

- Gobatto et al (2019): Lower hospital mortality and better neurological status after 6 months with liberal rather than restrictive management in patients
with TBI"

INDIVIDUALIZATION OF THE APPROACH

Fixed hemoglobin targets should not be used to make decisions, but transfusion triggers'?®.

Hb <7 g/dL Hb 7-7.9 g/dL Hb 8-8.9 g/dL Hb 29 g/dL

BENEFITS OF TRANSFUSION RISKS OF TRANSFUSION

Neurological examination

Awake-Conscious Coma

¢ —

Systemic triggers Neurological triggers
v v v v

ScVO,>70% ScVO,<60% PtiO,>20 mmHg PtiO,<20 mmHg
Normal lactate High lactate SvjO, (rSO2)>65% SvjO, (rsO2)<65%
\/
Restrictive strategy No transfusion Considering transfusion

Hb: hemoglobin. ScVO.: central venous O, saturation. PtiO,: O, tissue pressure. SVjO,: O, jugular saturation.

NEED FOR RESEARCH AND DATA

Further randomized controlled trials are needed to assess the usefulness of red blood cell transfusion to increase hemoglobin in patients with TBI. The
following studies are currently ongoing:

Taccone FS, et al. TRansfusion strategies in Acute brain INjured patients (TRAIN): a prospective multicenter
randomized interventional trial protocol. Trials. 2023 Jan 7;24":20. doi: 10.1186/513063-022-07061-7.

Turgeon AF, et al; HEMOTION Trial Team, the Canadian Critical Care Trials Group, the Canadian Perioperative
a HEMO‘“ ON Anesthesia Clinical Trials Group and the Canadian Traumatic Brain Injury Research Consortium. Haemoglobin
S, transfusion threshold in traumatic brain injury optimisation (HEMOTION): a multicentre, randomised, clinical
TRIAL trial protocol. BMJ Open. 2022 Oct 10;12'%:e067117.
doi: 10.1136/bmjopen-2022-067117.

6’3 English SW, et al; Canadian Critical Care Trials Group. Aneurysmal SubArachnoid Hemorrhage-Red Blood
» Cell Transfusion And Outcome (SAHaRA): a pilot randomised controlled trial protocol. BMJ Open. 2016 Dec
7:6%:e012623.

SAH ad RA doi: 10.1136/bmjopen-2016-012623.
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