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Rehabilitation in critically ill 
children: not just child´s play

R
ehabilitation in the pediatric 
ICU (PICU) will be placed 
under the spotlight this 
morning, with Karen Choong 
(Departments of Pediatrics 

and Critical Care, McMaster University, 
Hamilton, ON, Canada) taking the audi-
ence through the evolution, benefits and 
implementation challenges of rehabilita-
tion practices.

In conversation with ISICEM News, 
Dr. Choong began by highlighting that, in 
recent years, the population in PICUs is 
changing, with improvements in mortality 
having an effect on the complexity of pa-
tients who are admitted and, importantly, 
readmitted. “Mortality rates are changing 
because we’ve got so good at saving 
lives,” she said. Indeed, she added that 
advanced technologies and advanced 
life support systems, along with better 
care of frail and premature neonates, has 
meant that most children are now surviv-
ing the PICU.

However, despite a mortality rate 
in developed countries of only a few 
percent, there are a new set of 
challenges in tow. “The children 
that we’re seeing coming into the 
PICU now, most of them actually 
have some underlying disabili-
ties or chronic conditions,” said 
Dr. Choong.

With the observation that 
readmissions to the PICU are 
significant, the question emerges 
as to why this mortality persists 
after children leave the PICU, and what 
brings them back? “Why the mortality 
rate is higher post-PICU is still a little bit 
unclear, but I think part of it is very much 
related to the intrinsic comorbidities of 
these children,” she said. “Some of the 
chronic, critically ill patients are frail, and 
that’s why they come back. But some of it 
is consistent with adult data for patients 
with sepsis, in that their recovery is more 
protracted. So, there are a few different 
factors at play, and we’re still trying to 
figure it out.

“That’s why we’re starting to try 
and dissect the different populations, 
because the mortality rates have fallen, 
but actually only fallen for patients 
who have a short PICU stay, and have 
been previously healthy in the past. The 
mortality rate hasn’t changed, and in fact 
has even gone up, for patients who have 

chronic critical illness. So, we’re trying 
to understand this concept of chronic 
critical illness, and looking at what we 
can do from within the PICU to try and 
help improve recovery in these patients. 
And that’s why the field of rehabilitation 
is so exciting because it’s not just about 
resuscitation anymore.”

Post-intensive care syndrome (PICS) 
– denoting persistent health problems 
that remain after critical illness – is also 
applicable in PICU patients, said Dr. 
Choong, although because children are 
still developing, their trajectories may be 
a little different. “In addition, the family 
diet is more difficult to disseminate from 
the child because they are very much 
linked to their family and their siblings,” 
she said.

Interestingly, some of the physical, 
psychological and emotional hallmarks 

of PICS which affect children, as they do 
in adults, also extend to their immediate 
families. “The family and patient are one 
unit in pediatrics, because the family has 
a very strong influence on the recovery 
of a child,” said Dr. Choong. “They are 
so dependent on the caregiver for their 
support and their recovery, and we have 
found that parental stress very much 
influences how a patient recovers while 
they are in the ICU, as well as how they 
recover outside of the ICU.”

It follows that a rehabilitation strate-
gy aiming to decrease parental stress and 
burden could help in improving outcomes 
for the child in the PICU. To that end, in 
one of their earlier studies, Dr. Choong 
and colleagues looked at functional 
recovery and found that the higher the 
parental stress, the longer the length of 
stay in the PICU for the pediatric patient. 
Therefore, the implementation of coping 
and rehabilitation strategies could have a 
big influence on reducing parental stress, 
which in turn improves a child’s recovery 
after the PICU.

Realization that PICS affects children 
is mostly based in newly emphasized 
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“The field of rehabilitation 
is so exciting because 
it’s not just about 
resuscitation anymore.”

KAREN CHOONG
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observation, said Dr. Choong. “Before, 
we just didn’t measure it, but once we 
started measuring it, the symptoms 
and the significance in children is actu-
ally just as common as it is in an adult.”

In terms of how rehabilitation in 
the PICU has evolved, Dr. Choong 
stressed that it has been a learning 
curve. “Researchers and practitioners 
in both adult and pediatric medicine 
really have had to learn what reha-
bilitation is, because that’s not the 
background we came from, and that’s 
not where our training is,” she said.

As Dr. Choong explained, it became 
apparent that while so-called ICU-
acquired weakness was a significant 
predictor of ventilator time, ICU stay 
and mortality, looking more closely, it 
was actually a constellation of factors 
that were impacting on rehabilitation. 
A key factor was the lack of mobiliza-
tion of patients in the ICU, which itself 
has a complicated relationship with 
another typical practice: sedation. “It’s 
not just about not moving patients, if 
you’re not moving them means you’re 
giving them lots of sedatives,” com-
mented Dr. Choong.

Indeed, the use of sedatives can 
impact sleep, increase delirium, and 
lead to sedative withdrawal, noted 
Dr. Choong, all of which is linked to 
what she calls the ‘sedation-immo-
bility harm cycle’. But the reasoning 
behind sedation practices is some-
thing that is now being refined, as 
she explained: “When we started 
sedating patients, we thought we 
were doing it to keep them safe, 
keep them calm, and prevent them 
from being anxious. And of course, 
keep them comfortable.

“But sedation does a lot 
more than that. And in children – 
especially because many of them 
cannot communicate and tell you what 
their needs are – we’re guessing that 
any movement, or if they’re crying, 
is distressing to them. The clinician 
is concerned about them pulling out 
their tubes, and that actually prompts 
more sedation.”

This fear of accidental extubation 
is indeed a key aspect in sedation prac-
tices, noted Dr. Choong, but trial data, 
such as that from the RESTORE trial,1 
tells a different story. “There’s good 

evidence now showing that the acci-
dental extubation rates from reducing 
sedation are very, very low. It is 0.4%, 
and we’ve just finished an implementa-
tion study in two centers showing the 
exact same thing.”

In their study, Dr. Choong and 
colleagues focused on implementing 
PICU rehabilitation, and encourag-
ing practitioners to allow the child to 
awaken. The results were positive: 
“There was no increase in harm from 
allowing a child to awaken by sedation 
reduction,” she said.

In terms of mobilization and its 
impact on rehabilitation of PICU 
patients, Dr. Choong stressed that it 
has also come a long way in the last 
10 years or so: “We used to think that 
rehabilitation in the ICU was primarily 
about chest physiotherapy, and in 
our data we actually found that chest 
physiotherapy is associated with more 
adverse events than early mobilization,” 
she said. “I do find that very interest-
ing; we have to make sure we educate 
ourselves and our practitioners.”

She continued: “Early mobiliza-
tion is very safe. It has less than a 1% 
adverse event rate, and those adverse 

events are transient changes in blood 
pressure and heart rate that actually go 
away when you pause movement for 
a moment. There were no accidental 
extubations with early mobilization.”

Putting these kinds of rehabilita-
tion processes into practice is no 
mean feat, however, and Dr. Choong 
stressed that an important aspect is 
being sensitive to existing practices, 
and perhaps anxieties, of the nurses 
caring for children in the PICU. “They 

have to feel safe to walk outside of the 
room, and I think that is where many of 
these traditional practices come from,” 
she said.

“Part of the fear is that this is 
going to increase a nurse or physi-
otherapist’s workload. But in fact, 

what we found was that by instituting 
early rehabilitation, we allowed more 
awakening, we allowed earlier time to 
mobilization, and we actually reduced 
the exposure to sedatives significantly, 
but workload was the same as before.”

What’s crucial moving forward, 
therefore, is to empower nursing staff 
to feel comfortable in allowing their 

patients to wake, and reducing the 
use of both sedation and physical 
restraints. “Don’t restrain them – 
let their families hold their hands,” 
commented Dr. Choong, who is 
also currently investigating the 
therapeutic benefits of families be-
ing more involved in holding their 
children in the ICU.

An important question that 
remains is how to package rehabili-
tation bundles (early mobilization, 
reduced sedation, better sleep 
environments etc.) for easy adop-
tion. “We’ve just completed an im-
plementation study to answer that 
exact question,” said Dr. Choong.
“When we put the components of a 

bundle together, published it, and ad-
vised clinicians, we didn’t actually say 
how to do it. We said this is what you 
should do, but the how is a much more 
difficult task. It’s easy to just say, ‘okay, 
these are all evidence-based steps, go 
ahead and put this in your unit’.”

The PICULiber82 study, of which 
Dr. Choong was principal investigator, 
specifically looked at how to imple-
ment bundles. The study, which gets 

its name from the aim to ‘liberate’ 
children from critical illness, and 
improve their recovery and function-
ing after discharge, looked at the 
kinds of barriers face when facilitat-
ing bundled rehabilitation practices. 
“We’ve learned a lot about what helps 
facilitate a bundle, and what the barri-
ers are,” she said.

“It’s really about changing a prac-
tice culture – changing biases that are 
steeped in tradition, and a lot of that is 
about education. To do that, you have 
you acquire resources. I would say the 
number one facilitator is institutional 
leadership, because we found that the 
most significant barriers are actually 
what we call extrinsic factors, meaning 
administrators who come down with 
mandates and competing initiatives. 
It makes it very difficult for the unit 
staff to understand what they need to 
focus on.

“So, I would say that we have the 
tools – and we know what the bundle 
content is – but implementing them 
does require very strong leadership.”

In her closing remarks, Dr. Choong 
talked of the importance of engaging 
both staff and families in rehabilitation 
practices. Firstly, she suggests involv-
ing the unit- and interprofessional staff 
in helping to come up with unit-specific 
guidelines, as this will get a lot of ‘buy-
in’ for those guidelines and practices, 
and help effect change.

In terms of the families, they can be 
the biggest champions of rehabilita-
tion, she said, and helping their own 
children to play in a creative way that 
is rehabilitative and fun at the same 
time can be a big help with the stress 
faced by loved ones. “We know that the 
feedback from patients and families has 
been overwhelmingly positive,” she said. 
“They really look forward to it. They get 
excited about it. It gives them hope.”

She concluded: “They want to help 
us because it’s the one thing that they 
can have control over.”
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“We have the tools 
– and we know what 
the bundle content 
is – but implementing 
them does require very 
strong leadership.”

KAREN CHOONG

“By instituting early 
rehabilitation, we allowed 
more awakening, we allowed 
earlier time to mobilization, 
and we actually reduced 
the exposure to sedatives 
significantly, but workload 
was the same as before.”

KAREN CHOONG
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COVID-19: a unique form of ARDS? Gold Hall Wednesday 09:45

‘C-ARDS requires a specific ventilation strategy’

D iscussion of COVID-19 as a unique form 
of acute respiratory distress syndrome 
(ARDS) took place on Wednesday morning 
at ISICEM, with invited experts sharing 

their perspectives on the similarities, 
differences and outright challenges 
of the disease.

 “There has been controversy 
about ARDS caused by COVID-19 
[C-ARDS]. Namely, is it really differ-
ent, and does it demand different 
principles of management?” said 
John J. Marini (University of Minne-
sota and Regions Hospital, Minne-
apolis/St. Paul, MN, USA), who spoke to ISICEM News 
to give his views on specific ventilation strategies 
in C-ARDS.

“I have been among the more vocal people saying 
that C-ARDS is very different, and I can tell you why. 
ARDS is envisioned to be a diffuse problem that 
basically reduces the compliance of the lung and 
respiratory system. And in parallel there is impaired 
gas exchange. In COVID-19, there seems to be a 
disconnect, especially in the early phase, between 
the compliance of the respiratory system and the 
oxygenation deficit that you see.”

In particular, Professor Marini was keen to raise 
several key points to consider when discussing  
C-ARDS. “The first one is that the measurable me-
chanics, performed by the clinician, are misleading 
and time dependent,” he said. “Initially, the patient 
may present to the hospital with quite severe hypox-
emia which, by the ARDS severity criteria – enumer-
ated in the Berlin conference of 2012 – would be 
classified as moderate to severe ARDS. And yet, 
these people sometimes have relatively easy breath-
ing because their lungs are compliant, which is why 
they’ve been called the ‘happy hypoxemics’.”

As Professor Marini underlined, such patients 
have infiltrates, although not as extensive as they 
will later have, and those who do not resolve will 
progress through stages of organization and fibrosis 
which in the end make their lungs very stiff and 
noncompliant. “The key factors here are that the 
mechanics are disconnected from the oxygenation, 
and again, that it’s a 
time-dependent process,” 
he said.

This time-dependent 
process is particularly 

intriguing, and troubling, and ties into the notion 
that C-ARDS is a different beast in the later stages. 
“Here, patients have very low compliance, and 
physicians have reported that these are as bad as 
any ARDS patients we’ve ever seen. And yet what 
we’re seeing is that some of these patients have 
very flexible lungs,” said Professor Marini. “The 

pathophysiology is different; 
it’s not similar to the other 
forms of ARDS, such as that 
caused by routine bacterial 
pneumonia or sepsis.”

Giving an example of 
the uniqueness of C-ARDS, 
Professor Marini explained 
that in ARDS not caused 
by COVID-19, if you try 
to recruit the lung and are 
successful, gas exchange will 
be improved. However, this 
does not happen in C-ARDS. 

“What happens is you recruit lung tissue in the early 
phase, but you over distend these compliant lungs, 
and so you may actually worsen gas exchange. That’s 
been shown in a number of papers,” he said.

As such, he stressed the importance of always 
testing one’s assumptions about pressure in C-
ARDS, given that the patient’s lungs may not be 
normally recruitable. “And if they are, it may not be a 
good thing to have them recruited,” he said.

Literature in the field has been exciting, con-
tinued Professor Marini, with several published 
works demonstrating that anticipated behaviors and 
predicted responses of the ARDS patient need to be 
re-thought when talking specifically about C-ARDS. 
“Going from horizontal to more upright positioning 
actually deteriorates the patient’s lung mechanics, 
and they improve when you lay them down,” he said.

“The second aspect is that if you push on the 

“In COVID-19, there seems to 
be a disconnect, especially in 
the early phase, between the 
compliance of the respiratory 
system and the oxygenation 
deficit that you see.”

JOHN J. MARINI

“The pathophysiology is 
different, and it’s not similar 
to the other forms of ARDS.”

JOHN J. MARINI

Continued on page 4



4 ISICEM News Friday 3 September 2021 DAY 4

upper abdomen, which myself and my colleague 
Luciano Gattinoni have described,1 you stiffen the 
chest wall even further, and the mechanics improve. 
Instead of having a worsened compliance by stiffen-
ing the chest wall, you have better compliance 
because the lung responds by reducing its overinfla-
tion and inspiration.

“This happens not just in the supine position, 
but with pressure on the lower 
back. We call it the dorsal push. 
Anything that stiffens the chest 
wall in this environment actually 
improves the mechanics of the 
lung, and that means that we’re 
probably over distending and 
getting the patient into trouble 
by using our usual measures that 
are intended improve respiratory 
system compliance.”

Indeed, Professor Marini re-
cently submitted a paper in which seven consecutive 
patients demonstrated improvement after a lower 
back push in the prone position. “Everything else had 
been tried, but this improved the mechanics consist-
ently,” he said. “And when we then used that to justify 
reducing positive end-expiratory pressure [PEEP], 
that meant that the PEEP was well tolerated.

“These are not just average ARDS patients, they 
have PaO2/FiO2 ratios of about 70, which is way 
below what you’d expect for patients with severe 
ARDS. And yet we improved their mechanics by 

reducing PEEP, or by a prone dorsal push.”
Another aspect that Professor Marini has been 

questioned on before is the timing of intubation and 
extubation. This, he said, is still an unsettled issue 
which has to be assessed on a case-by-case basis. 
“These people can deteriorate rather rapidly. And if a 
patient is not improving, and certainly if they’re dete-
riorating while you’re doing your best for them, then 
they need to be intubated without delay,” he said. 

“The vast majority of patients can 
get by with non-invasive meas-
ures, like high-flow nasal oxygen 
or non-invasive ventilation, but 
others will not.”

Professor Marini said that 
an important consideration here 
is the dysregulated respiratory 
control systems that C-ARDS 
patients have both early on, and 
later in the course of the disease. 
While patients early on don’t 

seem to respond badly to hypoxemia (again, the 
so-called ‘happy hypoxemics’) later on they can have 
intensified dyspnea for no good reason. In other 
words, even after the lungs appear to have cleared, 
and the patient has been discharged, they can still 
feel very dyspneic, not just because of the res-
piratory muscles, but because of the dysregulated 
respiratory environment.

Returning back to the headline statement of his 
talk, i.e. that C-ARDS and ARDS are different, and 
therefore important to tackle with different strate-

gies, Professor Marini added some further insights: 
“If someone tells me that paying attention to the 
physiological principles is what we’ve always done 
in ARDS then I agree with you, but the physiologi-
cal principles differ [with C-ARDS] because it’s a 
unique disease.

“Any physician who’s taken care of these patients 
will tell you that there are patients who have 
bizarre and unexpected behaviors. They may be the 
people who are either very early or very late in the 
COVID-19 course, while those in the middle look 
a lot like routine ARDS, and even respond a lot like 
routine ARDS.”

He added: “People do not behave in anticipated 
ways. And certainly things like tables, which a lot of 
physicians bank on, do not offer reliable guidance.”

With this in mind, Professor Marini encour-
ages everyone caring for C-ARDS to test their 
assumptions, base decisions on the physiology, and 
remember that evidence-based guidelines are prob-
ably just too premature. “The evidence is coming 
from observational reports,” he said. “If you look at 
what we’ve proven in our clinical trials, what have we 
really learned? We’ve learned that [low tidal volume 
ventilation] targeting 6 mL/kg body weight is better 
than 12 mL/kg, and that PEEP only sometimes works 
– especially in the early phase, when somebody 
is recruitable.”
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“The physiological 
principles differ [with 
C-ARDS] because it’s 
a unique disease.”
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COVID-19: what´s relevant to other forms of sepsis Gold Hall Friday 14:35

COVID-19 shows endothelial differences from 
community acquired pneumonia

E merging research into differ-
ences between conventional 
community acquired pneu-
monia (CAP) and COVID-19 

will be presented today by Tom van 
der Poll, a professor of medicine at 
the Academic Medical Center (AMC) 
based at Amsterdam UMC (Amster-
dam, the Netherlands). Professor van 
der Poll will be speaking at several ses-
sions during ISICEM about research 
into host response differences and 
emerging research into COVID-19, 
organ failure in the context of infec-
tion, and sepsis.

This afternoon, Professor van der 
Poll will present yet-to-be published 
research based on data generated 
at Amsterdam UMC. It forms part 
of an ongoing observational study in 
patients with CAP which in the past 
year has enrolled many patients with 
COVID-19 as part of its protocol. Dur-
ing the study, Professor van der Poll’s 
team measured approximately 80 host 
response biomarkers in plasma by ana-
lyzing samples using Luminex multiplex 
assays. They looked at key characteris-
tics in patients with conventional CAP, 
and those with COVID-19, searching 
for similarities and differences.

 “We found many commonalities 
between the two diseases, but also 
distinctive profiles,” said Professor van 
der Poll.

Researchers saw that COVID-19 
was associated with a biomarker 
response that is indicative of an 
antiviral response, illustrated by vari-
ous cytokines and chemokines. They 
observed that the interferon gamma 
response is higher, and there were also 
higher interleukin (IL)-2 and interferon 
gamma-induced protein (IP)-10 re-
sponses. “This is all reflective of a viral 
response, and that is not unexpected,” 
said Professor van der Poll.

However, the main dif-
ference between samples 
was related to endothelial 
cell activation. “If you com-
pare the different causes 
of CAP, including influenza, 
you see that COVID-19 is 
associated with profound 
dysregulation of endothelial 
function,” he said.

Specifically, COVID-19 
was associated with more 
endotheliopathy – a pathology of the 
endothelium – compared to regular 
pneumonia, noted Professor van der 
Poll. “That makes some sense because 

the endothelium is important for keep-
ing a hemostatic balance, i.e. coagula-
tion,” he said.

“In the literature, COVID-19 has 

been associated with higher rates 
of thromboembolic complications. 
Maybe more disturbed endothelial 
cell function plays a role here, but that 

needs to be determined. This is a very 
comprehensive observation in a fairly 
large group of patients.”

Interestingly, these results came 
from patients in a general ward, 
not the ICU. “You can measure 10 
biomarkers related to endothelial 
cell function, and this is the thing that 
stands out among the 80 biomarkers,” 
he explained. “Endothelial cell func-
tion is more disturbed in COVID-19 
than in other causes of CAP, includ-
ing influenza.”

The trial is an extension of the 
umbrella protocol, called ELDER-
BIOME1, which Professor van der Poll 
and his team have been working on 
since 2016. This protocol was changed 
two years ago, and the team was 
able to extend it last year to recruit 

COVID-19 patients to what is a purely 
observational trial.

His research forms part of a recent 
and fast-growing interest in the differ-
ences between COVID-19 and other 
diseases. “People now are starting to 
compare sepsis with COVID-19,” he 
said. “We may be able to learn from 
COVID-19 in the context of other 
severe infections, in particular, sepsis.”

The abundancy of literature over 
the last 18 months has been almost 
unprecedented, said Professor van 
der Poll, who will outline some of the 
advances seen in the last year during 
his talk. “What has been produced in 

the last year has also been very high-
level, very detailed, but also very costly 
– these are single cell transcriptomic 
analyses in huge cohorts,” he said. “This 
is unheard of.”

The advances are welcomed, 
however, because despite decades of 
research into sepsis, many trials have 
failed. Research has focused on trying 
to make approaches more coherent, 
for example, by attempting to stratify 
sepsis patients into subgroups to 
better search for therapies. Yet these 
efforts have not yielded successes, 
stressed Professor van der Poll. 
“Perhaps it’s because sepsis is such a 
heterogeneous disease,” he said.

 “Yet, with COVID-19, all of a 
sudden there are several immuno-
therapies that have shown efficacy in 
randomized controlled clinical trials,” 
he added. “This is probably because 
COVID-19 is a much more homog-
enous disease than sepsis.”
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“Endothelial cell 
function is more 
disturbed in 
COVID-19 than in 
other causes of CAP, 
including influenza.”
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COVID-19 in the context of 
other severe infections, in 
particular, sepsis.”

TOM VAN DER POLL
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After cardiac arrest Silver Hall Friday 14:35

Making a case for lactate after cardiac arrest

T he promising use of lactate 
post-cardiac arrest will be ad-
dressed by Filippo Annoni, an 
intensivist at the Department 

of Intensive Care at Erasme Hospital 
(Brussels, Belgium). He will be talking 
today about his own research into 
lactate as a possible target in animal 
models of cardiac arrest, and preview-
ing encouraging results that have led 
to a human study slated to begin in 
January 2022.

Lactate has been very underused 
to date, Dr. Annoni told ISICEM News. 
“It’s been thought of as a by-product of 
the metabolism, and has only recently 
gained attention in intensive care as 
a possible targeted solution. It is even 
more interesting when we relate it to 
severely brain-injured patients. It’s 
counterintuitive to give lactate after 
cardiac arrest because patients pre-
sent with a very high level of lactate 
in their blood; that is a hallmark of the 
severity of their disease.”

Dr. Annoni explained that while 
states of hyperlac-
tatemia are all similar, 
they are not the same. 
In anaerobic glycolysis, 
the transformation of 
glucose to lactate is 
related to the severity 
of the disease. However, 
lactate supplementation 
is not, per se, accompa-
nied to metabolic failure, 
and the lactate he is investigating has 
somewhat different modes of action. 
These are lactate-enriched solutions 
– a relatively large group of fluids that 
may vary in constituents, but which are 
mainly composed of different quanti-
ties of lactate and sodium.

Most human studies to date have 
used 0.5–1 M hypertonic sodium lac-
tate (HSL) solutions: “These have been 
tested in patients with traumatic brain 
injuries, with encouraging results,” 
said Dr. Annoni. There have been a 
relatively small number of experimen-
tal trials, with positive outcomes, but 
Dr. Annoni stressed that practically 
nobody is using HSL, despite it being 
extremely cheap. “It’s just few euros to 
treat one patient,” he said. “Lactate is 
not really used in clinical practice, and 
that’s a little bit strange.”

That being said, Dr. Annoni said 
there were worries associated with us-
ing lactate. “It is a weak base, changes 
the pH, modifies the potassium, and 
can expose patients to risks,” he said. 
Researchers, therefore, have tried to 
find appropriate administration strat-
egy to match lactate with the needs 

of the body after resuscitation from 
cardiac arrest. That has shown some 
promise especially in preserving vital 
organs. “We aim to save two organs – 
the brain and the heart.”

Indeed, lactate-enriched solutions 
exhibit promising effects on the heart, 
exerting a positive effect when admin-
istered in both healthy humans, and 
in patients with acute heart failure. 
They could even mitigate reperfusion 
injuries after myocardial and 
cerebral ischemia, added Dr. 
Annoni, as they are hyperosmo-
lar, and may increase cerebral 
blood flow.

In his presentation this after-
noon, Dr. Annoni will talk about 
the limited human trials to date, 
the benefits and complications of 
sodium lactate, the role of lactate as an 
alternative energetic substrate, as well 
as other functional attributes.

Importantly, he’ll describe the 
animal studies he has just completed, 
comparing study conditions with real-
world patients. For example, his study 
in healthy pigs required a fixed amount 
of time in cardiac arrest. Nevertheless, 

the results have been 
promising. “We have 
some encouraging data 
from our animals,” he 

said. “I actually studied three groups 
of 11 animals , which is a very large 
animal study. However, the data are 
still preclinical, of course.”

The human study to follow on from 
this animal trial will be called Hyper-
tonic Lactate After Cardiac Arrest 
(LATTE).1 The trial will assess whether 
the solution is safe and feasible in 
resuscitated patients after cardiac 
arrest. Specifically, this randomized, 

controlled, open label Phase II clinical 
trial is intended to investigate whether 
HSL administration could reduce 
organ damage-related biomarkers 
in serum.

Patients admitted to the hospital 
and resuscitated from cardiac arrest 
(still comatose) will be randomized to 
receive either a HSL 0.5 M infusion for 

24 hours, or standard-of-care. After 
24, 48 and 72 hours, changes in brain 
biomarkers – including neurofila-
ment light and glial fibrillary acidic 
protein – will be assessed. Changes in 
brain metabolism will be measured by 
PET-MRI. “We want to investigate the 
outcome as a Phase II trial, which will 
be about the biomarker,” he said. If this 
Phase II study suggests that damage-
related biomarkers are effectively 
reduced 48 hours after resuscitation, 
the plan is to go to Phase III and look at 
the neurological outcomes.

In closing, Dr. Annoni sees great 
promise in the wider use of lactate 
in the future. “Today, lactate is used 
more as a mark of severity for patients, 
rather than as an opportunity,” he said. 
In the last 20 years, clinicians have 
increased the chances of survival after 
cardiac arrest, but not nearly enough, 
Dr. Annoni concluded. “There’s a lot 
more to do. Let’s try something new – 
something that not only looks good in 
a general sense, but has been proven 
to be safe in severely brain injured 
patients, and doesn’t raise a lot of con-
cern. Why haven’t we done that yet?”

References
1. ClinicalTrials.gov. Hypertonic Lactate After 

Cardiac Arrest (LATTE). Available at: https://
clinicaltrials.gov/ct2/show/NCT05004610.

“Lactate is not really used 
in clinical practice, and 
that’s a little bit strange.”

FILIPPO ANNONI

“[Lactate] has been thought of as a by-
product of the metabolism, and has only 
recently gained attention in intensive care 
as a possible targeted solution.”

FILIPPO ANNONI
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The surgical patient Salle M (Bozar) Friday 8:00

Non-invasive ventilation after surgery. 
For whom? And how?

N on-invasive ventilation (NIV) after surgery 
will be addressed this morning by Samir 
Jaber, Head of the Critical Care and Anes-
thesia Department at Saint-Eloi University 

Hospital (Montpellier, France). His main research 
focus is how to improve operating-room ventilation, 
although this is synergistic with improving ventila-
tion in intensive care.

Twenty years ago, NIV was a contraindication 
for patients after surgery due to the high pressures 
involved. “The majority of surgeons were forbidden 
to use NIV in their patients,” Professor Jaber told 
ISICEM News. Despite this, around that time, he 
was already actively involved in performing NIV in 
other patient populations (e.g. chronic obstructive 
pulmonary disease) as part of his post-doctoral work.

Back in Montpellier, his team then went on to 
develop the first NIV strategies in postoperative 
patients, mainly those recovering from abdominal 
surgery. They worked with surgeons to 
develop a technique using optimal, but 
not high-pressure, settings of less than 15 
cmH2O. “This is probably the secret – using 
positive end-expiratory pressure [PEEP],” 
he said.1

The team also developed optimal set-
tings in the operating room for acute respir-
atory distress syndrome patients. “We were 
the first team to develop lung-protective 
ventilation for healthy patients in the op-
erating room,” noted Professor Jaber. “We showed2 
that by choosing lung-protective ventilation, or low 
tidal volume with PEEP, we could decrease postop-
erative complications considerably.”

He added: “The preventative strategy uses 
optimal ventilation, and then after surgery you have 
optimal ventilation management using NIV,” he 
explained. “It’s something we call Positive periOpera-
tive Protective (POP) ventilation.”3

More recently, Professor Jaber’s team published 
its first paper about NIV in postoperative patients 
after abdominal surgery who devel-
oped acute respiratory failure.2 “We 
showed that we can decrease the 
number of re-intubations by using 
NIV over standard oxygen therapy,” 
he said.

Addressing postoperative com-
plications is of paramount impor-
tance, continued Professor Jaber, 
given that over 300-million surgical 
procedures take place every year. 
Such complications are one of the top five causes of 
mortality in the world, he said, adding: “In the future 
we should absolutely improve our strategies, and 
this is not only the domain of the surgeon.”

It is important for teams attempting NIV to 
understand that, without sufficient experience, they 
can cause more harm than good, stressed Professor 
Jaber. That’s why he will outline the technique for 
the ISICEM audience. “I will explain the mechanism 
of action and how it works, i.e. by improved oxygena-
tion, lung recruitment, gas exchange, cardiac output, 

and by decreasing the work of breathing,” he said. “I 
will also explain how we use it under safe conditions, 
and with optimal settings.”

In addition, Professor Jaber will outline the 
kinds of surgery and/or patients that may benefit 
from postoperative NIV. “Primarily, it’s patients 
with obesity who are more likely to benefit from 
this strategy,” he said. Such has been shown in the 
Non-Invasive Ventilation in Abdominal Postopera-
tive Period (NIVAS)3 randomized controlled trial that 
Professor Jaber will present. This was a multicenter, 

randomized, parallel-group clinical 
trial conducted between May 2013 
and September 2014 in 20 French 
ICUs, recruiting 293 abdominal 
surgery patients who had developed 
hypoxemic respiratory failure.

Professor Jaber agrees that 
the technique he proposes is best 
designed for countries where there 
is a tradition of doctors being both 
anesthetists and intensivists. In 

some countries, intensivists and anesthetists are 
two distinct disciplines who rarely meet. “Patients 
who develop acute respiratory failure are usually 
managed by intensivists. But intensivists are not in 
the operating room,” he said.

More than 70% in France are from both disci-
plines, and can therefore follow a patient’s progress 
from the operating room to the ICU if there are 
complications. “One of the first questions is, is there 
anything surgical behind the complications? The 
second is, is there an optimal management strategy 

(with the anesthetist) in place during surgery?” he 
said. “It is important to see exactly what happens 
when you manage the patient who has acute respira-
tory failure.”

New studies showing the safety and efficiency of 
NIV are underway. The EXTUB-OBESE (Non-inva-
sive Ventilation Following Extubation [Prophylactic] 
to Prevent Extubation Failure in Critically Obese 
Patients) trial4, led by Professor Jaber, will look 
at whether there is a decrease in the incidence of 
extubation failure in the most fragile patients using 
NIV compared with either high-flow humidified nasal 
oxygen therapy or standard oxygen therapy. These 
strategies have never been compared in obese post-
extubation critically ill patients before, he noted. “It’s 
the largest study in the world of its kind, with 1,000 
patients,” said Professor Jaber. Results are due im-
minently.

While previous studies have looked at endpoints 
such as re-intubation, the next step is to show an 
improvement in mortality outcomes as a result of 
NIV, said Professor Jaber. That’s why soon he will 
be leading another very large international study in 
more than 10 countries and 50 centers called the 
KISS trial. It will evaluate NIV in all causes of acute 
respiratory failure. “No study has used mortality as 
the primary outcome yet in overall patients strati-
fied,” he commented. “We need 2,100 patients from 
different countries. We hope to start early next year.”

In his concluding remarks, Professor Jaber 
stressed that it’s important to continue to develop 
perioperative care for patients. “We should manage 
the patient from the start to the end of surgery, and 
during hospitalization. This is a different paradigm. 
Prevention is better than cure in specific surgery pa-
tients.”
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“Prevention 
is better than 
cure in specific 
surgery patients.”

SAMIR JABER

“Patients who develop acute 
respiratory failure are usually 
managed by intensivists. But 
intensivists are not in the 
operating room.”

SAMIR JABER

“We should manage the patient 
from the start to the end of 
surgery, and during hospitalization. 
This is a different paradigm.”

SAMIR JABER
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Congratulations to this year’s Poster Award winners!
P006  “Body mass index and mortality in Covid-19 and other diseases: 

a cohort study in 35,506 ICU patients” by Emma Kooistra and 
colleagues from Nijmegen, the Netherlands

P065 “Goal directed fluid therapy during major liver resections 
shows altered sublingual and intestinal microcirculation when 
compared to low central venous pressure” by Zuhre Uz and col-
leagues from Rotterdam, the Netherlands

 P125 “Microcirculatory dysfunction in sepsis-associated acute kidney 
injury is not equivalent to impaired tissue oxygenation” by Carlos 
Manrique-Caballero and colleagues from Pittsburgh, USA

P126 “Oliguria in critically ill patients: impact on AKI classification and 
outcomes prediction” by Nathan Bianchi and colleagues from 
Lausanne, Switzerland

P195 “Preferential use of enteral or parenteral nutrition in the world 
regions: a multivariate nutritionDay ICU analysis in 16,032 pa-
tients” by Michael Hiesmayr and colleagues from Vienna, Austria 

All issues of ISICEM News are available on the 
ISICEM app, and at www.isicem.org!
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Pandemic-era ECMO 
leads to paradigm shift

A 
perspective on extracorporeal 
membrane oxygenation (ECMO) 
services in Toronto during the 
pandemic was given on Tuesday 

morning by Niall Ferguson, head of 
critical care medicine at the University 
Health Network and Sinai Health System 
at Toronto General Hospital, ON, Cana-
da. He runs the largest ECMO center in 
the province of Ontario, which provides 
all adult ECMO services for the greater 
Toronto area, serving a population of 5 
million people.

In an interview with ISICEM News, 
Professor Ferguson said that although 
his department was not overwhelmed 
in the first wave, as other centers were, 
it did get extremely busy. For instance, 
one member of staff was tasked solely 
with answering the phone to ECMO 
referrals all day, every day, all pertaining 
to COVID-19 respiratory failure. And at 
its height, there were so many patients 
requiring ECMO that some adults even 
had to be treated at a children’s hospital. 
“It’s an extraordinary step to put adult 
patients in the pediatric ICU across 
the street from Toronto General,” he 
explained. “They have a long history in 

pediatric ECMO, but they don’t usually 
look after people above the age of 18.”

The scale of patients requiring ECMO 
was quite unprecedented compared 
with the normal pre-COVID-19 capacity 
of 30 medical surgical ICU beds. “In a 
typical flu season, there would have been 
a maximum of 14 patients on ECMO any 
one given time,” said Professor Ferguson. 
“This year, during our third wave with the 
alpha variant in April and May, we had 32 
patients on ECMO. That is more than our 
entire baseline ICU capacity.”

Professor Ferguson, who also sits 
on the Ontario Critical Care COVID-19 
Command Centre committee for 
pandemic response, relayed how it was 

necessary to deal with sub-regional 
surges in COVID-19 when hotspots 
started appearing all over the vicinity. 
“We were moving literally hundreds of 
ICU patients a week around the greater 
Toronto region,” he said. “The majority 
of patients were showing up at a few 
regional hospitals, which were quickly 
getting overwhelmed, so we had to move 
not just ECMO patients, but ICU patients 
as well.”

The need for ECMO was so great that 
the mobile teams that existed before the 
first wave had to be abandoned. Teams 
of perfusionists, surgical fellows and con-
sultant intensivists would otherwise be 
gone for many hours in a day – such are 
the distances clinicians normally have to 
travel – and this expertise was urgently 
required in the hospital. “In pre-COVID 
times two consultant intensivists are on 
call each week. We went to having five 
every day,” said Professor Ferguson.

Perfusionists, too, would ordinarily 
look after four to five patients on ECMO 
at a time. “But when we had upwards of 
30 patients, perfusionists were in very 
short supply. So, we imported some from 
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“We were moving 
literally hundreds of 
ICU patients a week 
around the greater 
Toronto region.”

NIALL FERGUSON
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Go with the flow
Making a case for permissive hypotension

O
veremphasis of blood pres-
sure during resuscitation 
may carry serious pitfalls, 
delegates heard on Wednes-
day morning during a presen-

tation dedicated to so-called ‘permissive 
hypotension’. The message was delivered 
by Jan Bakker, Clinical Professor at New 
York University School of Medicine, and 
Adjunct Professor at Columbia Univer-
sity College of Physicians & Surgeons 
(New York, NY, USA), who is also Tenured 
Professor at Erasmus MC University 
Medical Center, the Netherlands.

The ultimate goal of resuscitation, 
Professor Bakker notes in his recent 
paper,1 is restoration of tissue perfusion, 
however targeting inadequate endpoints 
implies the risk of over- or under-resus-
citation, both of which worsen outcome. 
While current recommendations 
suggest targeting a mean arterial blood 
pressure (MAP) of at least 65 mmHg, 
from his view and clinical experience, 
this approach puts too much emphasis 
on blood pressure instead of flow, and 
may lead to a high risk of overusing 
vasoconstrictor drugs, and aggravating 
tissue hypoperfusion.

Speaking to ISICEM News, Professor 
Bakker framed the core issue at stake 
here: “The misunderstanding is that 
hypotension is hypoperfusion,” he said. 
“But there are a few steps in between 
that we forget.”

As he underlined, it boils down to the 
fact that hypotension, by definition, is 
related to mortality, and so there is no 
question that hypotension is likely 
to be a signal that something is 
wrong. “There are a few cir-
cumstances where patients 
are hypotensive from 
baseline, but if you’re 
a healthy person 

and have a normal blood pressure, and 
you come to the emergency room with 
hypotension, something is definitely 
wrong,” he said.

However, Professor Bakker reiterated 
that this does not automatically translate 
to a perfusion problem: “Is hypotension 
associated with hypoperfusion? Yes, in 
some cases, but not always, and this is 
where it gets complicated. The 
relationship between pressure 
and flow is not as stable as we 
think. In some patients you’ll 
give fluid and the blood 
pressure goes up, and 
in some patients you’ll 
give fluid and the blood 
pressure goes down. In 
some patients noth-
ing happens.”

Returning to the guidelines, he 
continued: “The guidelines don’t address 
this. They only usually tell you that the 
blood pressure, at least if we think about 
septic shock, should be above 65 mmHg. 
There is no guidance as to which patient 
might benefit from aiming somewhat 
lower; there is only guidance for patients 
who might benefit from aiming some-
what higher.”

As such, Professor Bakker stressed 
that these “broad numbers” do not give 
enough clarity when facing a patient with 
hypotension. “You end up with a MAP 
somewhere above 65 mmHg. And so, 
the recommendations never help you to 
titrate your treatment, or optimize it in 
individual patients,” he said.

That, he continued, is where the con-
cept of permissive hypoten-

sion comes to light – the 
most important part 

of it being context. 
Specifically, he 
underlined that it is 
the assessment of 
the perfusion state 

of patients which 
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“The relationship 
between pressure and 
flow is not as stable as 
we think.”

JAN BAKKER
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Rehabilitation in critically ill 
children: not just child´s play

R
ehabilitation in the pediatric 
ICU (PICU) will be placed 
under the spotlight this 
morning, with Karen Choong 
(Departments of Pediatrics 

and Critical Care, McMaster University, 
Hamilton, ON, Canada) taking the audi-
ence through the evolution, benefits and 
implementation challenges of rehabilita-
tion practices.

In conversation with ISICEM News, 
Dr. Choong began by highlighting that, in 
recent years, the population in PICUs is 
changing, with improvements in mortality 
having an effect on the complexity of pa-
tients who are admitted and, importantly, 
readmitted. “Mortality rates are changing 
because we’ve got so good at saving 
lives,” she said. Indeed, she added that 
advanced technologies and advanced 
life support systems, along with better 
care of frail and premature neonates, has 
meant that most children are now surviv-
ing the PICU.

However, despite a mortality rate 
in developed countries of only a few 
percent, there are a new set of 
challenges in tow. “The children 
that we’re seeing coming into the 
PICU now, most of them actually 
have some underlying disabili-
ties or chronic conditions,” said 
Dr. Choong.

With the observation that 
readmissions to the PICU are 
significant, the question emerges 
as to why this mortality persists 
after children leave the PICU, and what 
brings them back? “Why the mortality 
rate is higher post-PICU is still a little bit 
unclear, but I think part of it is very much 
related to the intrinsic comorbidities of 
these children,” she said. “Some of the 
chronic, critically ill patients are frail, and 
that’s why they come back. But some of it 
is consistent with adult data for patients 
with sepsis, in that their recovery is more 
protracted. So, there are a few different 
factors at play, and we’re still trying to 
figure it out.

“That’s why we’re starting to try 
and dissect the different populations, 
because the mortality rates have fallen, 
but actually only fallen for patients 
who have a short PICU stay, and have 
been previously healthy in the past. The 
mortality rate hasn’t changed, and in fact 
has even gone up, for patients who have 

chronic critical illness. So, we’re trying 
to understand this concept of chronic 
critical illness, and looking at what we 
can do from within the PICU to try and 
help improve recovery in these patients. 
And that’s why the field of rehabilitation 
is so exciting because it’s not just about 
resuscitation anymore.”

Post-intensive care syndrome (PICS) 
– denoting persistent health problems 
that remain after critical illness – is also 
applicable in PICU patients, said Dr. 
Choong, although because children are 
still developing, their trajectories may be 
a little different. “In addition, the family 
diet is more difficult to disseminate from 
the child because they are very much 
linked to their family and their siblings,” 
she said.

Interestingly, some of the physical, 
psychological and emotional hallmarks 

of PICS which affect children, as they do 
in adults, also extend to their immediate 
families. “The family and patient are one 
unit in pediatrics, because the family has 
a very strong influence on the recovery 
of a child,” said Dr. Choong. “They are 
so dependent on the caregiver for their 
support and their recovery, and we have 
found that parental stress very much 
influences how a patient recovers while 
they are in the ICU, as well as how they 
recover outside of the ICU.”

It follows that a rehabilitation strate-
gy aiming to decrease parental stress and 
burden could help in improving outcomes 
for the child in the PICU. To that end, in 
one of their earlier studies, Dr. Choong 
and colleagues looked at functional 
recovery and found that the higher the 
parental stress, the longer the length of 
stay in the PICU for the pediatric patient. 
Therefore, the implementation of coping 
and rehabilitation strategies could have a 
big influence on reducing parental stress, 
which in turn improves a child’s recovery 
after the PICU.

Realization that PICS affects children 
is mostly based in newly emphasized 
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“The field of rehabilitation 
is so exciting because 
it’s not just about 
resuscitation anymore.”

KAREN CHOONG
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How much fluid? Copper Hall Tuesday 16:00

Acute kidney injury: when to restrict fluids?

A mong critically ill patients 
with acute kidney in-
jury (AKI), a fluid restric-
tive strategy can lower 

cumulative fluid balance, and reduce 
adverse events, delegates heard on 
Tuesday afternoon. In her presenta-
tion, Marlies Ostermann (Guy’s & St 
Thomas Hospital, London, UK) spoke 
about current fluid practices, and the 
burgeoning research in AKI that is 
highlighting dangers of fluid overload.

“It’s always been traditional teach-
ing that hypovolemia is bad, and de-
hydration is the most common cause 
of AKI, and so for a long time there 
has been this common practice to 
give people lots of fluid just to really 
be absolutely sure that hypovolemia 
was corrected,” Dr. Ostermann told 
ISICEM News.

For a long time, it was thought 
that kidneys responded well to a lot 
of fluid, she added, but now it is clear 
that – just like any other organ – there 
is a balance between ‘wet’ and ‘dry’ 
that needs to be considered. “The 
kidneys are particularly susceptible 
to the risk of fluid overload because 
they have a tight capsule. Unlike the 
lungs or the heart, when the kidneys 
are overloaded they just swell and 
become dilated,” said Dr. Ostermann.

This lack of capacity to expand 
means that when kidneys swell, the 
pressure goes up, and they develop 
intrarenal congestion and compres-

sion. “That is probably the reason why 
giving too much fluid is essentially 
nephrotoxic,” she said.

Dr. Ostermann underlined that in 

early stages of AKI, clinical experience 
has taught that responding to rising 
creatinine levels with excess fluid can 
cause extra harm, thereby preventing 

“The kidneys are 
particularly susceptible 
to the risk of fluid 
overload because they 
have a tight capsule.”

MARLIES OSTERMANN
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recovery and leading to progression 
of AKI. However, data in the literature 
focusing on restricting fluids in AKI are 
more sparse.

In preliminary feasibility studies, 
namely CLASSIC1 and REVERSE-AKI,2 
patients were enrolled after they 
already received fluid, and restricting 
additional fluid intake was either not 
harmful or even beneficial. However, 
in the RELIEF3 study, looking at fluid 
restriction in major abdominal surgery, 
restricting fluid was harmful and led to 
more AKI.

Dr. Ostermann shared her perspec-
tives: “Restricting fluids is only benefi-
cial if the patient is euvolemic, i.e if the 
initial fluid loss is corrected. In some 
respects, the term ‘restricting fluids’ is 
misleading, it should be called ‘avoiding 
excess fluid’.”

Returning to REVERSE-AKI, of 
which Dr. Ostermann was co-principal 
investigator, she added some context 
as to the work that led to the study. 
“Before REVERSE-AKI, when we 
looked at patients who had stage 1 
(early stage) AKI in the ICU, we showed 
that the group of people who had had 
excess fluid had a much higher risk 
of progression compared to patients 
who received less fluid in the first 12 
to 24 hours,” she said. “So, again it was 

consistent with this idea that giving too 
much fluid to people with early AKI, i.e. 
with vulnerable kidneys, is harmful.”

Armed with this data, Dr. Oster-
mann was clear that a randomized 
control trial would be warranted to 
further investigate limited fluid intake 

in patients with early AKI. That led to 
the birth of REVERSE-AKI, but it was 
not met with the same enthusiasm by 
everyone: “There were still some peo-
ple who were concerned that maybe 

limiting fluid in patients with early 
AKI could potentially be harmful,” she 
said. “That is why REVERSE-AKI was 
a feasibility trial, i.e. to see whether it 
was safe to limit fluid administration in 
patients with early AKI.”

In 100 patients randomized 1:1 
in seven ICUs across Europe and 
Australia, REVERSE-AKI showed that 
in critically ill patients with AKI, a 
restrictive fluid management regimen 
resulted in lower cumulative fluid 
balance and less adverse events com-
pared to usual care, thereby justifying 
larger trials in the future.2

To that end, Dr. Ostermann dis-
cussed the next steps for her research: 
“The REVERSE-AKI feasibility study 
started off with people who were 
judged to be euvolemic by the clinical 
team, so we accept that this was a 
clinical judgment based on clinical 
assessment. Clearly, we need much 
better tools to do that at the bedside, 
[for example] biomarkers or imaging 
tools. So that’s one part of story that 
needs to come next.

“Then the second step is to test 
this in an adequately powered study 
in multiple centers. We are cur-
rently looking for funding to do an 
adequately powered randomized 
controlled trial.”

Finally, Dr. Ostermann spoke of 
how the practice of fluid restriction 
might be received by the wider com-
munity. “I think there is an increasing 
awareness and recognition that fluid 
accumulation is bad,” she said. “There 
is enough data showing that the 
kidneys, like any other organ, don’t like 
to be fluid overloaded. The tricky part 
is deciding who needs fluid, and who 
doesn’t? At what point has someone 
had enough?

“People may point out that it’s 
difficult to be sure that somebody is 
euvolemic. These are usually patients 
with edema and low albumin. How can 
you be sure that they are euvolemic? 
These are valid concerns.”
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