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D uring the Opening 
Ceremony on 
Tuesday, Jerry Nolan 
(Department of 
Anesthesia, Royal 

United Hospital, Bath; and Warwick 
Medical School, University of 
Warwick, Coventry, UK) delivered the 
Max Harry Weil Memorial lecture, 
beginning with a tribute to its 
namesake, who died in 20111: “Harry 
Weil was really there at the outset 
of critical care medicine, and is often 
referred to as the father of modern-
day critical care.

“He was the Founder and first 
President of the Society of Critical 
Care Medicine in 1970. Then in 
1975, sadly his colleague and 
collaborator Herbert Shubin died of 
acute myocardial infarction. It was 
after this that Harry Weil turned 
much of his research focus towards 
cardiopulmonary resuscitation (CPR). 
It was for that reason that I was very 
grateful to work with Harry Weil 
towards the end of his career.”

In this spirit, Professor Nolan 
discussed ongoing research within 
several facets of CPR research, from 
community response at the early end 
of the chain of survival, to advanced 
life support and later resuscitation, 
as well as post-resuscitation care 
and prognostication.

Community response
With an emphasis on the important 
impact of bystander action in out 
of hospital cardiac arrest (OHCA), 
Professor Nolan focused on 
research looking at improving the 

communication stream between the 
bystander and emergency medical 
services (EMS) dispatchers, in order 
to ensure rapid EMS activation 
or on-scene automated external 
defibrillator (AED) use.

“One of the big problems is 
that something like 25% of all 
OHCA are not initially detected by 
the dispatcher. One of the really 
interesting developments is the 
potential use of artificial intelligence 
(AI) to assist dispatchers in making 

those decisions around whether 
a caller is likely to be describing 
somebody in cardiac arrest (CA).”

He cited the work of Blomberg et 
al. (2019)2, who trained a machine 
learning framework to distinguish 
CA from non-CA using raw audio 
data from all incidents responded 
to by Emergency Medical Dispatch 
Center Copenhagen in 2014. This 
machine learning framework was 
found to be able to identify OHCA 
with higher sensitivity but lower 
specificity than emergency medical 
dispatchers, translating to a lower 
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positive predictive value (20.9% vs. 
33.0%; p < 0.001). Commenting on 
this work, Professor Nolan suggested: 
“It looks as if this sort of AI can be 
used to assist dispatchers in correctly 
identifying CA.”

He also discussed the use of 
trained volunteers in the response to 
OHCA. Smith et al. (2017) published 
on experience with GoodSAM, a 
mobile-phone, app-based system 
alerting trained individuals to nearby 
cardiac arrests3: “Through a dispatch 
system, [bystanders] can alert these 
volunteer responders, or indeed the 
app itself can be used to directly alert 
volunteer responders. Responders can 
be directed to a scene of nearby CA, 
or via the nearest AED.

“We can mobilize all these 
volunteers and get them to the scene 
to start CPR and potentially deliver 
defibrillating shock. I think it is this big 
increase in the use of public access 
on-site defibrillators that is also going 
to have a major impact on survival 
in OHCA.”

Professor Nolan also highlighted 
data from the COSTA study group 
on different defibrillation strategies 
in survivors after OHCA, evidencing 
the association between an increased 

use of non-EMS AEDs with increase 
in survival rate of patients with a 
shockable initial rhythm4. “If you are 
shocked by a bystander using an AED 
on site, the chances of survival are 
somewhere between 60 and 70% – 
much, much higher than you would 
imagine,” he commented. “These 
are really making major impacts on 
survival rates with OHCA.”

Advanced life support 
interventions and later 
resuscitation and care
Discussing the drivers of the 
recently-completed PARAMEDIC-2 
randomized double-blind trial on 
the use of epinephrine for OHCA5, 
Professor Nolan said: “There are many 
observational studies out there that 
suggested that the use of adrenaline 
[epinephrine], while it increased 
return of spontaneous circulation 
(ROSC), seemed to be associated 
with survival with increased worse 
neurological outcomes.”

PARAMEDIC-2 involved 8,014 
patients with OHCA, administered 
either parenteral epinephrine (4,015 
patients) or saline placebo (3,999 
patients) by paramedics alongside 
standard care. While the use of 
epinephrine resulted in a significantly 
higher rate of 30-day survival than 
the use of placebo, there was no 
significant between-group difference 
in the rate of a favorable neurologic 
outcome because more survivors had 
severe neurologic impairment in the 

epinephrine group.5

“It is quite interesting, when you 
look at the details of the study, to 
consider patient flow,” commented 
Professor Nolan. “In some way, 
this tells the story in a slightly more 
informative way. There was a huge 

difference in the number of patients 
not just arriving at the hospital alive, 
but getting into the ICU. And there 
is a big drop-out rate between the 
ICU and the ward: of those patients 
receiving adrenaline, many of them 
died in the ICUs. This of course 
creates a challenge – maybe an 
ethical challenge.

“Of course, one of many of the 
secondary analyses that we are doing 
at the moment is to look at the 
economics of this, and also tie that 

in with organ donation rates. While 
there may have been a big increase 
in resources for patients who then 
sadly subsequently died on the ICU, 
it may be that many of those patients 
became organ donors, and that is 
one of the most positive effects of the 
intervention that we have.”

With the suggestion that 
adrenaline is “here to stay”, Professor 
Nolan summarized: “Adrenaline 
has shown clearly, once and for all, 
to massively increase ROSC rates 
and survival, and probably actually 
neurological outcome as well. What 
is not clear is whether we are using 
the right dose of adrenaline; maybe 
we should be giving lower, more 
frequent doses; maybe we should be 
using infusion.”

Turning to airway management, 
Professor Nolan highlighted the 
publication of the results of three 
RCTs on this topic last year6-8. Jabre et 
al. (2018) was inconclusive regarding 
the non-inferiority or inferiority 
of bag-mask ventilation versus 
endotracheal intubation (ETI) in terms 
of survival with favorable 28-day 
neurological function in patients with 
OHCA6. Then, Wang et al (2018) 
found a strategy of initial laryngeal 
tube insertion was associated with 
significantly greater 72-hour survival 
compared with a strategy of initial 
ETI7; however, as Professor Nolan 
pointed out, ETI success rates were 
low (51.6%, vs. 90.3% with laryngeal 
tube) in this study. Finally, Benger et al 
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(2018) compared a supraglottic airway 
device with tracheal intubation, 
finding no significant difference in 
survival at 30 days8.

“Airway management during 
and after CA is really complicated, 
because a huge number of these 
patients are getting multiple airway 
interventions. It makes the studying 
of these trials, which by their nature 
have to be pragmatic, very difficult 
indeed. I suspect that the reality is 
that we have to try and match up 
the airway strategy with the skills 
of the providers. Probably it makes 
sense, at least before ROSC, to use 
the most basic technique that we can 
adequately apply and that is effective. 
We probably need to have more data 
before we can be certain of that.”

Post-resuscitation care
Professor Nolan focused first on 
the role of immediate coronary 
angiography in ascertaining the 
cause of CA in patients without 
signs of ST-segment elevation 
myocardial infarction (STEMI) on 
electrocardiography. In relation to this 
question, the results of the COACT 
trial, published only on Monday, 
indicated that a strategy of immediate 
angiography for these patients was 
not better than a strategy of delayed 
angiography with respect to overall 
survival at 90 days9. “Clearly, we 
have to look at this study in detail,” 

commented Professor Nolan. “And 
as ever, the appendix probably has 
even more interesting data than 
the paper.”

In particular, he pointed out 
that immediate rather than delayed 
angiography led to a mean delay of 
approximately one hour to initiation 
of TTM: “These patients were all 
managed with TTM. If you believe 
TTM is effective, then that delay 
of one hour maybe counteracts 
any potential benefit of immediate 
coronary catheterization.”

On the topic of TTM, Professor 
Nolan highlighted the ongoing TTM-2 
randomized superiority trial, in which 
a target temperature of 33°C after 
cardiac arrest will be compared to 
normothermia with early treatment 
of fever (≥ 37.8°C)10. In ventilation 
and oxygenation, he also noted the 
ongoing TAME trial, which looks at 
the effect of targeted therapeutic 
hypercapnia after resuscitated cardiac 
arrest on neurological outcomes11.

Prognostication
Continuing uncertainty in decision 
making for those patients who 
remain comatose after CA spurs on 
the investigation of novel biomarkers 
of neurological function, explained 
Professor Nolan. “We are always 
looking for tools that might help us,” 
he said.

One such novel tool is quantitative 

pupillometry for early prognostication 
in comatose CA patients, which is 
being studied against standard test of 
pupillary light reflex12. “It’s not just a 
question of change of size, but also 
the speed of restriction and the speed 
of dilation afterwards, and latency.”

Professor Nolan also noted study 
by Moseby-Knappe et al. (2019)13 
into serum neurofilament light chain 
(NFL), a marker of axonal damage that 
is showing promise. “As part of our 
prognostication ‘package’, the marker 
that most of us are using is neuron-
specific enolase (NSE). That has, at 
least in my experience, a number of 
challenges. I think the most important 
one is the problems with hemolysis. 
NFL is one of several biomarkers that 
have been suggested over the years, 
but this one is really exciting. It looks 
as if NFL has much higher sensitivity 
and specificity for predicting a poor 
neurological outcome.”
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Claudio Ronco delivers plenary lecture on 
the future of CRRT

C laudio Ronco, Professor at the University 
of Padova and Director of the Department 
of Nephrology Dialysis & Transplantation & 

International Renal Research Institute (IRRIV) at San 
Bortolo Hospital, Vicenza, Italy, delivers his plenary 
lecture today on the theme of new equipment 
and new features in continuous renal replacement 
therapy (CRRT). 

A pioneer in many areas of nephrology including 
peritoneal dialysis, critical care nephrology, CRRT, 
cardiorenal syndromes and wearable dialysis 
technology, Dr. Ronco is inventor of the first CRRT 
machine for neonates, CARPEDIEM (Cardio Renal 
Pediatric Dialysis Emergency Machine).

He has recently reviewed a number of topics 
in the future of CRRT, including the applications 
of information and communication technology, 
big data, biofeedback, and assisted prescription 
and treatment delivery1-3. He has also written 
on the topic of implementation of portable 
renal replacement technologies, such as the 

wearable artificial kidney (WAK) and the wearable 
ultrafiltration (WUF) system4.

As well as the application of developments in 
extracorporeal organ support (ECOS) in multiorgan 
support, this technology also holds potential in 

modulating the exaggerated host inflammatory 
response in sepsis, including the use of high volume 
hemofiltration, high cut-off membranes, adsorption 
alone and coupled plasma filtration adsorption5.

“Blood is a liquid organ, but an important 
organ in the context of sepsis,” said Dr. Ronco in 
conversation with ISICEM News. “We are looking 

into the possibility of using different extracorporeal 
techniques for sepsis, maybe not completely being 
able to remove the cause (although today we have 
the possibility to remove endotoxins, for example) 
or the mechanism, but we have seen recently 
that we can change the immune response of the 
patient, which is altered in the sepsis patient. 

“We have seen the possibility to restore immune 
homeostasis. In other words, we remove either 
pro- or anti-inflammatory mediators. Because we 
have peaks in the blood that may be alternatively 
pro- and anti-inflammatory mediators, by cutting 
the peaks (the basis of the peak concentration 
hypothesis) we can somehow lower the level 
of derangement, getting the patient closer to 
physiology and bringing the immune response 
much closer to physiological response.”

ECOS today represents a very interesting frontier, 
he said, because it extends beyond the possibilities 
of a single drug. Indeed, ECOS techniques could 
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We need custom-built antibiotic 
stewardship for the ED

A ntibiotic stewardship has been relatively 
neglected in the emergency department 
(ED), says Dr. Michael Pulia, an assistant 

professor at the BerbeeWalsh Department of 
Emergency Medicine, Madison, WI, USA, who will 
be delivering a plenary lecture on the challenges of 
antibiotic stewardship today.

In an interview with ISICEM News, Dr. Pulia 
stressed that most antibiotic stewardship programs 
in the U.S. have focused on either inpatients or 
outpatients. “That still doesn’t cover the ED. It is 
a unique work system that straddles the inpatient 
and outpatient settings,” he said.

As Dr. Pulia noted, today approximately three 
quarters of patients in the US will be admitted to 
hospital via the ED, and with these admissions 

comes a reliance on large numbers of prescribed 
antibiotics. Despite this, stewardship in the ED is 
an area that is understudied. “In the ED, we are 
the ones handling the initial diagnosis, which very 
often dictates which antibiotics are prescribed 
downstream,” said Dr. Pulia.

Five years ago, Dr. Pulia initiated an ED-specific 
antibiotic stewardship research program at the 
University of Wisconsin. He also serves as medical 
director for the ED antibiotic stewardship quality 
improvement program which was “one of the first 
started in the U.S. specific to emergency medicine.”

Traditionally, antibiotic stewardship projects have 
been led by specialists from other settings, such as 
infectious diseases, as a form of outreach. But, said 
Dr. Pulia, it was important that his project was led 

from inside the ED by a doctor with an in-depth 
understanding of the way in which emergency 
medicine works. “We realized earlier on that the 
approaches and techniques that may work in an 
inpatient setting do not necessarily translate to 
the ED.”

Indeed, Dr. Pulia said much of the existing 
research on antibiotic stewardship was borrowed 
from other departments and retrofitted for the ED, 
where it achieved only limited success. “There was 
a significant misunderstanding of the ED as a work 
system,” he said. “You must have that frontline 
insight to really understand what the barriers and 
the problems are.”

To tackle the problem with overprescription, 
Dr. Pulia has been working with systems engineers 
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conceivably serve as a bridge from a complex 
situation to one less severe, allowing different 
drugs to then exert their effects.

“We are even thinking about a sequential 
therapy: in the early phases, we tend to remove 
endotoxins; in the middle stage, we remove the 
mechanism and cytokines; and in the third phase, 
we may need to support organs and therefore 
replace kidney or liver function, or remove CO2 in 
patients with impaired pulmonary exchange. 

“This is a completely new area where intensive 
care and the critically ill patient can actually find 
very interesting responses to unmet clinical needs.” 

Addressing the growing importance of big 
data and artificial intelligence (AI) statistical 
techniques, Dr. Ronco highlighted the importance 
of interdisciplinary collaboration as the seed of 
innovation: “When you connect data from big 
data analysis – and you may use also AI to 
do that – what you need is the competence 
of specific areas that most of the time does 
not belong to a single specialist. So we 
need to merge the knowledge. We need to 
multiply our knowledge and to divide our 
ignorance. 

“I’m a nephrologist but I’m working 
strictly with intensivists. But we should have 
also the competence of cardiologists, or 
pulmonologists, infectious diseases. I think 
the multidisciplinary team will be probably 
the best for the patient.”

In a soon to be published editorial, 
Dr. Ronco describes his proposals for future 
developments in remote patient management 
techniques for extracorporeal therapies, 
encapsulated by the acronym GREEN: genetics, 
robotics, eco-sustainability, e-health and 
information communication technology, and 

nanotechnology. 
“Genetics is important 

because we will identify more 
closely the characteristics 
of the patient. One drug 
or one therapy that is 
useful for one patient may 
not be useful for another 
depending on his genotype. 
Robotics: we have an entire 
world to discover here 

and see how much mechanical actuators can 
operate. Eco-sustainability is very important, and 
we must produce solutions that are friendly to 
the planet, but at the same time useable and 
sustainable economically.

“E-health is the future because electronic 

information communication technology represents 
the future in medicine. Finally, nanotechnology 
will help us to miniaturize our devices, making 
them portable, sometimes wearable. There is 
also the potential that these development will be 
considered in light of developing specific fluids. 
Today, we are often speaking about nanofluids, 
which are specifically composed, or nanomaterials 
that have specific properties in (for example) 
extracorporeal therapy – the future is non-
thrombogenic surfaces.” 

He concluded: “When we apply and look 
at the present, we always have one foot in the 
past, and one in the future. The foot in the past 
is why, today, we have consolidated and well-
standardized therapies that yesterday represented 
the future. We are also experimenting with 
new therapies and proposing new studies, and 
we are applying experimental therapies to see 
whether we can have these therapies becoming 
the reality of tomorrow. We always move in a 
dynamic situation, where the past and the future 
are somehow mixed into a general approach to 
the patient.”

Dr. Ronco delivers his plenary lecture today in Salle 
M (Bozar) from 15:10 to 15:30. 
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to study how the ED works at close range. 
“You don’t just observe and look at the 
processes, you talk to the frontline providers 
and understand their day-to-day jobs and 
why do they do certain things in certain 
ways,” he explained. “As an emergency 
physician I thought I had a lot of insight, 
but when I studied the department within a 
more formalized framework I found I could 
better identify the ED specific barriers to 
appropriate antibiotic prescribing and work 
out targeted interventions.”

As a result of this analysis, Dr. Pulia initiated 
research programs targeted at those areas where 
antibiotic overprescription happens most frequently, 
notably infections of the skin, soft tissue, urinary 
tract and respiratory tract.

Today many of his group’s programs are testing 
how well targeted interventions work. For example, 
Dr. Pulia is conducting the largest clinical study to 
date using a heat-sensing camera to distinguish 
cellulitis from other nonbacterial skin conditions. 
The study came about after talking to physicians 
across the country to understand how they make 
decisions when prescribing for soft tissue and skin 
infections. “We found that often there would be 
diagnostic uncertainty,” he said. “The physician 
would look at the infected, red leg, and if they 
thought there was even a remote possibility of 
cellulitis they would prescribe antibiotics. That’s the 
message we heard over and over again.”

The exploration continued following 
observations in the literature that cellulitis causes 
a significantly elevated temperature in the leg. 
“If you compare a leg infected with cellulitis to a 
normal leg, you should be able to see a substantial 
temperature gradient and that may help physicians 
decide when redness is related to cellulitis,” he 
explained. “It’s the largest study to examine thermal 
cameras for this condition.”

Dr. Pulia’s group has also been investigating 
at the use of procalcitonin in the ED to help 
distinguish viral from bacterial pneumonia.

“It’s an interesting topic,” he said. “A lot of 
research has established that it is quite effective in 
reducing antibiotic exposure for pneumonia and 
respiratory tract infections. It has been studied and 
used in Europe for a number of years.”

Interestingly, a recent U.S. study on 
procalcitonin1 did not reach the same conclusions as 
the European studies. But Dr. Pulia, whose response 
to the study was published in the 
New England Journal of Medicine2, 
believes the study results were 
misleading, notably because many 
of the emergency physicians 
ignored the procalcitonin test when 
it displayed a negative result. “We 
know from all the other studies 
that when the test is negative you 
probably don’t need to prescribe 
an antibiotic. But in most of the 
cases physicians prescribed an 
antibiotic anyway,” he explained, 
adding: “Why didn’t they listen to 
the test?”

What the procalcitonin debates 
do help to highlight is the impact 

of behavioral and implementation science – 
another vital component of antibiotic stewardship, 
and one which requires far more research according 
to Dr. Pulia. “There are groups working heavily on 
behavior modification to help improve physician 
compliance,” he said. “We aren’t just dealing 
with systems like a factory, we are dealing with 
people, and therefore we need to understand the 
behavioral motivators.”

It’s obviously a rich yet emerging research field, 
continued Dr. Pulia, with studies still limited to 
either one or just a few centers. “The trouble is 
we don’t have a lot of large-scale implementation 
studies yet.”

Dr. Pulia reasoned that the biggest impact 
on antibiotic stewardship will come when 
interventions currently being tested 
are able to be disseminated and 
implemented nationally. “If you 
achieve a reduction of 10 or 20% 
in antibiotic prescription – which 
is seen to be a success – you are 
cutting down on a huge number of 
prescriptions nationwide.”

In the meantime, Dr. Pulia 
advises hospitals that their priority 
must be to implement their own 
antibiotic stewardship programs 
within EDs. And there are plenty 
of resources that can help, e.g. the 
MITIGATE Antimicrobial Stewardship 
Toolkit3 which is a step by step guide 
to establishing an ED based stewardship 
program. “The ED is a very important 
setting for stewardship that has been 
under-recognized. It’s challenging but it’s not 
impossible,” he said.

It’s vital, too, to give staff the space 
and time to work specifically on 
stewardship. “You need to 

partner with the emergency physicians 
at your hospital and find someone who 
wants to be a champion for antibiotic 
stewardship within the department,” said 
Dr. Pulia. “You need an inside person 
to get the buy-in and get the programs 
accepted. That’s probably the most critical 
step for success in the ED.”

Such champions will be able to keep 
abreast of all of the new interventions in 
the pipeline. “There’s going to be a lot of 
papers, finally, in the literature on EDs,” 

said Dr. Pulia. “And this research is better. It has not 
been adapted from other studies – but rather has 
been custom built and targeted to barriers specific 
to the emergency setting”.
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“You need to partner with the 
emergency physicians at your 
hospital and find someone who 
wants to be a champion for antibiotic 
stewardship within the department.”
Dr. Michael Pulia

“In the ED, we are the 
ones handling the 
initial diagnosis, which 
very often dictates 
which antibiotics 
are prescribed 
downstream.” 
Dr. Michael Pulia



6 ISICEM News Thursday 21 March 2019 Day 3

The role of levosimendan in critical care,  
and dexmedetomidine in sedation
Sedation strategies and choices of hemo-

dynamically active drugs in critically 
ill patients provided the focal points of 

yesterday evening’s Orion Pharma-sponsored 
symposium. The lectures focused on the rous-
able sedation of dexmedetomidine and its use 
in procedural sedation, and on the unique renal 
effects of levosimendan, and its benefits when 
administered in coronary artery bypass grafting 
(CABG) patients.

The symposium, with the inspirational title 
‘Time and balance in critical care: news and 
views’ was introduced by Professor Jean-Louis 
Vincent, and chaired by Professors Fabio Guar-
racino (University of Pisa, Italy) and Wesley Ely 
(Vanderbilt University, Nashville, US). The four 
presentations were given by Matthias Hering-
lake (University of Lübeck, Germany), who 
discussed preoperative levosimendan in CABG; 
Sven-Erik Ricksten (Sahlgrenska University 
Hospital, Gothenburg, Sweden) who addressed 
cardio-renal interplay; Dan Longrois (Hôpital Bi-
chat-Claude Bernard, Paris, France) who spoke 
on the procedural use of dexmedetomidine; and 
Yahya Shehabi (Monash University, Melbourne, 
Australia) who focused on sedative choices in 
the critically ill.

Professor Ricksten discussed the use of 
inotropic drugs with a particular focus on renal 
function, blood flow and renal oxygenation in 
patients with acute heart failure and renal im-
pairment.

When renal impairment occurs as a result 
of cardiac dysfunction, cardiorenal syndrome 
is a predictor of increased mortality. Due to 
the low cardiac output in heart failure, kidney 
blood flow is reduced. Inotropic agents treat 
heart failure by increasing cardiac output and 
performance, and some of these agents are 
also vasodilators.

Professor Ricksten noted that there was 
some ongoing discussion about which inotropic 
agent should be used. Levosimendan has met 
with considerable success in treating acute heart 
failure, especially regarding the renal effects, 
making it unique among such agents. “Not only 
does it increase blood flow to the kidneys but it 
significantly improves glomerular filtration rate 
(GFR),” he said. “There is a specific action in 
the renal vascular bed that is not seen with the 
other agents.”

Levosimendan is a calcium sensitizer and an 
opener of ATP-dependent potassium channels 
with positive inotropic, vasodilatory, and cardio-
protective properties, as well as renal-protective 
properties in settings including cardiac surgery, 
heart transplantation, sepsis, and heart failure.

In the ELDOR randomized controlled study 
(RCT) of short-term inotropic infusion in pa-
tients with heart failure and renal impairment, 
levosimendan and dobutamine were com-

pared. Both caused a similar increase in renal 
blood flow, but only levosimendan increased 
the GFR1.

The lack of alteration in GFR seen with 
dobutamine led to a statistically significant in-
ter-group difference at the end of the treatment 
phase (p = 0.012). In the levosimendan-treated 
patients, renal oxygen delivery increased in 
proportion to the increase in GFR, and further-
more, the filtration fraction was stable during 
levosimendan treatment but fell in response to 
dobutamine (p = 0.045 between groups). The 
LIDO (Levosimendan Infusion versus Dobu-
tamine) Study offers further evidence of renal 
protection with levosimendan showing a sig-
nificant decrease in serum creatinine compared 
with dobutamine2.

Professor Ricksten concluded that, the longer 
the renal impairment continues the more likely 
the patient will require dialysis as well as a stay 
in the ICU. “If I have a patient with heart fail-
ure causing renal impairment it is logical to use 
levosimendan, if an inotropic agent is required. 
This could be the optimal solution.”

“Now that we have shown that levosi-
mendan improves GFR in a physiological and 
pharmacological study, we would welcome a 
properly powered prospective RCT with renal 
outcomes including dialysis or increased creati-
nine and/or kidney failure,” he noted.

Particular benefit in CABG patients – 
LEVO-CTS and LICORN trials
Professor Heringlake turned to the perioperative 
use of levosimendan. Over the 15 years since its 
introduction, levosimendan has also been used 

to stabilize patients undergoing cardiac surgery. 
“Data from smaller – often monocentric – stud-
ies showed that levosimendan improves cardiac 
output and lowers cardiac biomarkers in periop-
erative settings” he said.

“Patients with reduced left ventricular ejec-
tion fraction [LVEF] or right ventricular dysfunc-
tion have a relatively high risk of developing low 
cardiac output perioperatively.”

Recently, two randomized, placebo-con-
trolled, multicenter studies were published on 

Sven-Erik Ricksten

Matthias Heringlake

Fabio Guarracino
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the pre-operative use of levosimendan: LICORN 
(Levosimendan on Low Cardiac Output Syn-
drome [LCOS] in Patients With Low Ejection 
Fraction Undergoing Coronary Artery Bypass 
Grafting With Cardiopulmonary Bypass)3; and 
the phase III LEVO-CTS (Levosimendan in 
Patients with Left Ventricular Systolic Dysfunc-
tion Undergoing Cardiac Surgery Requiring 
Cardiopulmonary Bypass) trial4. In contrast to 
earlier mainly monocentric trials, the results of 
these more recent trials were inconclusive.

However, a subgroup analysis shows some 
interesting findings, remarked Professor 
Heringlake. “In these studies, LEVO-CTS and 
LICORN, where levosimendan was given 30 
minutes prior to surgery in patients with low 

ejection fraction, a clear survival benefit was 
seen in patients treated with levosimendan 
undergoing CABG, but not in patients undergo-
ing combined surgery or outlet valve surgery,” 
he pointed out.

“We don’t know why we see this effect only 
in the CABG patients. We use levosimendan 
routinely in our practice for valve and combined 
surgery and it works for all these. It is most 
likely that these neutral results are due to differ-
ences in patient management in the studies.”

It has to be added that levosimendan has a 
specific organ-protective effect. It does this by 
activating ATP-dependent potassium channels, 
imitating the mechanism of ischemic precon-
ditioning or resistance to loss of blood and 
oxygen supply, which can be a problem during 
cardiac surgery “Together with the inotrope 
mechanism, this makes this drug very inter-
esting,” said Professor Heringlake, who uses 
levosimendan in nearly all patients needing 
an inotrope.

Taking all the available data into considera-
tion, Professor Heringlake – together with a 
committee that reviewed use of levosimendan 
in perioperative cardiac surgery – concluded that 
the agent is safe and effective for the treatment 
of patients undergoing cardiac surgery and in 
need for inotropic support.5

Dexmedetomidine in ICU and for 
procedural sedation
In the presentation by Professor Yayha Shehabi, 
he discussed the various treatment options for 
different patients in the ICU, and the clinical 
benefit and outcome based on sedation strategy 
(e.g. the ABCDEF sedation strategy bundle). A is 
for analgesia, B is for breathing on the patient’s 
own, C is choice of sedation agent, D is to 
monitor and manage delirium when it hap-
pens, E is for early mobilization, F is for family 

engagement in the patient’s care.
“There’s needs to be a balanced, personalized 

approach to the choice of sedative agent. Essen-
tially, the idea that one agent fits all patients at 
all times is an outworn model. Rather a patient 
requires different agents at different stages of 
their illness. It’s essentially a balanced sedative 
approach between the different agents and when 
they are used and how,” he stressed. “It needs to 
be an intensity-matched approach.”

Finally Dr. Longrois discussed the role of 
dexmedetomidine, a highly selective α2-
adrenergic receptor,in the practice of procedural 
sedation and analgesia (PSA). Of note, he ad-
dressed the pharmacology of potential associa-
tions with other drugs and clinically-relevant 
side effects. There are now guidelines published 
by the European Society of Anesthesiology in 
2018 on the practice of PSA (without recom-
mendation of specific drugs), “In defining PSA, 
it is important to consider both elements of 
effectiveness and of safety,” emphasized the an-
esthesiologist.

Dexmedetomidine has sedative, anxiolytic 
and analgesic sparing effects, with preservation 
of the respiratory function. It is indicated for 
adult ICU patients requiring a sedation level 
not deeper than arousal in response to verbal 
stimulation (Richmond Agitation-Sedation 
Scale 0 to -3); and for sedation of non-intubated 
adult patients prior to and/or during diagnostic 
or surgical procedures requiring sedation, i.e. 
procedural/awake sedation.

“The most notable pharmacodynamic effects 
of dexmedetomidine include sedation with 
an opioid-sparing effect, and sympatholysis,” 
explained Dr. Longrois.

“Dexmedetomidine preserves the ventilatory 
drive and the drug’s sedative effects do not alter 
the patency of the upper airway.”
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Measuring antimicrobial resistance,  
the Global-PPS way
A nn Versporten (Antwerp, 

Belgium) is the coordinator of 
the standardized Global Point 

Prevalence Survey of Antimicrobial 
Consumption and Resistance (Global-
PPS), based within the University 
of Antwerp. ISICEM News spoke 
to Dr. Versporten about global 
antimicrobial resistance measures 
ahead of her presentation on the 
Global-PPS during the session 
‘Bacterial challenges’, held today in 
the Silver Hall.

What is the Global-PPS?
It is a simple, freely 
available web-based 
tool to measure 
and monitor 
antimicrobial 
prescribing 
and resistance 
in hospitals 
worldwide (www.
global-pps.com). This 
is an ambitious project, 
because it has established a 
global network of point prevalence 
surveys and provides quantifiable 
measures to assess and compare 
quantity and quality of antibiotic 
prescribing and resistance in 
hospitalized adults, children and 
neonates worldwide.

How long has it been running, 
and by whom?
The Global-PPS was piloted in 2014, 
with worldwide studies conducted in 
20151, 2017 and 2018. The project 
is led by my colleague Professor 
Herman Goossens, also from the 
Laboratory of Medical Microbiology 
here at the University of Antwerp. 
bioMérieux (France ) provides 
unrestricted funding.

What was behind its genesis?
The Global-PPS was developed 
in response to the 4th World 

Forum on Healthcare-
Associated Infections 

and Antimicrobial 
Resistance “Control 
of Antimicrobial 
Resistance without 
borders” which took 
place in Annecy, 

France, in June 2013.2

The Global-
PPS complies with the 

WHO global action plan on 
antimicrobial resistance as requested 
by the Health Assembly in resolution 
WHA67.25, May 2014.3 The goal of 
the global action plan was to ensure 
continuity of successful treatment 
and prevention of infectious diseases 
with effective and safe medicines 
that are quality-assured, used in a 

responsible way, and accessible to all 
who need them.

Five strategic objectives were 
set at the time in order to meet 
the goal: (1) to improve awareness 
and understanding of antimicrobial 
resistance; (2) to strengthen 
knowledge through surveillance and 
research; (3) to reduce the incidence 
of infection; (4) to optimize the use of 
antimicrobial agents; and (5) to ensure 
sustainable investment in countering 
antimicrobial resistance. I believe the 
Global-PPS is helping us move 
towards those objectives.

What did the first global study 
in 2015 discover?
There were some interesting 
findings. For instance, penicillin 
with β-lactamase inhibitors, third-
generation cephalosporins, and 
fluoroquinolones were the three 
most prescribed antimicrobials 
worldwide. Carbapenems were 
most frequently prescribed in Latin 
America and West- and Central 
Asia. The majority of health-care-
associated infections occurred 
in Latin America and East- and 
South Asia. And interestingly, local 
antibiotic guidelines were missing 
for 7050 (19.2%) of the 36,792 
antibiotic prescriptions. Guideline 
compliance was 77.4%.1

Bacterial challenges Silver Hall Thursday 8:00

Countries (marked blue) 

participating and enrolled to 

the Global-PPS

“With this talk we 
hope to motivate 
clinicians and other 
hospital-based 
healthcare workers 
to start surveillance 
of antimicrobial 
prescribing and 
resistance in 
their departments.”
Ann Versporten
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What kind of data does it hold 
today?

The Global-PPS provides three 
surveys on a yearly basis. Nearly 
800 institutions from 79 different 
countries worldwide have participated 
at least once in the Global-PPS. As 
a result, the database now includes 
more than 200,000 patients allowing 
benchmarking of hospitals from 
similar settings (hospital types or 
departments such intensive care, 
hemato-oncology, internal medicine 
and surgery), in the same country, 
region and time periods.

What are the core benefits, from 
your perspective?
A strength of the Global-PPS is that, 
after data-entry and validation, 
the hospital is able to download a 
real- time one-point and longitudinal 
feedback which can be used for local 

communications and presentations. 
Based on the collected Global-
PPS data, hospitals or units can 
set quantifiable quality targets 

for antimicrobial prescribing, and 
measure the impact of interventions 
through repeated PPS. The data 
serves to improve the quality of 
antibiotic prescribing, education and 
development of local guidelines. 
We can share best practices and 
raise awareness of inappropriate 
antimicrobial prescribing.

What will you be sharing today?
My talk will provide the latest global 
antimicrobial consumption and 
resistance results observed in ICUs 
among specific pathologies such as 
sepsis and pneumonia. With this talk 
we hope to motivate clinicians and 
other hospital-based healthcare workers 
to start surveillance of antimicrobial 
prescribing and resistance in their 

departments. We want also to motivate 
them to identify targets that could help 
us improve antimicrobial prescribing.

How do you hope the data are 
utilized?
I hope the Global-PPS is instrumental 
in planning and supporting local and 
national stewardship interventions in 
a range of resource and geographical 
settings. Governments can use 
the Global-PPS tool to improve 
antimicrobial prescribing as part of 
their National Action Plan, which they 
are expected to draw up, with limited 
cost and investments in hospital staff.
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Could cell-based therapies deliver in sepsis 
where drugs have failed?

T he evidence to date surrounding the 
potential efficacy of mesenchymal stem cells 
(MSCs) as therapeutic agents in sepsis will 

be presented today by John Laffey (Regenerative 
Medicine Institute (REMEDI), CÚRAM Centre for 
Research in Medical Devices, Biomedical Sciences 
Building, National University of Ireland Galway; 
Department of Anesthesia and Intensive Care 
Medicine, Galway University Hospitals, SAOLTA 
Hospital Group, Ireland).

The concept centers around the modulation 
of innate immunity and the notion that immune 
stimulating strategies may be an effective means 
of avoiding or repairing immune deficits in the late 
stages of the syndrome. Moreover, the complexity 
of the host response suggests that any single drug 
is only ever likely to be partially effective, with the 
contemporaneous obstacle of antibiotic multidrug 
resistance adding to this issue.1

The potential value of allogeneic MSCs in 
sepsis is described by Keane et al (2018)1. As 
the authors describe, MSCs are known to be 
relatively immune-privileged; they exert numerous 
immunological effects, and a growing body of 
evidence supports their safety. Keane et al. also 

outline evidence indicating that MSCs may restore 
endothelial barrier function and organ function, 
as well as increasing immune cell recruitment, 
including macrophage-mediated phagocytosis and 
bacterial killing.1

Dr. Laffey described to ISICEM News how 

improved understanding of the subcategories of 
disordered immune response in sepsis feeds into 
this work: “In studies done so far, we have not 
been able to categorize the underlying biology 
in a way that would allow us to make treatment 
decisions. But some of the more recent research is 
moving in that direction.

“This is important for stem cell therapy, 
because we think that these cells have effects that 
will enhance aspects of the immune response, 
particularly around the innate immune response. 
The work we have been doing has been looking 
at macrophage phagocytosis and killing of 
bacteria. We think that a promising strategy 
would be to target these treatments to patients in 
whom there is a problem with that aspect of the 
immune response.”

Discussing how such patients might be 
identified in practice, Dr. Laffey went on: “If we had 
a bedside test that tells us pretty quickly if a patient 
has a change in their immune response due to 
sepsis that is potentially targetable by MSCs, then 
we could look to recruit those kinds of patients 
into studies.

“At the moment, the difficulty with the 
classifications of sepsis patients is that they are all 
done post-hoc. They are proof of concept, so they 
are interesting, but what we really need is a test at 
the bedside.”

The recently published CISS (Cellular Immunity 
for Septic Shock trial) represented the first phase 
I clinical trial evidencing the safety of allogeneic 
freshly cultured bone marrow-derived MSCs for the 

New therapies for sepsis Salle M (Bozar) Thursday 8:00

“My talk will provide 
the latest global 
antimicrobial 
consumption 
and resistance 
results observed 
in ICUs among 
specific pathologies 
such as sepsis 
and pneumonia.”
Ann Versporten

“We think that these cells have 
effects that will enhance aspects 
of the immune response.”
John Laffey

Continued on page 10
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treatment of septic shock, providing the rationale 
and justification for larger trials on this question2.

Asked about other clinical areas that have 
informed the study of MSCs in sepsis, Dr. Laffey 
continued: “One area that has parallels to sepsis, 
in that it is an immune-mediated disease, is graft 
versus host disease. The data is not fully conclusive 
in regard to their effect, but it is an orphan disease 
and there are no other therapies, so on the basis of 
promising phase II clinical trial data, some countries 
have licensed MSCs for this use. They work by 
suppressing the T-cell response. People working 
in sepsis, particularly those involved in stem cell 
research, would look quite closely at the work done 
in that field.”

The other area that is relevant to sepsis is 
acute respiratory distress syndrome (ARDS), he 
added, which is sepsis-induced in many patients. 
Summaries of cell therapies in ARDS have recently 
been described by Dr. Laffey and colleagues3,4.

Ongoing challenges consist in understanding 
the many different mechanisms of action of 
MSCs, and indeed which are most relevant in 
specific sepsis patient populations1. “There are a 
number of different things that MSCs do,” said 
Dr. Laffey. “They have direct antimicrobial effects. 
They have effects on the immune response itself, 
particularly on the macrophage response. They have 
regenerative effects, aiding tissue repair and injury 
resolution. It is hard to know just how that balance 

works out. That is important because as we better 
understand the biology of sepsis, we would like 
to target these cells at particular defects that we 
are seeing.”

A particularly interesting avenue of research 
is into the use of extracellular vesicles (small, 
spherical membrane fragments comprising 

distinct populations including both exosomes 
and microvesicles) derived from MSCs. The 
benefit of this, said Dr. Laffey, is that the need to 
introduce foreign genetic material to the patient 
is circumvented, while the therapeutics effects of 
MSCs are still exerted. He and others have recently 
published on this topic, having conducted a study 
on their effects in E. coli-induced pneumonia in rat5.

Turning to translational challenges, Dr. Laffey 
continued: “We are dealing with a cell, and the cell 
is much more difficult to make in a standardized 
way than a pharmaceutical product. There are lots 

of challenges around making cells that have similar 
potency or similar effects, particularly when you 
are trying to make the large numbers needed for a 
clinical trial or for treating patients.

“There are also challenges in terms of the 
mechanism. Regulators would have concerns about 
a medical therapy where the dominant mechanism 
of action is not fully understood. It is hard, then, 
to grade potency of cells if you don’t know exactly 
how the product works.”

Dr. Laffey speaks during ‘New cell therapies 
for sepsis’ in Salle M (Bozar) from 8:00 to 11:45 
this morning.
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Sepsis: We must act before the hospital admission

D uring a session yesterday 
focusing on the burden of 
sepsis, Christopher Seymour 

(The Clinical Research, Investigation 
and Systems Modeling of Acute illness 
(CRISMA) Center, Department of 
Critical Care Medicine, University of 
Pittsburgh School of Medicine, USA) 
addressed the feasibility of prehospital 
diagnostics and intervention 
for sepsis.

Dr. Seymour highlighted the 
significant care burden of sepsis upon 
pre-hospital clinicians. “There is this 
notion that these folks just ‘scoop and 
run’ from someone’s living room and 
show up in the hospital five minutes 
later,” he told ISICEM News. “But in 
many places, at least in the U.S. and 
other place where there are more 
rural and semi-rural environments, 
emergency medical services (EMS) are 
spending a lot of time with patients.”

As such, he explained, the 
duration that EMS spend with 

patients in some regions overlaps 
significantly with the typical time 
to treatment recommendations 
from sepsis guidelines. This, he 
said, suggests the possibility of 
improving care for these sepsis 
patients by developing both 
sepsis recognition and treatment 
methods available to EMS.

“There is absolutely a window 
of time to do something. There 
needs to be recognition. Then 
there needs to be treatment. 
And you could slip in the middle 
of that a notification or some 
sort of communication between the 
pre-hospital clinicians and where they 
are headed.”

Dr. Seymour and colleagues 
investigated the epidemiology of 
pre-hospital severe sepsis analysis 
of incidence, care, and outcome 
in a retrospective study, finding 
that more than 40% of all severe 
sepsis hospitalizations arrived at the 

emergency department after EMS 
transport, and 80% of cases were 
diagnosed on admission. Furthermore, 
pre-hospital care intervals exceeded 
a mean of 45 minutes for those 
hospitalized with severe sepsis.1

“Those that take care of sepsis 
and its downstream consequences 
would say that these front-end 
protocols are important because it is 

these first hours that matter. There 
is an urgent need for things to 
happen quickly by EMS or at least 
notification to the hospital so that 
the hospital can get things started 
right away.”

As such, he explained, a number 
of groups have been studying a 
range of tools potentially suitable 
for EMS use with the aim of 
identifying cases of sepsis early. “In 
part this is because, when surveys 
have been done and there have 
been educational assessments, 
some of these first-line providers 

are lacking the appropriate 
knowledge and awareness that many 
in-hospital clinicians have.2

“Different tools have been 
proposed, such that those that use 
vital signs or temperature, involve 
directed questioning about suspected 
infection, to help get patients 
flagged as possibly septic. These risk 
prediction tools for pre-hospital care 

New therapies for sepsis Salle M (Bozar) Thursday 8:00
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“As we better understand 
the biology of sepsis, we 
would like to target these 
cells at particular defects 
that we are seeing.”
John Laffey

Could cell-based therapies deliver in sepsis where drugs have failed?

“There is absolutely 
a window of time 
to do something. 
There needs to be 
recognition. Then 
there needs to 
be treatment.”
Christopher Seymour 
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The burden of sepsis 100 Hall Wednesday 13:45

have been, I would say, moderately 
successful. They have not yet been 
tested in prospective trials, but have 
merely been developed using existing 
or retrospective data.”

The lack of specificity of metrics 
such as vital signs, which could 
indicate a number of conditions, 
has prompted recent study of 
potential biomarkers that could be 
measured in the prehospital setting 
in order to help stratify patients. Dr. 
Seymour will discuss such research, 
involving biomarkers such as lactate, 
procalcitonin, and inflammatory 
cytokines, during his presentation.

In addition to these emerging 
techniques, Dr. Seymour also touched 
upon established treatments, such 
as intravenous fluid and vasopressor 
administration, which are being 
investigated in terms of usage 
and appropriateness.

“There is great observational data, 
at least from the US and Canada, that 
fluids are potentially underused, not 
applied to patients in shock, and that 
sometimes sepsis patients are not 
even receiving an IV catheter. There 
has also been work that has asked 
whether, among those sepsis patients 
who received prehospital fluid, is 
this actually associated with a better 
outcome. Again, this has not been 
tested prospectively, but in existing 
data models suggest that prehospital 
fluid, as opposed to none, is 
associated with a reduced in-hospital 
mortality among sepsis patients with 
organ dysfunction3,4.”

Discussion will be ongoing 
this year at ISICEM regarding the 
assessment of volume status, the 
appropriate volume of fluid for 
individual patients, and the balance 
between intravenous fluids and 
vasopressors. “Many are going to 
be discussing whether fluids 
are actually harmful for 
patients, and whether 
we should be 
using vasopressors 
even earlier,” 
commented Dr. 
Seymour. “On 
the other hand, 
vasopressors are 
already part of the 
armamentarium, 
and as we learn 
about the optimal 
way of managing the 
haemodynamics of 
the sepsis 

patient the paramedics or physicians 
will continue to learn how to best 
manage them on the front end.”

The improvement of timely sepsis 
care might also include novel tactics, 
such as the use of antibiotics before 
hospital arrival. This was recently 

investigated in the PHANTASi trial 
(Alam et al., 2018)5, which 

compared the effects 
of early administration 
of antibiotics in the 
ambulance with 
usual care. “We have 
talked about this idea 
of putting antibiotics 
in the ambulance for 
a few years,” said 

Dr. Seymour. “In the 
recent Dutch PHANTASi 
trial, at least in low acuity 

sepsis patients, 
antibiotics 

(ceftriaxone) could be administered to 
patients in the ambulance, obviously 
shortening time to treatment. This 
trial was neutral for their primary 
outcome of 90-day mortality, but 
it showed a proof of concept that 
drugs could be safely administered in 
a more timely way in the ambulance 
in Europe.”
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“There is great 
observational data... 
that fluids are 
potentially underused.”
Christopher Seymour
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New European guidelines announced on 
trauma-induced coagulopathy

Immediate viscoelastic coagulation monitor-
ing is key for individualised goal-directed 

coagulation algorithms and should be manda-
tory in every hospital, the ISICEM audience 
heard yesterday.

Announcing the launch of the new European 
Guideline on the Management of Major Bleed-
ing Following Trauma (5th Edition)1 Donat R. 
Spahn, Professor and Chairman of the Institute 
of Anesthesiology, University Hospital, Zurich, 
Switzerland stressed that compliance with the 
Guideline improves survival.

Coagulopathy is frequent after major trauma, 
and correlates with mortality. Fibrinogen is the 
coagulation element that becomes critically 
reduced first in many trauma patients.

One of the new recommendations (Num-
ber 24) made in the Guideline is that initial 
management of patients with expected massive 
hemorrhage may include treatment with fresh 
frozen plasma (FFP) or pathogen-inactivated 
FFP (using an FFP:red-blood-cell [RBC] ratio 
of at least 1:2), or fibrinogen concentrate and 
RBC (Grade 1c). The Guideline includes a new 
chapter recommending a goal-directed strategy, 

guided by standard laboratory coagulation values 
and/or viscoelastic methods like ROTEM or 
TEG and coagulation factor-based management, 
with fibrinogen supplementation and plate-
let administration.

Other recommendations include rapid trans-
port of injured patients – ideally to a special-
ized trauma center– and effective monitoring 
and support coagulation should be in initiated 
as early as possible to guide a goal-directed 
treatment strategy. Another recommenda-
tion stipulates that coagulation support and 
thromboprophylactic strategies should consider 
trauma patients who have been pre-treated with 
anticoagulants or platelet inhibitors.

Professor Spahn stressed: “Local adherence 
to a multidisciplinary, evidence-based treatment 
protocol should serve as the basis of patient 
management and regular quality assessment.”

Recommendation 33 on the reversal of 
vitamin-K anticoagulants details that in bleed-
ing trauma patients, emergency reversal should 
be carried out with the early use of prothrombin 
complex concentrate (PCC) and 5 mg intrave-
nous phytonadione (vitamin K). Professor Spahn 

explained the rationale for this recommendation 
was based on the findings of a systematic review 
and meta-analysis of 19 studies2 which showed 
PCC provided more rapid and complete factor 
replacement (OR 0.64; 95% CI 0.27–1.5) for 
PPC vs. FFP. It also found there were thrombo-
embolic complications in fewer PCC recipients 
(2.5%) than FFP recipients (6.4%).

Petra Innerhofer, Head of the Department of 
Anesthesia and Critical Care Medicine, Medical 
University Innsbruck, Austria, presented her 
findings from the RETIC (Reversal of trauma-
induced coagulopathy [TIC] using first-line 
coagulation factor concentrates or fresh frozen 
plasma) single-center, parallel-group, open-label, 
randomized trial.3

Dr. Innerhofer explained the background is-
sues in TIC, saying persisting coagulopathy and 
huge transfusion requirements are associated 
with morbidity and mortality.

“Thus, immediate stoppage of bleeding is 
important to stabilize the trauma patient, as we 
know there is an association between time delay 
and poor outcome – the golden hour,” she said.

“With coagulation factor concentrate (CFC) 

“Local adherence to a 
multidisciplinary, evidence-
based treatment protocol 
should serve as the basis of 
patient management and 
regular quality assessment.”
Donat R. Spahn

“Correction of Trauma Induced 
Coagulopathy (TIC) is feasible in 
96% of severely injured patients 
with coagulation factor concentrates 
(mainly fibrinogen concentrate) 
alone, while this was true for only 
48% when an FFP-based therapy 
was used.”
Petra Innerhofer
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administration a quick and effective rise of coag-
ulation factors is feasible, while FFP transfusion 
needs time (ordering from the blood bank, time 
to administer large volumes of about 2000 ml or 
more), concentrations of factors are low and the 
volume expanding effect hinders an effective rise 
in concentrations.”

The RETIC trial assessed the superiority of 
CFC to FFP-based therapy in adult patients with 
major trauma (Injury Severity Score [ISS] > 15), 
bleeding signs and coagulopathy as measured 
with thromboelastometry, including ROTEM 
whole blood analyser, ExTEM, a screening test 
for the haemostasis system and FibTEM, an 
ExTEM based assay for the fibrin part of the 
clot, (ROTEM; FibTEM A10 < 9 mm and/or 
ExTEM clotting time > 90 s). Patients received 
either first-line FFP (15 ml/kg) or fibrinogen 
concentrate (50 mg/kg), and in selected cases 
prothrombin complex concentrates (20 IU/kg) 
and factor XIII concentrate (20 IU/kg).

If double-dose study drug administration 
did not correct TIC and/or diffuse-to-massive 
bleeding persisted, rescue medication was 
administered in a crossover fashion. The study 
was terminated early as the pre-planned interim 
analysis after enrolment of 100 patients con-
firmed that stopping rules were met. Overall, 
44 patients on FFP and 50 patients on CFC 
were included in the modified intention-to-
treat analysis.

Dr. Innerhofer summarised the key findings 
of RETIC trial, relaying that CFC corrected poor 
fibrin polymerization effectively and rapidly, 
increased clot firmness and slowed platelet 
reduction; the opposite was observed with FFP. 
International normalized ratio (INR) decreased 
by ~0.2 from baseline after FFP transfusion 
but was unchanged after use of CFC. Rescue 
therapy was needed in 2/50 patients on CFC 
(4%) vs 23/44 patients on FFP (52.3%; OR 
25.34; 95% CI 5.47–240.03; p < 0.0001); the 
number needed to treat for reversal of TIC with 
CFC was 2.07 (95% CI 1.6–3.1).

Dr. Innerhofer added: “With regards to 
bleeding, after first study drug administration, 
patients on FFP showed diffuse and massive 
bleeding more frequently than patients on CFC 
(p = 0.0004), and bleeding scores correlated 
significantly (p = 0.0001) with need for mas-
sive transfusion.

“When it came to transfusion, patients 
on FFP required platelet concentrates more 
frequently (48% vs. 20%; p = 0.0078), received 
significantly more RBC/24 hours (6 vs 4 units; 
p = 0.028) and had an increased rate of massive 
transfusion (RBC ≥10 U/24 hours).

She said multiple organ failure (MOP) was 
16% higher in the FFP group than in the CFC 
group and in-house mortality was remarkably 
low and comparable between groups

“Correction of TIC is feasible in 96% of se-
verely injured patients with CFC (mainly fibrino-
gen concentrate) alone, while this was true for 
only 47.7% when an FFP-based therapy was used, 
meaning you can just flip a coin whether FFP will 

work or not,” added Dr. Innerhofer. “In addition, 
patients who responded to FFP alone had the low-
est ISS and only borderline values of TIC.

“Uncorrected TIC measured as persistent hy-
pofibrinogenemia and poor clot firmness results 
in increased blood loss and threefold increased 
rate of massive transfusion which is defined as 
10 or more units of RBC/24-h as compared to 
CFC use. Severity of injury and brain injury are 
significant confounders when evaluating the risk 
for multiple organ failure (MOF) which was the 
primary endpoint. The adjusted analysis showed 
a three-fold increased risk for MOF in the FFP 
group. This is clinically plausible as blood loss 
and transfusion requirements are associated 
with MOF.”

Dr. Innerhofer’s take-home message to the 
congress was that clinicians should closely mon-
itor the patient with Points of Care (POC) vis-
coelastic tests, administer the factor needed by 
the individual patient and that most frequently 
this will be fibrinogen. FFP may be needed only 

in the very late course of huge blood loss when 
deficiency of FV or FXI (coagulation factors) 
needs to be corrected (not available as concen-
trates). If no fibrinogen concentrate is available, 
she added, use cryoprecipitate early.

“The advantages of concentrate over fibrino-
gen are the defined concentration of the factor of 
interest, and the fact that it can be administered 
immediately at low volume and effectively raise 
concentrations,” said Dr. Innerhofer.

Commenting on the implications of the 
RETIC study, Dr. Innerhofer said fibrinogen 
should be closely monitored and effectively cor-
rected as soon as possible because it is a major 
part of clot firmness even in thrombocytopenia 
patients and clot firmness is a precondition for 
cessation of bleeding.

“Effective correction is feasible with CFC but 
not with FFP, and cryoprecipitate may be an alter-
native, but the use is also time consuming and the 
content of FVIII coagulation factor might increase 
thromboembolic complications,” she said.

In conclusion, Dr. Innerhofer commented: 
“Fibrinogen concentrate allows early effective 
correction of poor fibrinogen concentration/
polymerization, limiting blood loss, transfusion 
requirements (and the need for massive transfu-
sion), and reduces the risk of MOF.”

Also speaking during the session was Daniel 
Dirkmann, an anesthesiologist at the University of 
Essen who addressed the audience about point of 
care diagnostic testing in trauma patients.
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Inhaled sedation breathes new life into 
care of critically ill patients

Potential advantages of inhaled sedation 
over IV sedation in intensive care patients 

were highlighted yesterday at ISICEM.
Besides being short-acting sedatives, with 

little hangover after sedation, inhaled anes-
thetics appear to have pulmonary therapeutic 
effects, as described in a recent review1 by 
Brian O´Gara and Daniel Talmor, a professor 
of Harvard Medical School and Chair of the 
Department of Anesthesia, Critical Care and 
Pain Medicine, Beth Israel Deaconess Medical 
Center, Boston, MA, USA.

The anti-inflammatory effects of inhaled 
anesthetics have been demonstrated to improve 
oxygenation in acute respiratory distress syn-
drome (ARDS), in numerous animal studies, 
and more recently in ICU patients2. Inhaled 
sedation has been known to be bronchodilatory 
and has been used as a rescue therapy for pa-
tients with severe asthma for decades. The re-
cent discovery of pulmonary anti-inflammatory 
effects and improved oxygenation could poten-
tially improve outcomes in patients with or at 
risk for ARDS or acute hypoxemia respiratory 
failure (AHRF) and warrants further studies.

Professor Talmor told the meeting: “Volatile 
anesthetics are more than just drugs that we 
use to put people to sleep.

“We have to carefully study the non-sedative 
effects of inhaled anesthetics, as expanding 
their therapeutic uses in the ICU has a chance 
in my opinion of becoming a real game-changer 
as we save two birds with one stone.”

Another advantage that was highlighted was 
the rapid reversibility of inhaled ICU sedation, 
meaning that it can be deepened to the level of 
anesthesia for short periods to manage painful 
procedures in the ICU, e.g. during changing 
dressings in burn victims, without leading to 
prolonged residual sedation.

In his presentation, Professor Boris Jung of 
the Department of Anesthesia at the Centre 
Hospitalier, University of Montpelier, France, 
told the audience about his own positive 
experiences from the use of inhaled sedation in 
difficult-to-sedate critically ill patients.

Patients in distress who are treated with 
IV sedation face the risks associated with dose 
escalation, including extensive wake-up times 
with multiple sedatives often needed. In turn, 
they can be difficult to wake to Richmond 

Agitation-Sedation Scale (RASS) 0 after seda-
tion. Instead, these difficult-to-sedate patients 
tend to wake up agitated or spend hours or 
even days in a “twilight zone” suffering from 
delirium, hallucinations and delusions.

In two studies of inhaled sedation, patient-
reported outcomes were better than with IV 
sedation. Patients reported no hallucinations or 
delusions after inhaled sedation with isoflu-
rane or sevoflurane in the ICU, compared to a 
significant proportion reporting such adverse 
memories after iv sedation3,4. Hallucinations 
and delusions in the ICU are associated with 
the later development of posttraumatic stress, 
a debilitating condition that occurs in 20-25% 
of ICU survivors. Indeed, patients treated with 
inhaled sedation are calmer and more lucid on 
awakening, with fewer delusions and hallucina-
tions, the audience were told.

Professor Jung said: “IV sedatives do accu-
mulate and are often difficult to titrate to target 
in some of the critically ill patients (e.g. when 
kidney or liver function are impaired). Deep se-
dation is still needed in some of the critically-ill 
patients (early course of ARDS, brain injury or 
status epilepticus for instance) and on the other 
hand, many critically-ill patients do present 
comorbidities which alter pharmacokinetics of 
the usual IV drugs.”

Professor Jung said light sedation is war-
ranted in most of the patients, but sometimes 
difficult to reach for many reasons (including 
PK issues but also tachyphylaxis to the usual 
IV drugs). He concluded: “Inhaled anesthet-
ics may be part of our toolbox in some of the 
patients when either deep sedation or light 
sedation cannot be achieved with the IV drugs.”

Kerstin Röhm, associate professor from St. 
Mary’s and St. Anna’s Hospital in Ludwig-
shafen, Germany, addressed the question 
as to why inhaled sedation makes sense for 
critically ill patients and how this therapy 
facilitates the ABCDEF bundles. With inhaled 
sedation, she said, appropriate sedation levels 
can be reached, and spontaneous breathing 
facilitated from the time of intubation, which 
is not always possible with propofol or mida-
zolam.

“With inhaled sedation we can count on 

“Inhaled anesthetics may be part of our 
toolbox in some of the patients when 
either deep sedation or light sedation 
cannot be achieved with the IV drugs.”
Boris Jung

“With inhaled sedation 
we can count on a 
reliable wake-up, early 
extubation and an organ-
independent elimination.” 
Kerstin Röhm
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a reliable wake-up, early extubation and an or-
gan-independent elimination,” she said. “This 
is why I do not have to worry about prolonged 
ventilator time and multiorgan dysfunction 
problems anymore in my daily work when giv-
ing my patients the sedation they need.”

In her presentation, Assoc. Professor Röhm 
summarized research from the past 10 years 
on inhaled sedation, noting that it was not a 
new concept in Germany where it has been 
widely used since 2005, with expanding use 
to more than 600 ICUs, and with a place in 
the German Sedation Guidelines since 2010. 
Assoc. Professor Röhm stressed that inhaled 
sedation would be suitable for patients 
with multiple organ failure who are at 
substantial risk of hangover of sedation 
due to accumulation of sedatives.

She urged the ISICEM audience 
to change their rituals at the bedside 
and use multidisciplinary teams that 
use the ABCDEF bundle concept and 
consider the potential advantages of 
inhaled sedation in intubated and 
ventilated patients. “If you use sedatives 
with nearly ‘ideal’ properties, you will 
have a programmed and more reliable 
wake-up and extubation, leading to 
earlier mobility and recovery from the 
ICU, and potentially a higher quality of 
life after critical illness,” she concluded.
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“We have to carefully study the 
non-sedative effects of inhaled 
anesthetics, as expanding their 
therapeutic uses in the ICU 
has a chance in my opinion of 
becoming a real game-changer 
as we save two birds with 
one stone.”
Daniel Talmor
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Optimizing brain oxygenation:  
all about ventilation?

U nder discussion today are the 
results of the first published 
study into the feasibility and 

effect of targeting low versus high 
variations of arterial carbon dioxide 
tension (PaCO2), arterial oxygen 
(PaO2) tension and mean arterial 
blood pressure (MAP) on a marker of 
hypoxic ischemic encephalopathy (HIE) 
in successfully resuscitated patients 
following out of hospital cardiac 
arrest (OHCA).1,2

This work will be discussed by 
Markus Skrifvars (Department of 
Emergency Care and Services, Helsinki 
University Hospital, Finland), during 
today’s session on the topic of limiting 
post-anoxic brain injury.

The optimal values of PaCO2, 
PaO2 and MAP in post-cardiac arrest 
ventilated patients for the prevention 
of postanoxic brain injury remain to 
be elucidated. Their relationship is 
known to be complex.3

Because of the controversy 
regarding the benefit of using 
vasoactive agents to raise MAP 
with the aim of increasing cerebral 
perfusion, the limited high-quality 
data on the optimal carbon 
dioxide and oxygen targets 
in cardiac arrest patients, 
and the lack of randomized 
controlled trial data on 
this topic, Dr. Skrifvars and 
colleagues conducted the 
prospective, multi-center, 
randomized pilot trial with 
a 23 factorial design to 
investigate these targets1,2.

Describing the 
background of the study, Dr. 
Skrifvars told ISICEM News: 
“Brain injury is a common cause of 
death in these cardiac arrest patients. 
There has been data suggesting 
that, in the brain, there is a problem 
with diffuse ischemia related to 
vasoconstriction among others.

“The way to increase oxygen in 
the brain is based on the amount of 
oxygen in the blood, the amount of 
carbon dioxide in the blood and by 
increasing MAP. These three things 
we are able to modulate quite easily. 
But remarkably, we do not know 
anything about what sort of levels we 
should be targeting, even though this 
is something that comes up with all 
cardiac arrest patients.”

The study, conducted between 

March 2016 and November 2017, 
randomized 123 unconscious, 
mechanically ventilated patients 
resuscitated from OHCA to receive 
intervention targets of low-normal 
or high-normal PaCO2, normoxia or 
moderate hyperoxia and low-normal 
or high-normal MAP for the first 36 
hours in the ICU. Each patient was 
randomized into one of eight arms 
with each arm having a different 
combination of targets for PaCO2, 
PaO2 and MAP. The primary outcome 
was serum concentration of neuron 
specific enolase (NSE) (a marker of 
HIE) at 48 hours after cardiac arrest, 
while secondary outcomes included 
the investigation of further brain 

injury markers including SB100 
protein, cardiac troponin plasma 
concentrations and regional 
frontal cerebral oxygenation.1,2

The implementation of the 
study’s complex design was 
proven to be feasible, explained 
Dr. Skrifvars: “It was a bit of 
a worry whether staff could 

successfully target all these different 
interventions. And we definitely 
showed that it was feasible – that you 
can target these targets individually 
and succeed. For that we can thank 
the very cunning nursing staff and 
intensivists on call.”

He also commented on the study’s 
primary outcome, which did not reach 
significance: “In the past there have 
been some other studies that – by, 
for example, limiting PaO2 use after 
cardiac arrest, or modulating PaCO2 
after cardiac arrest – have been able 
to achieve quite big differences in the 
value of NSE. But for us there was 
really no difference at all.”

Most secondary outcomes were 

also not significantly affected by any 
of the variables under investigation. 
Interestingly however, one of the 
study’s secondary outcomes – the 
median cerebral oxygen saturation 
(rSO2), measured non-invasively by 
near-infrared spectroscopy (NIRS) 
– was significantly higher in the 
high-normal PaCO2 group than in the 
low-normal PaCO2 group (p < 0.001). 
In addition, the rSO2 was significantly 
higher in the moderate hyperoxia 
group than in the normoxia group 
(p < 0.001). A similar association was 
not identified with variation of MAP. 
The investigators propose that this 
may reflect improved cerebral oxygen 
delivery; however, they add, the 
relationship between rSO2, cerebral 
blood flow and outcome is not 
fully understood1,2.

“This may suggest that cerebral 
autoregulation might be working,” 
said Dr. Skrifvars. “That the blood 
vessels in the brain react to changes 
in blood pressure by constricting and 
vice versa. That is something that we 
haven’t really been able to study with 
this large a sample before.

“The conclusion of all of this is 
that it might be that, in the future, 
we should not just look at one value 
of cerebral oxygenation. We might 
have to individualize. That is what 
we are looking at now in our post-
hoc studies.

“Perhaps if everything goes well, 
in five years we will put on a NIRS 
monitor and obtain values of blood 
pressure. But we definitely showed 
here that just increasing MAP in 
all patients is not doing the trick in 
these patients.”

‘Limiting postanoxic brain injury’ takes 
place in Silver Hall today from 15:45 
to 18:00.
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“It was a bit of a worry 
whether staff could 
successfully target all these 
different interventions. We 
definitely showed that it 
was feasible.” 
Markus Skrifvars
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Smart ICU, smart treatment?
I n tomorrow’s future-centric session, Ricard 

Ferrer, head of the ICU at the Hospital 
Universitari Vall d’Hebron, Barcelona, Spain, 

will be relaying his experiences in moving from 
a 43-year-old ICU to, what he terms, a state-
of-the-art smart ICU. “In the last year I’ve been 
working on designing our ICU,” he told ISICEM 
News. ”That’s why my talk is going to be about 
how to build a modern ICU and what is coming in 
the future.”

Dr. Ferrer’s smart ICU features several important 
components: connectivity, a smart building, smart 
data and smart care, all of which he’ll outline. 
Connectivity in the ICU can increase the safety of 
patients, for example via centralization of the alarm 
system: “We have all the monitoring devices within 
one cubicle, such as bedside monitors, connected 
to alarms in a central station. This is uncommon,” 
he said.

Via this centralization, a nurse can monitor say, 
20 patients, each with four or five devices. “In 
the end, he or she could control 100 devices 
for safety,” he said. “At the same time, he or 
she can check on the status of a patient within 
each cubicle, using the camera.”

The additional advantage of placing all 
the alarms outside each cubicle is that the 
door to each cubicle can remain closed. “That 
reduces infection spreading from one patient 
to another, and the patient is comfortable 
because they have privacy, and it’s very quiet,” 
he said.

Smart care means that monitoring devices aren’t 
just centralized, they are linked to other devices 
that perform certain functions. “If you connect 
monitoring devices to the ones that are supporting 
patients, and they can interoperate, then your 
devices can be autonomous,” said Dr. Ferrer. “We 
can construct closed loops, so you don’t need the 
interaction of the nurse or the doctor. You can then 
spend more time with the patient.”

By way of example, Dr. Ferrer spoke of a 
patient undergoing mechanical ventilation. “Say 
there is a need to wean the patient from the 
ventilator. The ventilator can start the weaning 

process using algorithms that can manage the 
devices which measure, say, oxygen saturation 
and CO2 exhalation, all of which are attached to 
the ventilator.”

Connectivity to the rest of the building is key for 
this kind of smart ICU to work effectively, continued 
said Dr. Ferrer, as the building is able to respond 
to certain clinical situations. “For example, if a 
patient has a cardiac arrest, we can send a message 
through the server and the building will respond by 
opening the doors of the cubicle, increase the light 
and prepare the cubicle so that the patient can be 
quickly attended to.”

The building can operate algorithms that 

respond to the needs of the patient, as well. This 
includes the ability to change lighting to indicate 
noise levels are too high, or to mimic sunset and 
sunrise. “That’s so they can get plenty of rest and 
keep the rhythm between the day and the night, 
which is very good for recovering ICU patients,” 
he said.

Another facet of the smart ICU that has great 
potential is the ability to harness the power of 
artificial intelligence and automated data collection. 
While this is yet to be realized, in future the plan is 
to collect data from monitoring devices and build 
an interrogable database. Using this data, it might 
be possible to create predictive models, or other 
tools for, say, sepsis detection.

“Predictive models are an interesting concept 
to incorporate into smart ICUs. As we collect the 
data from patients, we can analyze it and see which 
patients are at risk of having sepsis or showing the 
signs of sepsis,” said Dr. Ferrer. “This will allow 
faster diagnosis in an early phase of sepsis, before 
the condition is clinically evident.”

Dr. Ferrer also highlighted the power of smart 
ICUS for improving patient communication. 
For example, ventilated patients in the ICU 
cannot speak, but they are awake and need to 
communicate. “Therefore, we are testing the ability 
to use a tablet to reproduce human speech,” he 
said. In addition, they are looking at anthropological 
robots which can help with neurorehabilitation 
through interactive games and communications. 
Concurrently with these interventions, Dr. Ferrer 
said it will be essential to examine the role of 
physicians within the smart ICU.

Dr. Ferrer added an important message on 
ICU devices. “We want connectivity, connectivity, 
connectivity,” he said. “I don’t accept any devices in 
the ICU without connectivity and other physicians 
should not accept them either.”

He concluded: “Physicians designing ICUs 
are not thinking beyond square meters and the 
equipment. The next step is to think, how is this 
equipment going to interconnect, how are we 
going to get data, and how are we going to use 
this data?”
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“Don’t accept any devices in 
the ICU without connectivity 
and other physicians should 
not accept them either.”
Ricard Ferrer






