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ABREVIATIONS 
AC: awake craniotomy 

ACLS: advanced cardiac life support 

AED: anti-epileptic drug  

ANZCA: Australian and New Zealand College of Anaesthetists. 

BB: beta-blockers  

CABG: coronary artery bypass grafting 

CPB: cardiopulmonary bypass 

CsO2: Cerebral tissue oxygen saturation 

CT: computed tomography  

CVC: central venous catheter 

DOAC: direct oral anticoagulant 

EACS: European AIDS Clinical Society 

EATA: European Association of Cardiothoracic EATA Anaesthesiology  

ESICM: European Society of Intensive Care Medicine. 

GCS: Glasgow Coma Scale 

HR: heart rate 

IRI: ischaemia and reperfusion injury 

LDL: low-density lipoprotein 

LMWH: low molecular weight heparin 

MAP: mean arterial pressure 

MI: myocardial infarction 

MINS: myocardial injury after non-cardiac surgery 

PAE: paradoxical air emboli 

PBM: patient blood management  

PCC: prothrombin complex concentrate 

PEEP: positive end expiratory pressure 

SSAI: Scandinavian Society of Anaesthesiology and Intensive Care Medicine.  

TBI: Traumatic Brain Injury 

UFH: unfractionated heparin 

VA: volatile anaesthetics. 

VAE: venous air embolism 
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PATIENT BLOOD MANAGEMENT 
(PBM) IN CARDIAC SURGERY 

GUIDELINES OVERVIEW AND ROLE OF THE ANAESTHESIOLOGIST 

Daniela Filipescu 
Professor of Anaesthesia and intensive care medicine Carlo Davila University of Medicine and Pharmacy. Emergency 
Institute for Cardiovascular Diseases (Bucharest, Romania).

In cardiac surgery, major bleeding, re-
exploration, and transfusion rates are high1,2.  

The most recent guidelines refer to patient 
blood management (PBM) that involve pre-
operative, intra-operative and 
postoperative measures to identify 
patient risk of bleeding, minimize blood 
loss and maintain haemostasis3,4.  

 
In the European Union the implementation 
of PBM programmes is supported by the 
European Commission. These guidelines 
were issued in 2017 by the European Society of 
Anaesthesiology (ESA). PBM guidelines 
specifically dedicated to cardiac surgery were 
jointly published in 2018 by the European AIDS 
Clinical Society (EACS) and the European 
Association of Cardiothoracic Anaesthesiology 
(EATA). On the other hand, although PBM 
practises are common, national guidelines 
are scarce. Furthermore, Italy is the only 
country with formalized guidelines, structured 
on the classic PBM architecture. In the United 
Kingdom there is a set of guidelines related to 
different aspects of PBM. On the contrary, 
other countries (like The Netherlands) own old 

recommendations, which are integrated with 
transfusion ones. Finally, Germany have 
published partial recommendations, while 
others such as France are currently developing 
national guidelines. 

The best strategy to decrease anaemia levels is 
to combine the treatment with iron and 
erythropoietin-stimulating agents3-5. In the 
intra-operative period it is important to 
discuss the optimal strategy which includes 
heparin for the cardiopulmonary bypass to 
prevent intra-operative anticoagulation, 
heparin level-guided protamine to reverse 
anticoagulation dosing may be considered to 
reduce bleeding and transfusions3-5.  

Tranexamic acid decreases repeat operation 
for bleeding blood loss and the need for 
allogenic blood products without increasing 
prothrombotic complications but there is a 
risk of seizures6. It is recommended replacing 
fibrinogen in patients with microvascular 
bleeding and low plasma fibrinogen levels7. 
Prothrombin complex concentrate is 
recommended as first-line therapy for 
refractory coagulopathy in cardiac surgery4. 

 
HIGHLIGHTS 

 Anaesthetists make a difference by implementing patient blood management 
programmes. 

 The most recent guidelines refer to PBM that involve pre-operative, intra-operative and 
postoperative measures to identify patient risk of bleeding, minimize blood loss and 
maintain haemostasis.  

 In Europe there are noticeable differences among countries regarding these practical 
guidelines. 
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PERI-OPERATIVE GOAL-DIRECTED 
HAEMODYNAMIC THERAPY-CURRENT 
CONCEPTS AND FUTURE DIRECTIONS 

PERI- OPERATIVE GOAL-DIRECTED HAEMODYNAMIC THERAPY: NEW 
EVIDENCE 

Rupert Pearse 
Professor of Intensive Care Medicine, Barts and the London School of Medicine and Dentistry (London, UK).

There is controversy regarding many 
aspects of goal-directed therapies. In the 
RELIEF trial8,9,  the fluid dose was administered 
according to body mass, and when comparing 
restrictive versus liberal fluid therapy there are 
no differences in terms of death or disability 
one year after surgery.  

However, there are statistically significant 
differences regarding surgical infection, 
acute kidney injury or renal-replacement 
therapy. In the OPTIMISE trial10 the relative risk 
regarding the complications or death within 
30 days and infection rates were not 
statistically significant between 

haemodynamic intervention and usual care, 
maybe due to the underpowered sample size.  

The Goal-directed haemodynamic 
therapy does not cause myocardial 
injury11. Furthermore, stroke volume and 
pulse pressure variation were poor 
predictors of fluid responsiveness. 

The author’s unpublished results points out 
that the effect on short-term mortality remains 
unclear and the benefits for reduced length of 
hospital stay are significant. The reduction in 
complications do not attain statistical 
significance. 

 
HIGHLIGHTS 

 The clinical effectiveness of goal-directed therapy is plausible but unproven. 
 Large trials will confirm the hypothesis over the next 24 months. 
 During maintenance management should be restrictive. 

  

Channel 2 
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PERI-OPERATIVE GOAL-DIRECTED HAEMODYNAMIC THERAPY: 
SHOULD WE INDIVIDUALISE TARGET VALUES FOR EACH PATIENT? 

Bernd Saugel 
Centre for Professor of Anaesthesiology and Intensive Care Medicine University Medical Centre Hamburg-Eppendorf 
(Hamburg, Germany). Outcomes Research Consortium (Cleveland, USA). 

Anaesthesiologists try to control perfusion 
pressure and oxygen delivery12.  

There are registry analyses that show the 
association between low blood pressure 
during surgery and postoperative organ 
injury.  

The intra-operative population harm 
threshold for organ injury is 60-70 mmHg for 
mean arterial pressure and some authors 
suggest it should be kept above 65 mmHg13. 
In a prospective study with patients having 
elective non-cardiac surgery, ambulatory and 
intra-operative blood pressure were 
compared14. The lowest night-time value was 
the individual safe threshold compared to 65 
mmHg with considerable differences among 
individuals being observed14. In the literature 
a randomized clinical trial assessed whether an 
individualized blood pressure management 
strategy is able to reduce postoperative organ 
dysfunction. It showed that when patients 
(mainly undergoing abdominal surgery) are 
managed by an individualized systolic blood 
pressure target vs. standard of care, there is 
a reduced risk of postoperative organ 
dysfunction15. The reference value was based 
on a single measurement during the 
preoperative anaesthesiology consultation, 
and it was recorded by a nurse the day before 
the intervention. 

Therefore, it would be key to deviate from 
population-based to individualized 
definitions of hypotension. This would imply 
a new paradigm of personalized 
intraoperative blood pressure targets. 
Indeed, blood flow autoregulation depends 
on the individual “normal” blood pressure.  

As an example, the autoregulation flow shifts 
to the right towards higher perfusion pressure 
in hypertensive patients16. 

Figure 1. Theoretical relationship between cerebral perfusion pressure and 
cerebral blood flow16. 

Regarding cardiac output management, goal-
directed therapy guided by modern 
technology reduces postoperative mortality 
compared to routine care. In a recent trial17, in 
patients at high-risk who underwent major 
abdominal surgery, personalize 
haemodynamic management compared to 
routine practice was able to reduce the major 
postoperative complications and mortality 30 
days after surgery.  

In patients having surgery there is an 
opportunity to base values on personal normal 
values rather than relying solely on “normal” 
ones. 

 
 

Figure 2. Values of haemodynamic variables can be used to guide 
haemodynamic management.

HIGHLIGHTS 

 Haemodynamic variables depend on inter-individual variability and biometric factors. 
 The patient’s personal normal values should be considered.  
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PERI-OPERATIVE GOAL-DIRECTED HAEMODYNAMIC THERAPY: WHAT 
FLUIDS SHOULD WE USE? 

Alexandre Joosten 
Department of Anaesthesiology Bicetre & Paul Brousse Hospital (Brussels, Belgium). 

There is no ideal resuscitation fluid valid for 
all clinical conditions which can fit all these 
different situations: cirrhosis with hepato-renal 
syndrome, haemorrhagic shock, renal 
insufficiency, dehydration/diarrhoea, 
perioperative setting, diabetic keto-acidosis, 
head injury, trauma and sepsis with 
hypoalbuminemia. When comparing 
crystalloids and colloids, it is important to 
consider that higher fluid volumes are 
necessary to attain the same goals with 
crystalloids18.  
 
Nowadays, there are only five prospective 
randomized trials comparing the efficacy of 
colloids (hydroxyethyl starch, HES) vs 
crystalloids in patients undergoing abdominal 
surgery. Some authors found there was no 
renal impairment produced by colloids 
when cardiac preload was optimized19. 
Furthermore, the balanced HES solution was 
related to better haemodynamic stability 
when optimizing stroke volume. In another 
study, HES showed no benefit over 

crystalloids, and lower volumes were 
required20.  
 
The literature also revealed that doppler-
guided intra-operative HES was unable to 
reduce serious complications21. In patients at 
risk of postoperative kidney injury, HES 
compared with 0.9% saline was not different 
in terms of a composite outcome of death or 
major postoperative complications after 14 
days22. In the last study, a closed-loop system 
was implemented to remove intervention 
accesses23. The colloid group revealed lower 
rates of post-operative morbidity survey 
score on the morning of postoperative day 2 
and incidence for postoperative 
complications. The difference was 
statistically significant for both.  
 
In the speaker’s opinion balanced crystalloids 
alone should be administered for short 
duration/low-risk surgical patients, while more 
complex procedures are best managed with a 
combination of crystalloids and colloids.  

 
HIGHLIGHTS 

 The positive fluid balance with exclusive crystalloid administration provides poor outcomes.  
 Balanced crystalloids are advisable for maintenance fluid replacement and colloids for 

volume replacement, blood losses and restoration of cardiac preload.  
 Closed-loop system may boost compliance with protocols and improve the accuracy of 

implementation. 
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HOT TOPICS IN GENERAL 
ANAESTHESIOLOGY – 
LAST 12 MONTHS’ TOP PUBLICATIONS  

     
Anthony Absalom 
Department of Anaesthetics, University Medical Centre Groningen (Netherlands). 

The aim of the presentation is to review the 
top publications of the last 12 months to 
highlight which topics have been published 
the most. 

In the first search in Web of knowledge, from 
the top 20 of the most cited anaesthesia-
related articles, 16 were selected and of these, 
80% were about COVID-19. These articles 
included guidelines, several reviews and some 
retrospective cohort studies. The top five 
publications for medical and health sciences 
are related to SARS-CoV-2.  

The problem of diversity in anaesthesia is an 
important topic in every country. The 
Scandinavian Society of Anaesthesiology and 
Intensive Care Medicine (SSAI) published its 
diversity policy24. In terms of equality, inclusion 
and anti-racism, the European Society of 
Intensive Care Medicine (ESICM) published its 
statement paper25. 

In Professor Hoeft’s hot topics review, 
impoliteness in the operating room is 

highlighted. In the latest updates of medical 
practice, there is a special section that 
encourages collaboration between colleagues 
to be respected. Therefore, organisations such 
as Australian and New Zealand College of 
Anaesthetists (ANZCA) are publishing their 
policies on bullying, discrimination and 
harassment26. 

Peri-operative management is another topic 
that has been published, as continuous vital 
sign monitoring will detect more disturbances 
on surgical wards. In fact, one of the 11 
recommendations of the Guidelines from the 
Association of Anaesthetists is hourly capillary 
blood glucose measurements27. The incidence 
of delirium or other postoperative adverse 
effects depending on anaesthetic depth has 
also been evaluated. 

The last topics highlighted are rapid sequence 
induction or the comparison of spinal or local 
anaesthesia and general anaesthesia, in 
which no differences in any outcome were 
observedi. 

 
HIGHLIGHTS 

 Among the most important topics covered in last year’s publications, COVID-19 stands out. 
 This is followed by publications on diversity, equality and inclusivity, well-being, stress or 

inappropriate behaviour in the workplace 
 Finally, publications on peri-operative management and anaesthetic care predominate. 

These tackle guidelines, monitoring and regional or local vs general anaesthesia. 
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DRUG SELECTION AND ANAESTHETIC 
OUTCOME 

DRUG SELECTION AND OUTCOME AFTER CARDIAC SURGERY 

Giovanni Landoni 
Centre for Intensive Care and Anaesthesiology, San Raffaele Hospital (Milano, Italy).

Postoperative strict glycaemic control might 
reduce mortality in patients undergoing 
cardiac surgery. Hypoglycaemic episodes 
might result in increased mortality29. 
Levosimendan is associated with a significant 
reduction in postoperative mortality30, while 
tranexamic acid reduces blood transfusion 
and mortality in cardiac surgery31. Early use of 
aspirin after coronary bypass surgery is 
associated with a reduced risk of death and 
ischaemic complications32. 

However, the use of aprotinin is 
contraindicated in low and intermediate risk 
patients undergoing this surgery33. 
Furthermore, the recommendation is to avoid 
starting statins acutely in the pre- or post-

operative period, because they can be 
detrimental especially on the kidney, but also 
on survival34.  

In regard to non-pharmacological methods, 
there is a reduction in mortality with some 
therapies such as vacuum-assisted closure35, 
thrombelastometry-guided blood-
component36, electroencephalography-
guided anaesthetic administration37 or pre-
operative intra-aortic balloon pump38. Another 
method is to transfuse blood on peri-operative 
complications in patients undergoing cardiac 
surgery. The most important technique is 
non-invasive ventilation, which reduces 
mortality after cardiac surgery, especially in 
patients with acute respiratory failure. 

 
HIGHLIGHTS 

 There are many drugs, techniques or strategies that might reduce postoperative mortality. 
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RECENT ADVANCES IN ACUTE     
BRAIN INJURY 

GUIDELINES ISCHAEMIC STROKE: IS IT TIME FOR A MORE AGGRESSIVE 
APPROACH? 

Pierre Bouzat 
Anaesthetics, and critical care medicine, INSERM U1216, Grenoble Institute of Neurosciences, Grenoble Alpes University, 
Grenoble University Hospital (France).  

Stroke is a health care challenge with 
increased incidence over the years39. Several 
methodologies have been proposed to treat 
more 11andomized11a. Some of these 
strategies are to extend the time window, 
change of triage, change the strategy during 
reperfusion and after reperfusion. The time 

window should be changed to tissue window, 
in this way symptoms and hypopersution or 
between ischaemic core and hyperfusion 
would not be mismatched. As an example of 
this, thrombolysis guided by perfusion 
imaging can be done up to 9 hours after onset 
stroke with better outcomes40.  

 

Figure 3. Outcomes of tissue window thrombolysis40. 

The triage strategy should be adapted to 
where the patient is and how efficient the 
neurospital is to perform the tramboctomy41. 
In order to have a more aggressive approach 

changes in the cath lab and improvement in 
neurological outcome (e.g. high blood 
pressure situations42) should be considered. 

 
HIGHLIGHTS 

 Reperfusion after six hours can be extended depending on the mismatch between 
symptoms and hypoperfusion and between ischaemic core and hyperfusion. 

 Every hospital should have a team dedicated to management during perfusion. 
 After reperfusion, individualized therapy should be necessary but there are still limitations 

regarding where and how to perform it.  

Channel 6 
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INITIAL MANAGEMENT OF TRAUMATIC BRAIN INJURY 

Fiona Lecky 
School of Heath and Related research, The University of Sheffield (United Kingdom).

More than 60% of all hospital trauma deaths 
occur in the context of Traumatic Brain 
Injury (TBI), where related deaths result from 
secondary brain lesions, and therefore time is 
crucial to reduce brain injury deaths43. The 
goal of initial management of patients with 
TBI is to prevent secondary brain injury. 
Factors influencing patients out of TBI are age, 
Glasgow Coma Scale (GCS) motor, computed 
tomography (CT) finding, pupils, hypoxia, 
hypertension, and blood parameters44,45. 

Primary TBI needs to be assumed in all cases 
with impaired GCS or amnesia until CT is 
negative. Another import aspect is the focus 
on prevention of secondary brain injury by 
preventing and treating hypotension and 
hypoxia. This can be performed by using a C-
ABC approach (catastrophic haemorrhage 
first), drug-assisted intubation within 45 
minutes of 999 emergency call, early 
tranexamic acid and early analysis of patient 
blood gas.  

 
HIGHLIGHTS 

 It is assumed that any injured patient with GCS<15 or amnesia associated with an injury 
event has primary TBI until proven otherwise. 

 C-ABS approach and early imaging should be considered for all cases of TBI. 
 Pre-existing medical conditions should be considered. 
 Multidisciplinary approach should be taken into account for low energy cohort (complex 

mild TBI).  
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SURGICAL ANAESTHESIA AND 
PERIOPERATIVE NEUROCOGNITIVE 
DISORDERS (PND) IN THE ELDERLY 

LOCOREGIONAL ANAESTHESIA WITH OR WITHOUT SEDATION AND PND 

Ana Kowark 
Department of Anaesthesiology, University Hospital Aachen (Germany).  

Peri-operative Neurocognitive Disorder 
(PND) are common complications of 
anaesthesia and surgery in older patients 
and include cognitive impairment in pre-
operative and postoperative periods. 
However, most studies use the older 
nomenclature with postoperative delirium 
(POD) or postoperative cognitive dysfunction 
(POCD). SAGES46 performed an observational 
analysis including older patients undergoing 
major elective surgery, where 24% had POD. 
There was also a statistically significant 
association of POD and POCD in the first 
month. A recent meta-analysis also identified 
an association of delirium with long-term 
cognitive decline47. Thus, to prevent POD, the 
European Society of Anaesthesiology (ESA)48 
consensus-based guideline recommended 
performing fast-track surgery and the 
evaluation and adequate treatment of pain. 
However, there is no general recommendation 
to use solely regional anaesthesia (RA) over 
general anaesthesia (GA). The evidence shows 
the13andomits related to less PND when 

using RA or neuraxial anaesthesia in older 
adults undergoing surgery49, although 
others conclude that there is insufficient 
evidence for the influence of additional 
procedural sedation.  

There are several studies that analyse deeper 
or lighter sedation. It was revealed that POD 
incidence and days in hospital for POD was 
lower in the light sedation group without 
differences in one-year inter-group mortality. 
STRIDE50 randomized clinical trial did not 
reveal differences regarding POD incidence up 
to postoperative day five, but those patients 
with heavier sedation had a higher risk of 
delirium. For intra-operative sedation, 
dexmedetomidine compared to 
benzodiazepine showed fewer complications. 
In a retrospective study51 analysing 
dexmedetomidine vs. propofol sedation, the 
first group of patients had significantly less 
POD without differences regarding the need 
for postoperative analgesics/anti-emetics.  

 
HIGHLIGHTS 

 It is necessary to prevent, diagnose and treat POD. 
 The use of locoregional anaesthesia should be considered considering its beneficial effects 

and safety. Indirectly, this also leads to less PND.  
 If sedation were used, the depth of sedation should be monitored and lighter sedation was 

favourable.   
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CAROTID ENDARTERECTOMY AND PND 

Paola Aceto 
General Surgery and Transplantation Anaesthesiological Unit. Department of Emergency, Intensive Care and 
Anaesthesiology Sciences. “A. Genelli” University Hospital Foundation IRCCS (Rome, Italy). 

Neurological complications occurring after 
carotid endarterectomy (CEA) are not 
necessarily associated with postoperative 
cognitive dysfunction (PCD). Currently, the 
only strategy appears to be prevention. In this 
context, a systematic review and meta-analysis 
was performed, whose primary outcome was 
to evaluate the incidence of PCD after CEA52. 
The estimated incidence for dNCR and pNCD 
was approximately 20% and 14%, 
respectively. When comparing patients with 
or without PCD after CEA, only statin use 
and hyperperfusion have a significant result 
(Table 1). PCD risk increased when 
hyperperfusion was performed (OR: 38.68; 

p<0.00001). Post-CEA hyperperfusion, even 
when asymptomatic, may cause postoperative 
cortical neural damage that results in PCD. The 
analysis also revealed that statin use reduces 
PCD risk (OR: 0.56, P<0.0004), probably due to 
its therapeutic role reducing cholesterol levels. 
The sensitivity analysis on cross clamping 
duration revealed that long duration was a 
risk factor for dNCR. However, it was not 
possible to examine the effect of 
anaesthesia and any other intra-operative 
factors on PCD incidence, due to the lack of 
outcome data. Moreover, the heterogeneity in 
PCD definition and postoperative evaluation 
time of cognitive functions was a limitation.  

Risk factors Nº of patients (pCD/no pCD) n included studies MD [95% CI] I2 (%) Z P 
Age (years) 130/762 10 0.92 [-0,38, 2.23] 20 1.38 0.17 
Cross-clamping duration (min) 130/762 10 1.73 [-0,31, 3.76] 45 1.66 0.10 
Risk factors Nº of patients (yes/no) n included studies OR [95% CI] I2 (%) Z P 
Sex (male) 1397/491 12 1.03 [0.94, 1.14] 0 0.70 0.48 
Diabetes 493/1395 12 1.25 [0.90, 1.74] 15 1.32 0.19 
Hypertension 1266/622 12 0.98 [0.76, 1.26] 0 0.16 0.87 
Contralateral stenosis 92/160 3 1.79 [0.71, 4.50] 0 1.24 0.21 
Dyslipidaemia 374/392 8 1.05 [0.67, 1.64] 0 0.19 0.85 
Pre-operative symptoms 596/600 8 1.36 [0.98, 1.88] 0 1.83 0.07 
Stain use 741/538 3 0.56 [0.41, 0.77] 19 3.56 0.0004 
Hyperperfusion 52/365 5 35.68 [16.64, 76.51] 0 9.18 0.00001 
Selective shunting use 9/211 2 3.53 [0.87, 14.24] 0 1.77 0.08 

Table 1: Results of meta-analysis on patient-related and procedure-related risk factors52.

 
HIGHLIGHTS 

 The incidence of dNCR and pNCD after CEA was relevant (20.5% and 14.1%, respectively). 
 Hyperperfusion is a strong risk factor for both dNCR and pNCD. 
 Statin use can be a protective factor for dNCR. 
 An increased cross-clamping duration could be a risk factor for dNCR. 
 For future research the following should be considered: using a common nomenclature 

and appropriate screening tests, extending PCD evaluation time beyond one month to 
better explore pNCD, implementing intra-operative data on cerebral blood flow and 
clarifying the potential role of propofol in preventing hyperperfusion.  
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PERI-OPERATIVE ANALGESIA DO FEWER 
OPIOIDS RESULT IN LESS PAIN?  

DO WE NEED TO REDUCE INTRA-OPERATIVE OPIOIDS? 

Patricia Lavand’homme 
Department of Anaesthesiology and Acute Postoperative Pain Unit, Cliniques Universitaires Saint-Luc (Brussels, Belgium).

Due to the side effects, anaesthesia has 
evolved from opioid-based to opioid low 
(or even free) anaesthesia.  

 

It has been reported that opioids have a 
favourable effect when administered post-
surgery, in contrast to a counterproductive 
effect when administered before surgery 
ends since it leads to unfavourable 
outcomes53. In addition, there is no evidence 
that preventive opioids lead to a reduction 
of pain and postoperative morphine use.  

Many studies state that intra-operative 
anaesthesia is associated with higher 
postoperative pain scores despite the use of 
higher doses of opioids54,55 and a higher risk for 
outpatient surgery56, mostly due to 
infections57,58.  

Finally, removing peri-operative opioids does 
not affect pain scores59,60, since it seems that 
opioid doses attenuate but do not obliterate 
spinal and cortical responses61. 

 
HIGHLIGHTS 

 It is recommended keeping intra-operative opioid doses as low as possible. 
 Exogenous potent opioids induce postoperative side effects (dizziness, nausea, vomiting, 

hypotension, etc), higher risk of postoperative infection (even for low doses) and further 
pain (acute tolerance and hyperalgesia).  

 Opioids also interfere with the endogenous opioid system impairing non analgesic 
functions (stress, mood, reward, less sensation of pain relief by the different postoperative 
drugs or techniques). 
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ARE OPIOIDS CREATING MORE PERI-OPERATIVE PAIN? 

Valeria Martínez  
Department of Anaesthesia, Hôpital Raymond-Poincaré – Hôpitaux Universitaires Paris Ile-de-France Ouest (Paris, France). 

Hyperalgesia is dose dependent and 
prolonged exposure to opioids translates 
into prolonged symptoms. A systematic 
review has established that hyperalgesia 
causes a clinically non-significant minimal 
increase in pain, a higher morphine 
consumption and a higher incidence of side 
effects. However, higher morphine intake was 
not observed in patients that received 
propofol62. 

 A novel approach is the use of nociceptive 
monitoring to reduce intra-operative opioid 

administration. Studies have revealed that 
there is a reduction in both postoperative 
pain and fentanyl consumption63.  

Finally, patients with hyperalgesia prescribed 
with pre-operative opioids suffer from more 
postoperative pain than patients that do not 
receive them, even if the clinical course of pain 
reduction is similar in both groups64. Indeed, 
pre-operative low-dose opioid prescription 
leads to higher pain scores and morphine 
uptake in the recovery room65. 

 
HIGHLIGHTS 

 Recently four metanalysis showed no decrease in pain 24 hours after opioid-based 
anaesthesia, highlighting the relationship between intraoperative opioid anaesthesia and 
postoperative pain. 

 The previous results had been validated by 2021 study, which assessed the balanced opioid-
free anaesthesia with dexmedotomidine vs. balanced anaesthesia.  

 Peri-operative opioids do not create pain if low doses of remifentanil are used or analgesia 
is monitored to adapt opioid administration. 

 Chronic use of opioids before surgery increases both pain and opioid consumption. 
 The right prescription is the one that considers what, when and for as long opioids are 

needed. 
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OPIOID-FREE ANAESTHESIA: WHAT BENEFIT FOR THE PATIENT? 

Dr. Hélène Beloeil 
Department of Anaesthesiology, Intensive Care and Pain Treatment, University of Rennes (Rennes, France). 

There are different methods to avoid opioids 
during general anaesthesia, such as using 
regional and local anaesthesia, using NDMA 
antagonists (ketamine, etc.) and achieving 
heterodynamic stability by means of MgSO4, 
beta blockers, alpha 2 agonists, etc.  

Recent studies have revealed that opioid-free 
anaesthesia (OFA) leads to better quality of 
recovery (Qo40%) scores, less pain and less use 
of postoperative opioids. These outcomes 
cause less postoperative oxygen desaturation, 
nausea and vomiting66. In addition, patients 
undergoing opioid anaesthesia (OA) need 
postoperative opioids compared to OFA. 

A recent randomized study has revealed 
that OFA leads to higher non-significant 
postoperative hypoxaemia, a similar 
number of pain episodes, and reduced 
nociception, nausea and vomiting 
compared to OA67.   

There was also a delayed extubation and 
sedation. Further bradycardia episodes were 
also observed in the OFA group, probably due 
to the use of dexmedetomidine. The figure 
summarizes all the questions that specialists 
might have today in regard to OFA68. 

 

 

Figure 4. Intra- and postoperative care considerations and limitations in the context of opioid-sparing versus opioid-free strategies68. 

HIGHLIGHTS 

 Morphine sparing leads to a reduced incidence of postoperative nausea and vomiting. 
However, it is at the expense of bradycardia, extubation and sedation delay. 

 There are many unanswered questions, such as which patients might benefit from OFA, 
how to monitor pain and depth of anaesthesia to be used or whether there is a benefit of 
OFA compared to opioid-reduced anaesthesia. 

 OFA leads to higher non-significant postoperative hypoxaemia, a similar number of pain 
episodes, and reduced nociception, nausea and vomiting compared to OA. 
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PERI-OPERATIVE ORGAN 
DYSFUNCTION   

ACUTE KIDNEY INJURY 

Melanie Meersch-Dini 
Department of Anaesthesiology, Intensive Care and Pain Medicine, University Hospital Münster (Germany). 

Acute kidney injury can affect most body 
systems, which increases mortality rates and 
the risk of developing chronic disease. 
Traditional parameters can identify this 
injury and decreased glomerular filtration 
rate but at this stage preventive strategies 
are futile. 

New biomarkers are being used and the most 
promising is the combination of tissue 
inhibitor metalloproteinases 2 (TIMP-2) and 
Insulin-like growth factor-binding protein 7 
(IGFBP7), which shows kidney stress and a 

high risk of developing acute kidney 
injury69,70,71.  

An individualized strategy is proposed as a 
preventive strategy using these new renal 
biomarkers in combination with a bundle of 
supportive measures recommended by the 
KDIGO guidelines72. It reduces moderate and 
severe injury. The KDIGO guidelines 
recommend an individual blood pressure 
target73 to avoid excessive hypo- as well as 
hypervolemia9,74 and to maintain glucose levels 
between 110-149 mg/dL75. 

 

 

Figure 5. Preventive strategies KDIGO bundle

HIGHLIGHTS 

 Acute kidney injury needs to be highlighted more in the daily clinical routine. 
 The implementation of bundled interventions guided by urinary biomarker (individualized 

approach) reduces the occurrence of acute kidney injury in the postoperative period. 
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RESPIRATORY FAILURE  

Paolo Pelosi 
Department of Surgical Sciences and Integrated Diagnostics (DISC), San Martino Policlinico Hospital, IRCCS for Oncology 
and Neurosciences University of Genoa (Italy). 

Postoperative pulmonary complications 
(PPCs) are common during anaesthesia and 
after surgery and their incidence depends on 
the type of operation76,77. It is known that 
anaesthesia and paralysis can have pre- and 
postoperative effects on lung 
morphology78,79, which increases morbidity 
and mortality. Timing is very important since 
PPCs develop at day two or three 
postoperatively80 and intra-operative adverse 
events and PPCs occurred more often during 
night surgeries81. Strategies to prevent PPCs 
must be applied as a whole. The most 

important are to recommend both pre- and 
postoperative physical therapy, to evaluate 
physical status and risk factors by predictive 
scores (ARISCAT, LAS VEGAS, oxygen 
saturation, etc.), create an anaesthetic, 
ventilatory and surgical plan based on goal-
directed therapy rather than fluids 
strategies82 and to choose individualized 
anaesthesia. After surgery, it is recommended 
using nasogastric tube to minimize respiratory 
depression and to try early detection of 
complications83.  

 
HIGHLIGHTS 

 The risk evaluation for developing postoperative pulmonary complications may be an initial 
step towards improved outcomes. 

 Oxygen saturation is one of the best and cheapest methods to predict PPCs after surgery. 
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PERI-OPERATIVE BLOOD PRESSURE 
MANAGEMENT 

INTRAOPERATIVE HYPOTENSION: IMPACT ON PATIENT OUTCOME  

Daniel I. Sessler 
Outcomes Research Cleveland Clinic (USA). 

Myocardial injury after non-cardiac surgery is 
responsible for 30-day postoperative mortality. 
It is highly dependent on troponin, which 
demands close monitoring. There is no safe 
prophylaxis for myocardial infarction as shown 
by POISE-1/2 and ENIGMA-284,85. Furthermore, 
hypotension is related to myocardial 
injury/infarction, kidney injury and death86,87, 
and one third occurs between anaesthetic 

induction and surgical incision88. Evidence 
shows that managing systolic blood pressure 
provides lower rates of postoperative organ 
disfunction15. Finally, while intra-operatively 
hypertension or tachycardia are not so 
significant, postoperative hypotension is even 
more relevant than intra-operative 
hypotension89. 

 
HIGHLIGHTS 

 Peri-operative myocardial injury is deadly and mostly silent, without known prophylaxis. 
 Troponin should be closely monitored in patients who are under 45 years at risk and older 

than 65 years old. While the patient is hospitalized, it should also be monitored 
preoperatively and during the first two postoperative days. 

 Intra-operative arterial pressure should be > 65 mmHg and postoperative hypotension 
must be avoided.  
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INTRA-OPERATIVE BLOOD PRESSURE MANAGEMENT: WHAT IS THE 
OPTIMAL BLOOD PRESSURE? 

Bernd Saugel 
Centre for Anaesthetics and Intensive Care Medicine University Medical Centre Hamburg (Germany), Outcomes Research 
Cleveland Clinic (USA). 

There is evidence from registry analysis that 
the intra-operative population threshold for 
organ injury is 60-70 mmHg for mean 
arterial pressure (MAP). In this regard, a 
multicenter retrospective study in more than 
360,000 noncardiac surgical procedures 
showed that intraoperative hypotension was 
associated to an increased risk of major 
adverse cardiac or cerebrovascular events90. 
This was true for the absolute maximum 
decrease (below 75 mmHg, 65 mmHg and 55 
mmHg), time-weighted average MAP, area 
under threshold and absolute cumulative 
time. Additionally, another study (performed in 
more than 23,000 non-cardiac surgery 
patients) showed that the risk for 
postoperative acute myocardial or kidney 
injury increased when the lowest MAP for a 
cumulative 5 minutes during surgery was 
lower than 65 or 60 mmHg91.  

Cardiovascular and renal complications are 
more strongly associated with baseline risk 
than with hypotension, but this is potentially 
modifiable. The findings do not support 
universally targeting higher intra-operative 
blood pressures to reduce postoperative 
complications92. This is supported by a single-
center randomized controlled trial in which 
458 patients underwent major cardiac surgery 
to an intraoperative MAP over 60 (control) or 75 
mmHg. The aim was to evaluate whether 
targeting higher intraoperative MAP would 
lower the incidence of postoperative major 

adverse cardiovascular events. As a result, 
there was a 60% reduction in hypotensive time 
with mean arterial pressure lower than 65 
mmHg, but there was not a significant 
reduction in acute myocardial injury or 30-day 
outcomes. Therefore, it would be key to 
deviate from population-based to 
individualized definitions of hypotension. 
This would imply a new paradigm of 
personalized intraoperative blood pressure 
targets. Indeed, blood flow autoregulation 
depends on the individual “normal” blood 
pressure. As an example, the autoregulation 
flow shifts to the right towards higher 
perfusion pressure in hypertensive patients (ee 
above figure 1: Theoretical relationship 
between cerebral perfusion pressure and 
cerebral blood flow16). 

In addition, the population harm threshold 
(65 mmHg) is not the individual safe 
threshold, there are also differences 
between physiological sleep and general 
anaesthesia14. In the literature a randomized 
clinical trial assessed whether an 
individualized blood pressure management 
strategy is able to reduce postoperative organ 
dysfunction. It showed that when patients 
(mainly undergoing abdominal surgery) are 
managed by an individualized systolic blood 
pressure target vs. standard of care, there is 
a reduced risk of postoperative organ 
dysfunction15.  
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Figure 6. Comparation of blood pressure managed with individualized or standard of care treatment15. 

There are still some open research questions, 
like whether targeted blood pressure 
management improves outcomes, what is 
the optimal blood pressure target for the 

individual patient, how different therapeutic 
interventions should be used to treat 
hypotension, and their impact on 
autoregulation and microcirculation.  

 

HIGHLIGHTS 

 Intra-operative hypotension is common and associated with organ injury. 
 Intra-operative population harm threshold (60-70 mmHg) for mean arterial pressure is not 

the individual safe threshold. 
 Individualized blood pressure management has a causal relation between hypotension 

and outcome. 
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POSTOPERATIVE HYPOTENSION AND WARD MONITORING 

Fréderic Michard Mi Co 
Founder and managing director of MiCo (Denens, Switzerland). 

There is an association between 
postoperative hypotension and myocardial 
injury93. It is probably because patients are 
hypotensive after operation that those who 
are hypotensive during surgery develop 
complications93. Furthermore, in the VISION 
and POISE-2 studies, the association with 
intra-operative hypotension was no longer 
statistically significant after adjusting for 
postoperative hypotension93. 

There must be a focus on ward monitoring, 
since up to 79% of episodes were missed by 
intermittent spot-checks94. Blood pressure 
on wards can be monitored by pulse wave 
transit time methods95, pulse decomposition 
method96 or machine learning methods & 
pulse oximetry97. Future approaches include 
miniaturized applanation tonometry98, 
minituarized volume clamp99 and ultrasonic 
patch, among others100. 

 

Figure 7. Illustration of miniaturized applanation tonometry98.

 
HIGHLIGHTS 

 It is probably because patients are hypotensive after surgery that they are so during it and 
develop complications. 

 Post-operative hypotension may be overlooked for hours and is often prolonged. 
 The association between hypotension and injury is much stronger after than during 

surgery. 
 Many wireless continuous blood pressure monitoring systems are under development – 

only very few are already CE-marked or FDA-approved. 
 The next 5-10 years are going to be very interesting from a postoperative monitoring 

standpoint. 
 

  



 

Date of item: Mar 2022  24 

CARDIOVASCULAR DRUGS AND 
ANAESTHESIA OUTCOMES: DOES IT    
MATTER?  

BETA BLOCKERS AND ANAESTHETIC OUTCOME 

Dan Longrois 
Department of Anaesthesia and Intensive Care; Hôpital Bichat-Claude Bernard (Paris, France).  

This session presents the controversy over the 
impact of beta-blockers (BB) on peri-operative 
outcomes and develops a clinical reasoning 
pathway for clinicians to understand the 
current literature, adapt their clinical 
management and provide personalized 
decisions. 

The European Society of Anaesthetics 
guidelines recommend using BB in patients 
currently receiving this medication and to re-
introduce them (as soon as possible) in the 
post-operative period (in the absence of 
contra-indications)101. Despite these 
recommendations, the use of BB was 
associated with an increased risk of intra-
operative arterial hypotension and this was 
related to an increased risk of death/stroke. 

A relationship also exists between age, heart 
rate (HR) and mortality in healthy men. In 
relation to the effects of treatment, HR 

reduction is associated with the change in 
time to myocardial ischaemia and mortality 
reduction. Therefore, in physiological and 
pathological situations, the lower the HR the 
better.  

Chronotropic incompetence is the inability of 
the HR to increase in response to a 
cardiovascular performance requirement102. 
Patients on chronic BB therapy with an 
exercise HR < 80-100 bpm probably have 
chronotropic incompetence. In that case, it is 
necessary to avoid situations that would 
trigger a chronotropic response. 

Finally, the European Association for Cardio-
Thoracic Surgery guidelines recommend the 
post-operative re-introduction of BB as fast as 
possible in the absence of medication103. This 
means avoiding BB withdrawal syndrome and 
poor outcomes.  

 
HIGHLIGHTS 

 It is important to consider chronotropic incompetence and that the HR value is the most 
important mechanism of action of BB. 

 It is advisable to carefully consider BB prescription on the morning of surgery if the patient 
is really beta-blocked (HR< 60 bpm).  

 Intra-operative management should be switched accordingly. 
 Post-operative re-introduction needs to be personalized. 
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PAIN MANAGEMENT IN THE ELDERLY: 
HOW, WHEN AND WHY? 

Peter Lee 
University College Cork (Switzerland).  

With the population aging, there is a need 
to manage acute pain in older adults. It is 
known that 50%-75% of elderly patients 
report inadequate postoperative pain 
relief104.   

The AAGBI safety guideline report that pain in 
the elderly is poorly evaluated and treated105. 
The reasons for this could be to two main 
barrier factors: patient factors (e.g. 
underreporting pain, concerns about the 
meaning of pain) and healthcare provider 
factors (failure to believe patient’s pain, failure 
to use some validated pain evaluation tools). 
This inadequate analgesia contributes to 
postoperative morbidity including 
delirium106, cardiorespiratory 
complications107 and failure to mobilize108.  

There is a need for specific methods to 
evaluate pain in the elderly109 and for the 
education of healthcare staff in the use of 
patients’ appropriate pain evaluation tools110. 
There are a number of aspects to consider to 
generate a pain management strategy.  

 

Figure 8. Aspects to consider for a pain management strategy in the elderly. 

Treatment of pain in the elderly is 
challenging and the first step is considering 
the physiological changes in older people 

because this will alter the pharmacokinetics 
of the medicine applied111.  

Moreover, it is necessary to consider the 
polypharmacy in the elderly, 40% of 
geriatric patients take five or more drugs 
per week112 which can affect the use of 
pain relief medicines.  

Frailty affects one in two of the over 85 age 
group, which is associated with pain and 
chronic malnourishment. This aspect can 
alter drug distribution and pharmacokinetic 
parameters113.  

There are some options for medicines to 
relieve pain but most have several adverse 
effects associated. 

Opioids in the elderly can cause 
exaggerated physiological responses.  

These drugs can cause 2-4 fold decrease in 
morphine and fentanyl requirements, and 
dose reductions of 25-50% is used as starting 
point. Additionally, the oral route is preferential 
over the intravenous one since the latter has 
the highest risk of adverse events, namely 
sedation, respiratory depression, cognitive 
impairment and postoperative delirium. 

Therefore, patient-controlled analgesia  
could be an option since it is an effective 
method of pain relief in older people114. Non-
steroidal anti-inflammatory drugs (NSAIDs) 
are implicated in 24% of hospitalizations from 
adverse events in patients over 65115. Therefore 
it is recommended using dose reduction (25%-
50%) and 50% dose increase intervals. There 
are multiple uses and potential benefits of 
regional anesthesia in the elderly that can help 
pain relief. 
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HIGHLIGHTS 

 An analgesic plan should incorporate co-morbidities, polypharmacy and frailty. 
 Patient-controlled analgesia and epidural analgesia are more effective than conventional 

opioid regimens in older people. 
 Use of nsNSAIDs and coxibs in older people requires caution. 
 Opioids in the elderly can cause 2-4 fold decrease in morphine and fentanyl requirements. 

The intravenous route is associated to higher risk of adverse events. 
 Regional anaesthesia in older patients may reduce complications. 
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HAEMODYNAMIC OPTIMIZATION: FROM 
MACRO- TO MICROCIRCULATION 

OPTIMIZATION OF THE MACROCIRCULATION: PHYSIOLOGIC 
RATIONALE AND TARGETS 

Bernd Saugel 
Centre for Anaesthetics and Intensive Care Medicine, University Medical Centre Hamburg-Eppendorf (Germany).  

To optimize haemodynamics during surgery, 
perfusion pressure and oxygen delivery 
need to be optimized12. Regulating blood 
pressure can optimize perfusion pressure.  

Hypotension during and after surgery can 
cause organ damage. To avoid these 
problems, it is recommended maintaining 
mean intra-operative blood pressure 
greater than 65 mmHg and slightly higher 
postoperatively.   

 

 

Figure 9. Haemodynamic variables used as targets for haemodynamic management12. 

To optimize oxygen delivery, it is mainly 
needed to enhance arterial oxygen content 
and cardiac output. Different studies10,116,117 have 
revealed that cardiac output-guided 

haemodynamic therapies can reduce 
postoperative mortality compared to routine 
care. It is also remarkable that postoperative 
harm thresholds remain unclear but are 
slightly higher than intraoperative ones13.

HIGHLIGHTS 

 Mean arterial pressure and cardiac output are mathematically and physiologically coupled 
but during clinical practice there is no meaningful relationship.  

 To avoid organ damage, it is recommendable to maintain mean intra-operative blood 
pressure greater than 65 mmHg and slightly higher postoperatively.   
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OPTIMIZATION OF THE MICROCIRCULATION: READY TO BE USED IN 
THE OPERATING ROOM? 

Jacques Duranteau 
Department of Anaesthetics, Intensive Care and Peri-operative Medicine, Assistance Publique Hôpitaux (France).

The ultimate aim of macrovascular 
optimization is to obtain optimization of the 
microcirculation. Many studies118,119,120 have 
been performed regarding the 
microcirculation in the operating room. The 
main technique was non-invasive and easy-to-
visualize handheld vital microscopes to 
analyze sublingual microcirculation. In all 

cases, although macrocirculation variables 
were optimized, postoperative microcir-
culation alteration was still observed. It was 
noticed that sublingual microcirculation was 
very efficient to predict organ failure and 
mortality, and in some cases, information 
about inflammation and glycocalyx could be 
given.

 
HIGHLIGHTS 

 It is clinically relevant to evaluate sublingual microcirculation to predict organ failure and 
mortality.  
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CEREBRAL OXIMETRY: INDICATIONS AND LIMITATIONS 

Thomas Scheeren 
Department of Anaesthesiology, Groningen Medisch Centrum University (Netherlands).

Brain oximetry has its limitations as short 
measurement depth, signal contamination 
and relative measurements. Applications of 
brain oximetry are mainly in cardiovascular 
surgery, but it is beginning to be increasingly 
used on other types of surgeries. 

There is disagreement among researchers 
about the association between low cerebral 
tissue oxygen saturation (CsO2), adverse 
outcomes121 and increased mortality122. For 
now, it is an inconsistent relationship and 
the benefit of targeting cerebral oximetry 

to minimize complications is unclear. It was 
also suggested that CsO2 targeted therapy 
has a preventive impact in the case of 
postoperative cognitive decline. 

Cerebral oximetry at pre-operative 
baseline may predict mortality and 
delirium, at intra-operative monitoring 
may reduce intra-operative problems 
and postoperative stay and at 
postoperative monitoring.    

 

 
 
HIGHLIGHTS 

 Brain oximetry provides real-time non-invasive data on the suitability of cerebral perfusion. 
 There is not yet sufficient evidence to justify its routine use, further studies are needed. 
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CRISIS MANAGEMENT IN 
NEUROANAESTHESIA 

 AIRWAY MANAGEMENT FOR AWAKE CRANIOTOMY: DEALS AND 
CHALLENGES  

Federico Bilotta 
Departments of Anaesthesiology, Critical Care, and Pain Medicine, Sapienza University of Rome (Rome, Italy). 

The requirements for successful anaesthesia 
delivery for awake craniotomy (AC) are the 
delivery of local anaesthesia for selective scalp 
block, administration of sedation and 
analgesia, management of preoperative 
haemodynamics and an advanced 
competence for air management.  

Sedation with propofol appears to be an 
effective alternative to neuroleptic during AC, 
due to the lower associated risk of intra-
operative seizures123. However, complications 
such as loss of consciousness, bradypnea, 
hypoxia, respiratory complications and SpO2 
desaturation have been reported in several 
patients124,125. Regarding hypoxia, the 
incidence of events involving this condition 
ranges from 24% to 28% of cases with minor 
events being as high as 67%126,127. 

Hypo/hypercapnia and air obstruction are 
common complications in AC, especially 
when systemic sedation is used. Reported 

incidences of hypercarbia are as high as 
18.8%128, with several case series reporting 
increased PaCO2 levels in 7.5% and 20% of 
patients129,130. In the case of obstructions, pre-
treatment with dexamethasone reduces the 
incidence of intra-operative vomiting131. 

Finally, regarding emergency intubation, it 
has been reported that 2.5% of patients 
anaesthetized with propofol + 
remifentanil / fentanyl + midalozam or 
fentanyl at slow increments required 
intubation or reversion to general 
anaesthesia at an advanced stage of the 
tumour reduction procedure132.  

In addition, systematic reviews have reported 
2% rates of patients converting to general 
anaesthesia due to respiratory 
complications133. In case of an airway 
emergency, a survey among anaesthesia 
providers revealed that 100% of participants 
chose use of the laryngeal mask airway134. 

 
HIGHLIGHTS 

 Up to 25% of patients undergoing AC had changes in respiratory rate, hypoxia or 
hypercapnia, or airway obstruction. Systematic sedation increases the risk of these events. 

 Continuous airway monitoring is mandatory. 
 In the case of an emergency airway intervention laryngeal mask airway placement is the 

first-tier approach. However, advanced airway management tools such as flexible fibro 
bronchoscope should be readily available. 

 Advanced airway management skills is a prerequisite for an AC procedure. 
 2.5% of patients anaesthetized with propofol+remifentanil/fentanyl+midalozam or fentanyl 

at slow increments required intubation or reversion to general anaesthesia at an advanced 
stage of the tumour reduction procedure. 

 
 
 

Channel 6 



 

Date of item: Mar 2022  31 

SEIZURES DURING CRANIOTOMY: PROPHYLAXIS AND TREATMENT 

Martin Soehle 
Department of Anaesthesiology and Intensive Care Medicine, University of Bonn, (Bonn, Germany). 

Up to 35%-70% of brain tumour patients 
present epileptic seizures. However, intra-
operative seizures are less common, with 
approximately 2% and 8% to 16% in asleep and 
awake craniotomies, respectively.  

Patients with a history of seizures are 
usually already treated with anti-epileptic 
drugs (AED). In some patients it might be 
helpful switching to levetiracetam, but in all 
of them maintaining anti-epileptic therapy 
throughout the pre-operative period is 
advisable. During surgery, it must be kept in 
mind that most anaesthetics have anti-
epileptogenic properties, but the surgeon 
must be prepared for renewed seizures. 
Avoiding any procedure in which 
hyperventilation is involved is also 
recommended. At first phenytoin was widely 
used. However, nowadays levetiracetam is 
the preferred choice due to less onset of side 
effects, less interaction with other drugs and 
absence of effects on thrombocyte function. 

For patients with no history of seizures and 
newly diagnosed brain tumours, guidelines 
do not recommend the prescription of 
AEDs. In patients undergoing surgery, there 
is insufficient evidence to prescribe these 
drugs135. Most seizures will finish without 
treatment, with the associated risk of injuries 
to the head and brain. However, the 
administration of muscle relaxants will 
prevent those outcomes, but will not 
terminate the seizure. The use of 
anaesthetics at hand, irrigating the cortex 

with cold saline and the use of 
benzodiazepines might help stop the seizure. 
In case of benzodiazepine refractory seizures 
levetiracetam and valproic acid can be used, 
and as a last resort barbiturates 
(phenobarbital or phenytoin). 

Complications associated with seizures 
during awake craniotomy include a 
worsening respiratory condition, 
aspiration, brain injury due to brain 
swelling and head injury caused by 
movement within the Mayfield skull 
clamp136. However, switching to general 
anaesthesia is rarely required. These seizures 
are mostly triggered by electrical cortical 
stimulation and could affect the ability to 
map and monitor the awake patient137. While 
prophylaxis with AEDs does not prevent 
the31andomiznce of seizures, 
discontinuing cortical stimulation and 
irrigating the cortex with cold saline will 
stop most of them. In the case of resistant 
seizures, benzodiazepines, propofol and 
thiopental at low doses, AEDs (levetiracetam) 
and general anaesthesia can be used. Cortical 
mapping during awake craniotomy is 
important since it is needed to localize 
eloquent areas. This is performed by means of 
electrical stimulation and might cause 
seizures. The stimulation intensity must be 
selected as low as possible to elicit a 
response without triggering seizures. In 
addition, electrocorticography should be 
used for early detection of seizures138. 

 
HIGHLIGHTS 

 In asleep craniotomies, prophylaxis with AEDs should only be performed in patients with a 
history of seizures. In case of a seizure during surgery, anaesthetics at hand (propofol, 
thiopental, midazolam), benzodiazepines (clonazepam, lorazepam), AEDs (levetiracetam, 
valproic acid) and barbiturates (phenobarbital, phenytoin) can be administered. 

 In awake craniotomies, prophylaxis cortical mapping with low stimulation intensities and 
cortical electroencephalography for early detection can be performed. Seizures should be 
treated with cortex irrigation and cold saline. 
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VENOUS AIR EMBOLISM IN NEUROSURGERY: LET YOUR PATIENT 
SURVIVE! 

Aline Defresne 
Anaesthesia and Intensive Care Laboratory, GIGA-Consciousness Thematic Unit, GIGA-Research, Liege University, (Liege, 
Belgium). 

The best treatment for venous air 
embolism (VAE) is prevention. This can be 
differentiated into two types: preventing it 
from occurring and preventing further air 
entrainment after its onset. In order to 
prevent the appearance of VAE the specialist 
can banish nitrous oxide; change the 
patient’s position to the so-called modified 
sitting position139; use a higher positive end 
expiratory pressure (PEEP), but no higher 
than 5 mmH20 since higher PEEP values 
might facilitate PAE incidence if a VAE 
occurs; search for pre-operative or post-
induction right-to-left cardiac shunt; and 
normovolaemia. 

However, to prevent continued 
entrainment of air, further air entry must 

first be prevented. For that purpose, the 
surgeon must flood the field, asking her to 
evaluate and eliminate any entry site. In 
addition, the table can be adjusted to reduce 
the negative air pressure gradient and a 
transient jugular compression and/or fluid 
loading can be performed. Apart from 
preventing further entry of air the vascular 
air must be treated, either discontinuing 
N2O, administering 100% O2 (it also 
eliminates nitrogen), placing the patient in 
partial left decubitus and aspirating the right 
atrium if CVC is available, progressing to 
advanced cardiac life support (ACLS) if 
needed; performing close-chest massage, 
assessing coagulation disorders or 
performing hyperbaric oxygen therapy.

 
HIGHLIGHTS 

 Banishing N2O, maintaining normovolaemia, taking into account baseline CV function and 
cardiopulmonary reserve can reduce the risk of morbidity and mortality. 

 The use of modified sitting position combines the advantages of the sitting position and 
reducing VAE risk. 

 Since early detection is crucial for VAE severity, the use of a specific monitoring device is 
mandatory. However, each monitoring method has its advantages and disadvantages.  

 The surgeon and the anaesthetist are a team so there must be good communication 
between them. 
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