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INTRODUCTION AND OUTLINE OF THE THESIS

INTRODUCTION 

The demand for monitored anaesthesia care (MAC) for diagnostic and therapeutic 
procedures outside the operating room (OR) increases continuously. A multitude of 
medical specialists, e.g. gastroenterologists, interventional cardiologists or radiologists, 
gynaecologists, dentists, and even psychiatrists ask for safe, but efficient anaesthesia 
support for more and more complex procedures. Today, also patients are more assertive 
and no longer willing to undergo painful or stressful situations without an adequate form 
of sedation or anaesthesia. 
Therefore, anaesthesia departments have to recognise that it is necessary to move out 
of the OR comfort zone even if this means thinking outside the own box. It is known 
that procedures outside the OR have the potential to be more challenging than those 
performed in the OR: procedure settings and locations outside the OR very often do not 
have the standard of anaesthesia care that anaesthesia caregivers are accustomed to. In 
addition, the form of anaesthesia often varies from conscious to deep sedation or even 
general anaesthesia in patients often having a lot of comorbidities. 
That means criteria that have to be considered for procedures under sedation outside the 
OR include a long list of variables that concern procedure, location, patient, and anaesthesia 
provider himself. 
Hereby it is important to assess invasiveness, complexity and length of the procedure, 
the amount and severity of possible complications, and the level of sedation or analgesia 
needed to perform the procedure. It is also necessary to check anaesthesia requirements on 
location and post procedure recovery facilities carefully. 
As the most important point, anaesthesia providers have to evaluate patient`s characteristics 
and comorbidities precisely as well as in form and content requirements on sedation 
providers themselves. 
Given these requirements, a multidisciplinary cooperation of all key players in a hospital 
institution is necessary to determine the appropriate standards and hospital guidelines 
to provide optimal conditions for the procedure and the patient at affordable conditions. 
These standards should accordingly be evaluated based on their achieved outcomes in 
patient´s safety, the satisfaction of all parties - patient, anaesthesia provider and procedure 
operator - and the finally gained efficiency.
The new field of procedural sedation outside the OR belongs to the core functions of the 
anaesthesiologist, but besides the fact that this would be extremely cost intensive, there 
is a lack of manpower within the anaesthesia departments to meet the steadily increasing 
demand. Therefore, a discussion about the qualifications needed to provide safe and 
efficient sedation and the need for non-anaesthesiologists (non-physicians) taking over this 
task was pre-programmed. 
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The Ministry of Health, Welfare and Sport in the Netherlands adopted 2012 national guidelines 
on an assessment framework for sedation and analgesia outside the OR. Providers offering 
sedation outside the OR have to fulfil clearly defined structural requirements concerning 
sedation focussing on optimal procedural success and patient safety and comfort. One of 
the most important points was the introduction and legalisation of a structured education 
and training program for specialised non-physician sedation practitioners. 
In cooperation with the University Medical Centre of Utrecht (UMCU), the Academic 
Medical Centre of Amsterdam (AMC) started for anaesthesia nurses a theoretical and on-
the–job training program lasting one year. After successfully passing a final examination 
these specialised sedation practitioners work self-dependent under indirect supervision of 
an anaesthesiologist on the different locations outside the OR where they provide sedation 
ranging from mild over moderate to deep sedation levels, but no general anaesthesia. 
It is important to know before reading this thesis that in the AMC the step - not only out 
of the OR - but also out of the circle of anaesthesiologists towards specialised sedation 
practitioners has been made already years ago. Today, both parties provide sedation 
outside the OR, but only anaesthesiologists give general anaesthesia. 
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OUTLINE OF THE THESIS

Part 1

The first part of this thesis focuses on the question which procedures might be suitable for 
sedation outside the OR, or whether these procedures should better be performed using 
alternative techniques as general or local anaesthesia.

In chapters 2 and 3, we focus on the transfemoral implantation of the aortic valve 
(TAVI). This procedure actually was started 2006 using general anaesthesia. Nowadays, an 
increasing number of implantations is performed under sedation or – as in the AMC - using 
only local analgesia.1,2,3,4 
Chapter 2 is a critical editorial discussing the question: does the form of anaesthesia, 
which also means sedation, make the difference during TAVI procedures?5 Looking at the 
available evidence-based literature data, we cannot answer this question at this moment. 
Nevertheless, there are forceful arguments to avoid general anaesthesia and deep sedation 
during these procedures, preferring the fully awake patient only using local wound 
infiltration with local analgesics, but with a cardiac anaesthesiologist as member of the 
team. 
Chapter 3 presents our own TAVI data:6 between April 2010 and May 2013, 178 patients 
underwent transfemoral TAVI under local anaesthesia combined with premedication or 
light sedation. Interventional cardiologists performed all procedures in a multidisciplinary 
team together with an anaesthesiologist in the cardiac catheterisation laboratory.

Chapter 4 attends to the different treatment options and the relevant form of anaesthesia  
- or sedation - for a rare, disabling gastroenterological disease: achalasia.7 Achalasia is 
characterised by a reduced motility of the oesophagus coupled with the inability of the 
lower oesophagus sphincter (LOS) to relax sufficiently. The outcome of this combination 
is stasis of food, liquid, and saliva above the LOS.8 Nowadays, there are different medical, 
endoscopic, and surgical possibilities to treat achalasia. All of these treatment options set 
as objective to reduce the spasm in the muscle layers of the LOS. Although the aim of the 
different therapeutic interventions is the same, all alternatives require a special anaesthesia 
approach. 

Chapter 5 reviews the question: does each diagnostic or therapeutic procedure really need 
sedation?9 What is suitable if a procedure is only painful, but does not require a motionless 
patient? Is it analgesia, sedation, both, or nothing at all? And how to handle the special 
request for sedation demanded by the patient or operator?
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As example for such a procedure we chose endoscopic colonoscopies. Colonoscopies are 
often associated with pain and fear. Dominitz et al.10 could show that 25% of all people 
who never have had a colonoscopy before are willing to surrender median ninety days of 
their resting life to obviate this expected painful and scary procedure even if it is necessary. 
However, there are also patients where it is possible to perform a successful colonoscopy 
without any form of sedation.11,12,13 But even this latter group stated that there are moments 
during the procedure with enormous discomfort14 and painful episodes. Our review follows 
Moerman’s hypothesis: “If pain is the crucial point, why do we need sedation?”15 and we 
discuss the analgesic options to increase success-rates of a painful intervention without 
increasing risks due to sedation-induced adverse events.16,17 

Part 2 

In part 2 of this thesis we discuss different drugs for analgo-sedation and their application 
during different procedures with special requirements concerning sedation. 

The definition “sedation” is not unambiguous. It is a collective term for a drug-induced 
continuum ranging from consciousness to unconsciousness of the patient with all possible 
side effects like loss of airway patency or cardiovascular instability.
Sedation levels range from minimal to moderate, to deep sedation, and finally to general 
anaesthesia.18 A clear understanding of this continuum is mandatory.19

During minimal sedation patients respond in a normal way to verbal commands. 
Cardiorespiratory functions are unaffected, whereas the cognitive function may be impaired.  
Moderate sedation is specified as further reduction of cognitive function. Patients could 
purposefully respond to verbal commands after light tactile stimulation. Spontaneous 
ventilation is completely sufficient. 
During deep sedation, cognitive function is further reduced, and patients cannot be easily 
awaked, but react on repeated or painful stimuli. Spontaneous ventilation can be insufficient. 
It may be necessary to assist patients to maintain airway patency. Cardiovascular functions 
are normally unimpaired.
General anaesthesia means: patients are not arousable, even not after a painful stimulus. 
Assistance to maintain a patent airway and positive-pressure ventilation are often necessary. 
Analgo-sedation is a combination of analgesia and one of these above-mentioned sedation 
levels.

Therefore, it is important for each procedure to estimate, which component (analgesia and/
or sedation) and also which level of sedation is really necessary and which could be passed. 
We should always consider, what is important for the respective procedure: is it the stress-
free, the painless, the immobile, or the non-coughing patient?
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Chapter 6 addresses the “analgesic - only” approach during CT colonography – a procedure 
which is due to the colonic insufflation comparable to colonoscopies regarding pain 
experience.20

We conducted a double blind placebo-controlled randomised multi-centre trial in ninety 
patients scheduled for elective CT colonography. After randomisation patients were 
allocated to get either placebo or alfentanil for pain therapy. Alfentanil is a µ-receptor agonist 
that has its maximal effects within 1 to 2 minutes after injection. It acts dose-dependent. This 
characteristic renders possible, to titrate alfentanil till the planned level of consciousness is 
reached. Primary objective was the difference in pain experience between both groups 
measured on an 11-point numeric rating scale (NRS). In this trial, alfentanil was applied 
under continuous monitoring of SpO

2
, but without attendance of an anaesthesiologist or 

specialised sedation practitioner.

In Chapter 7 we again address the “analgesic – only” question.21 In a prospective 
randomised trial we investigated satisfaction of patients and endoscopists, and concurrent 
safety aspects of an “alfentanil - only’’ strategy compared to two other common forms of 
analgo-sedation in patients scheduled for colonoscopy. 180 patients were randomised in 
three groups: group A: alfentanil – solely an analgesic, group M: midazolam combined with 
fentanyl - a combination of analgesia and mild sedation, and group P: propofol combined 
with alfentanil – a combination of analgesia and deep sedation; in group A and M, analgo-
sedatives were given by the attending endoscopy nurse and in group P by a specialised 
sedation practitioner. Cardiorespiratory parameters as ECG, heart rate (HR), non-invasive 
blood pressure (NIBP), oxygen saturation (SpO

2
), and end-tidal carbon dioxide (etCO

2
), 

and interventions were monitored. After procedure, endoscopists and patients completed 
questionnaires related to their experiences with endoscopy. 

Chapters 8 and 9 address with dexmedetomidine a new substance for moderate 
procedural sedation. Dexmedetomidine is a short-acting selective alpha

2
-adrenoceptor 

agonist with anxiolytic, hypnotic, and analgesic properties without respiratory side effects. 
This sounds like the ideal analgo-sedative for moderate sedation. Analgesic and anxiolytic 
effects combined with the properties of an ideal sedative (e.g. a fast begin and termination 
of action, the possibility to titrate to a planned sedation level, nevertheless a fast recovery, 
combined with an superior safety profile, and without the necessity for extra personnel).22,23 
Propofol as the gold standard provides superior sedation with a fast begin and end of 
action. However, drawback of propofol sedation is the risk to progress from moderate to 
deep sedation or even general anaesthesia with impaired cardiorespiratory functions. 
Therefore, pharmacological agents like dexmedetomidine that have analgo-sedative effects 
without the risk of respiratory problems are of increasing interest. 
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Chapter 8 provides a description of pharmacodynamics, systemic effects, and possible 
applications of dexmedetomidine.24 In chapter 9 we compared in a randomised controlled 
study the satisfaction and safety of a group of patients receiving moderate sedation with 
dexmedetomidine with a second group sedated with propofol.25 Our study focussed 
on elective endoscopic oesophageal procedures for treatment of Barrett’s oesophagus. 
These procedures require patients who are sedated, but easily arousable to provide an 
excellent endoscopic view of the oesophagus. Thus, we tended to a level of sedation - 
using the observer’s assessment of alertness/sedation scale (OAA/S) - between 2 and 4, 
meaning that patients show maximal lethargic response to their name spoken in normal 
tone.26 Patients were constantly monitored for HR, SpO

2
, ECG, etCO

2
, NIBP, and non-invasive 

cardiac output (NICO). After the procedure, patients rated their satisfaction level using a 
validated questionnaire modified from the patient satisfaction with sedation instrument 
(PSSI).27 Endoscopists were asked about their experience using the corresponding clinician 
satisfaction with sedation instrument (CSSI) score.27

Chapter 10 focuses on another promising drug for moderate sedation: remifentanil, an 
opioid with a rapid begin within 30-60 s, peak effect within 2.5 min, and half-life of 8-10 
min. Remifentanil is metabolised by non-specific esterases resulting in a rapid systemic 
elimination. This is useful especially in situations making a predictable termination of its 
effect necessary. Lim et al. showed that remifentanil slowly titrated with a target controlled 
infusion (TCI) system successfully suppressed the coughing reflex during intubation.28 
Intubation is a procedure that provokes irritation of the complete airway system in almost 
the same manner as bronchoscopy. Therefore, we used these findings to develop a concept 
for moderate sedation during bronchoscopy and bronchial thermoplasty (BT) consisting of 
remifentanil TCI combined with propofol TCI.29 
BT is a novel bronchoscopic treatment for patients with moderate-to-severe asthma; it has 
been shown to improve quality of life and to reduce asthma symptoms and exacerbation 
rates.30 A complete BT treatment consists of 3 consecutive bronchoscopic procedures 
during which airways of the left lower lobe, right lower lobe, and finally both upper lobes 
are treated with radiofrequency. 
We performed a prospective observational cohort study including 32 BT procedures in 
severe asthma patients. After each procedure, patients were requested to rate their overall 
satisfaction with sedation on a visual analogue scale (VAS). Similarly, bronchoscopists were 
asked to rate patients` cooperation and tolerance. All sedation-related events and the 
number of performed radiofrequency activations on the airway were registered. 
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Chapter 11 focuses on esketamine - an old and at the same time new medicinal option 
for deep sedation. Esketamine is a well-known drug with extensive use in the prehospital 
environment and emergency and critical care departments over the last years. Our 
still on-going study investigates deep procedural sedation for endoscopic retrograde 
cholangiopancreatography (ERCP) - an endoscopic intervention that requires a relatively 
motionless patient to facilitate this difficult procedure. In the last years, deep sedation 
with propofol combined with an opioid has become the standard sedation approach. 
Unfortunately, drawback of this combination is often serious cardiorespiratory depression. 
Esketamine, the s-enantiomer of ketamine and also a non-competitive N-methyl-D-
aspartate (NMDA)-receptor antagonist and opioid receptor agonist, is known for its 
effective anaesthetic and analgesic effects maintaining spontaneous breathing and airway 
reflexes.31,32,33 Due to an increase in sympathetic tone hypotension and cardiac depression 
after ketamine application is less common.34 Patients are randomised to group K (propofol/
esketamine) or to group A (propofol/alfentanil). Primary outcome is the dosage of propofol 
needed for adequate sedation. Patients` and endoscopists` experiences are measured 
by means of questionnaires before and after the procedure and on the following day. 
Haemodynamic and respiratory parameters, and incidents are recorded as surrogate 
parameters for patient safety. 
We aim to demonstrate in this randomised controlled multicentre trial that procedural 
sedation with propofol and esketamine will reduce the number of sedation related side 
effects during ERCP with superiority to standard propofol/alfentanil sedation and thus 
demonstrate a higher safety and satisfaction profile as the former combination. 

In daily practice, moderate and deep sedation is usually realised by drug therapy. But there 
are other non-medicinal options like acupuncture that can provide or support sedation 
measures. 
Chapter 12 focuses on acupuncture, which has been used since a long time for multiple 
indications. Well known is the role of acupuncture in pain treatment.35,36,37 However, only few 
studies are published with respect to its use during sedation for endoscopic gastrointestinal 
interventions. 
We hypothesised in this study38 that “verum” acupuncture causes not only analgesia, but 
also has a sedative effect that will allow to reduce the total dosage of propofol necessary 
for an adequate sedation level during colonoscopies. For this trial, 153 patients were after 
randomisation allocated to receive electro-acupuncture (EA), sham-acupuncture (SA), or 
placebo-acupuncture (PA) combined with deep sedation performed with propofol and 
alfentanil. In the EA group, patients received verum-acupuncture needles unilateral on 
three points. We chose points, which are relevant for sedation and for abdominal distension: 
Pericardium 6 (P6), Stomach 36 (ST36), and Large Intestine 4 (LI4). Group SA got sham-
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acupuncture with acupuncture needles. Sham acupuncture thereby means that verum-
acupuncture needles were placed 1 cm lateral and distal to the acupuncture points used 
in the EA group. Group PA received sham-acupuncture with placebo-needles (Streitberger 
needles) on the points also used in the SA group to exclude an effect of acupressure on the 
classic acupuncture points. Primary endpoint was defined as the total dosage of propofol. 
As secondary objective we determined satisfaction of patients and endoscopists measured 
by questionnaires.

Part 3

In this part of the thesis we focus on adverse events related to procedural sedation outside 
the OR. The overall number of sedation related incidents is relatively low, but their impact 
can be enormously since adverse events ascribed to moderate and deep sedation levels are 
frequently affiliated with the cardiorespiratory system.39,40,41 It is known that cardiorespiratory 
complications account for the greatest part of sedation-related morbidity and mortality. 

Chapter 13 discusses the case of an anaphylactic shock during percutaneous evacuation 
of an ecchinococcus cyst. This procedure is usually performed under deep sedation outside 
the OR with a multidisciplinary team consisting of a sedation specialist, a radiologist, and a 
radiology technician. Every team member has his own expert field, but they are most often 
not trained to work as a team in a critical situation. An anaphylactic shock is such a critical 
situation. Although anaphylactic reactions during this procedure are rare (1.7%), they carry a 
mortality rate of 0.03%42 and ask for fast resolutions. We want to show with this case report 
that cognitive aids can help to solve this problem.

The final chapter 14 presents our own data from a nationwide prospective registration 
of complications during various procedure types with deep sedation performed by 
anaesthesia nurse practitioners in 24 Dutch hospitals from the 1st February 2015 to 1st March 
2016. Hospitals were both, academic and district general hospitals. For this registry, we 
translated and modified the adverse event reporting tool from the International Sedation 
Task Force of the World Society of Intravenous Anaesthesia.43 We provided anaesthesia nurse 
practitioners with the possibility to fill in a paper copy of the tool or an electronic online 
version. We also collected patient age, ASA physical classification, medical history, method 
of preassessment, type of procedure, National Confidential Enquiry into Patient Outcome 
and Death (NCEPOD) classification of the procedure, attendance of an anaesthesiologist, 
and drugs used. 
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Transcatheter aortic valve implantation (TAVI) have been introduced and further developed 
as a last therapeutic option in patients with severe aortic stenosis, who are – because of 
severe comorbidity - not suitable for open-heart operations. Different approaches for 
aortic valve implantation are nowadays routinely performed: transapical, transaortic, and 
transfemoral placement of the aortic valve.1

Transapical and transaortic (via direct aortotomie or via the arteria subclavia/axillaris) TAVI is 
routinely performed under general anaesthesia, transfemoral (TF-) TAVI can be done under 
either general (GA) or local anaesthesia (LA).1–5 The latter is most often combined with 
additional sedation.
While there is still debate on beneficial long-term effects of TAVI compared with classical 
aortic valve replacement,6 an additional question arises whether the type of anaesthesia 
provided for these procedures makes a difference for patient outcome.
The latter question can be further divided into two parts: first, does the individual anaesthetist 
make a difference to patient outcome, and second, does the type of anaesthesia play a role? 
A recent publication7 reports an increased mortality by nearly 50% in patients undergoing 
coronary artery bypass graft surgery served by “low-performance anaesthetists”. One might 
look for shortcomings of this publication, and we might feel uncomfortable with the 
mentioned statement, but several published comments also point out, what we all know: 
the individual anaesthetist makes a difference,8,9 and this will most likely also be the case in 
TF-TAVI procedures!
But does the type of anaesthesia also make a difference in patients undergoing TF-TAVI? 
There are supporters and opponents for GA or LA, as are advantages and disadvantages 
for either of the two options.13 Looking at the available evidence-based data, we have 
to agree that we cannot answer the question at this moment. There are no randomised 
controlled trials but only retrospective analyses or prospective observational registries. 
While some of these publications state that there is lower incidence of complications 
and better outcome when performing TF-TAVI under local anaesthesia,5 one has to take 
into account that retrospective and prospective observational studies have a significant 
reporting bias. In most of these registries, GA was used while the innovative technique of 
TF-TAVI was implemented; in contrast, use of LA increased over time during later years after 
gaining more experience with the technique.10 If this holds true, how can we then compare 
these two options on an evidence-based level with the respective data, and is it justified to 
perform a meta-analysis over the available results?4

In the current issue of the British Journal of Anaesthesia, Mayr and colleagues11 present 
results of the first randomised study comparing sedation vs. GA for TF-TAVI. They analysed 62 
patients randomised to either GA or sedation with propofol and remifentanil. Noteworthy, 
there was already experience with more than 600 TAVI procedures performed before 
in the respective investigational centre, most likely omitting the effects of the learning 
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curves.12 Two experienced cardiac anaesthetists were assigned to the procedures, with 
one only responsible for the study documentation. As the primary end-point the authors 
have chosen a surrogate parameter, probably reflecting one aspect of patient outcome: 
perioperative cumulative cerebral oxygen desaturation, which was comparable between 
groups, as were the results of a secondary endpoint, the neurocognitive function. However, 
more respiratory adverse events were registered in the sedation group. Looking in more 
detail at the anaesthetic procedure, the author’s state that moderate to deep sedation was 
performed to provide optimal implantation conditions. One might question whether we 
still can expect a favourable difference in patient outcome between general anaesthesia 
and deep sedation? Deep sedation for sure has several disadvantages, as are described in 
the respective adverse respiratory events of the present study. But is deep sedation really 
needed to facilitate this procedure in an optimal manner? In our centre, TF-TAVI is performed 
with reasonable results in unsedated or only light sedated patients.13 However, these results 
might also have significant bias, as they come from an observational cohort database and 
not from a randomised trial. As in other hospitals, we performed GA in the beginning 
and then switched to sedation and later to LA only, after learning our lessons concerning 
patient selection, vascular screening, team training, and after gaining more experienced 
with the procedure. However, although the TAVI procedures are constantly improved, 
all these interventions are associated with potentially life-threatening complications, and 
therefore - although the procedure is performed by a cardiologist under local analgesia 
– a cardiac anaesthetist is part of the multidisciplinary team. Performing TF-TAVI under 
LA without sedation has another advantage: communication with the patient is the best 
neurologic monitor we have, and in case of any cerebrovascular event, immediate further 
diagnostic and possible treatment strategies can be initiated. This advantage will be lost in 
situations where deep sedation is used, as described in the study by Mayr and colleagues.11 
These authors have chosen cerebral desaturation as the primary outcome parameter; 
in both groups, cerebral oxygenation decreased during pacing-induced cardiac arrest 
for balloon valvuloplasty and hypotension during valve release. However, these periods 
of cerebral desaturation were obviously too short to have any effect on neurocognitive 
function. The current study is too small to allow a more distinct answer on whether the 
respective anaesthetic technique influences patient outcome after TF-TAVI. As most of the 
current reviews on this topic conclude, we need randomised trials to define the role of 
anaesthesia in the treatment of patients with severe aortic stenosis undergoing TF-TAVI. 
As the number of patients treated with this technique increases,14,15 we should be able to 
answer this question with evidence-based data from randomised trials. The study from 
Mayr and colleagues11 is a first step on a long way to further evaluate the optimal treatment 
strategies for TF-TAVI. It is attractive for cardiologists and cardiac surgeons to demonstrate 
that these procedures can be performed without anaesthesia support. Therefore, we clearly 
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have to define our role within the multidisciplinary teams treating patients with TF-TAVI – 
and it might not be enough to state that LA is insufficient in a given number of patients. 
We, as anaesthetists have the chance to demonstrate on a more evidence-based level that 
anaesthesia – beside the anaesthetic technique chosen - indeed makes a difference!

14745_SEberl_BW.indd   27 25-07-17   12:43



28

Chapter 2

REFERENCES
1. Klein AA, Skubas NJ, Ender J. Controversies and complications in the perioperative management 

of transcatheter aortic valve replacement. 
 Anesth Analg 2014; 119: 784–798
2. Rex S. Anaesthesia for transcatheter aortic valve implantation.
 Curr Opin Anesthesiol 2013; 26: 456–66
3. Guarracino F, Baldassarri R. The anaesthetic management of transcatheter aortic valve implantation. 
 Semin Cardiothorac Vasc Anesth 2016; 20: 141-146
4. Froehlich GM, Lansky AJ, Webb J, et al. Local versus general anaesthesia for transcatheter aortic 

valve implantation (TAVI) – systematic review and meta-analysis. 
 BMC Medicine 2014; 12: 41-49
5. Goren O, Finkelstein A, Gluch A, et al. Sedation or general anaesthesia for patients undergoing 

transcatheter aortic valve implantation. 
 J Clin Anesth 2015; 27: 385–390
6. Tamburino C, Barbanti M, D’Errigo P, et al. 1-year outcomes after transfemoral transcatheter or 

surgical aortic valve replacement. 
 J Am Coll Cardiol 2015; 66: 804–812
7. Glance LG, Kellermann AL, Hannan EL, et al. The impact of anaesthesiologists on coronary artery 

bypass graft surgery outcomes. 
 Anesth Analg 2015; 120: 526–533
8. Leslie K, Merry AF. Cardiac Surgery: all for one and one for all.
 Anesth Analg 2015; 120: 504–506
9. Maxwell BG, Hogue CW Jr, Pronovost PJ. Does it matter, who the anaesthesiologist is for my heart 

surgery?
 Anesth Analg 2015; 120: 499–501
10. Dall’Ara G, Eltchaninoff H, Moat N, et al. Local and general anaesthesia do not influence outcome 

of transfemoral aortic valve implantation. 
 Int J Cardiol 2014; 177: 448–454
11. Mayr NP, Hapfelmeier A, Martin K, et al. Sedation vs. general anaesthesia for transcatheter aortic 

valve implantation: effects on cerebral oxygen saturation and neurocognitive outcome. 
 Br J Anaesth 2016; 116: 90–99
12. Alli O, Rihal CS, Suri RM, et al. Learning curves for transfemoral transcatheter aortic valve 

replacement in the PARTNER-I trial: technical performance. 
 Catheter Cardiovasc Interv 2016; 87: 154-162 
13. Wiegerinck EMA, Boerlage van Dijk K, Koch KT, et al. Towards minimally invasiveness: transcatheter 

aortic valve implantation under local analgesia exclusively. 
 Int J Cardiol 2014; 176: 1050–1052
14. Leon MB, Smith CR, Mack M, et al. Transcatheter aortic valve implantation for aortic stenosis in 

patients who cannot undergo surgery. 
 N Engl J Med 2010; 363: 1597–1607
15. Gilard M, Eltchaninoff H, Iung B, et al. Registry of transcatheter aortic valve implantation in high-

risk patients.  
 N Engl J Med 2012; 366: 1705–1715

14745_SEberl_BW.indd   28 25-07-17   12:43



3
TOWARDS MINIMALLY 
INVASIVENESS: TRANSCATHETER 
AORTIC VALVE IMPLANTATION 
UNDER LOCAL ANALGESIA 
EXCLUSIVELY

Wiegerinck EMA, Boerlage van Dijk K, Koch KT, 

Yong ZY, Vis MM, Planken RN, Eberl S, de Mol BAJM,  

Piek JJ, Tijssen JGP, Baan J.

International Journal of Cardiology 2014; 176: 1050-1052

14745_SEberl_BW.indd   29 25-07-17   12:43



30

Chapter 3

ABSTRACT 

Background: Both, general anaesthesia (GA) and local analgesia (LA) - with or without 
sedation - are options for periprocedural anaesthetic management of transfemoral 
transcatheter aortic valve implantation (TAVI). We report the safety and feasibility of TAVI 
under LA and provide our own experience in the largest cohort so far reported.

Methods: A total of 178 consecutive patients planned for transfemoral TAVI were included 
in this study. Patients were treated with the Medtronic Core Valve (n=77) or the Edwards 
Sapien (n=101) at operators’ discretion. Periprocedural anaesthetic management, 
procedural characteristics, and outcomes were assessed.

Results: Of the 178 patients (34% male), 4 (2.2%) needed a conversion to general anaesthesia 
(prosthesis embolism, 2 complicated peripheral vasculature puncture/closures, restlessness). 
Periprocedural transoesophageal echocardiography was not necessary. Premedication 
included temazepam, lorazepam, or midazolam in 76% of patients. In total 115 patients 
(66%) received conscious sedation, 34% received sedative medications. Only nine patients 
developed a delirium during admission (5%). All-cause 30day-mortality was 9 (5%). NYHA-
class decreased significantly from 3±0.6 to 1±0.9 (p=0.04).

Conclusion: Transfemoral TAVI - using exclusively local analgesia and fluoroscopic guidance 
- is safe and feasible with a very low rate of conversion. The fragile TAVI-population may 
benefit from this anaesthetic management.
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Transcatheter Aortic Valve Implantation (TAVI) was started in most centres using general 
anaesthesia (GA) and the same monitoring standard as for patients scheduled for open 
surgical aortic valve replacement. After gaining experience, few centres switched to local 
anaesthesia (LA) - with or without sedation.1 Currently both, GA and LA (with or without 
sedation) are options for the anaesthetic management of TAVI patients. Whether LA is 
superior to GA has not been addressed in randomised trials before and no consensus upon 
the preferable method has been reached yet.2,3 We report on safety and feasibility of TAVI 
under LA and present our own experiences in the largest cohort so far reported.2

At our institution, transfemoral TAVI procedures started in 2007 under GA (n=55). In an 
effort to minimise invasiveness in this fragile patient population, LA became the standard 
method for transfemoral TAVI`s beginning October 2010. We included consecutive patients 
who were planned for TAVI under LA between October 2010 and May 2013. All patients 
were rejected for surgical treatment due to anticipated high surgical risk by our heart team. 
Patients signed written informed consent for the procedure, data collection and utilisation 
according the ethical guidelines of our institute. All patients received pre-procedural 
consultation by both, the operator as well as the anaesthesiologist.

Premedication and use of conscious sedation were left at the discretion of the cardio-
anaesthesiologist. 
A total of 40 cc lidocaine 1% mixed with bupivacaine 0.5% (T

1/2 
=2.7h) was injected in the 

percutaneous femoral access site for local wound analgesia. Appropriate valve positioning 
was achieved by fluoroscopy and aortography without the use of transoesophageal 
echocardiography (TOE). Results and complications were assessed based on direct patient 
contact, haemodynamics, angiography, and transthoracic echocardiography (TTE). A 
cardiovascular anaesthesiologist was constantly present to monitor the patient, stabilise 
haemodynamics, or perform GA if necessary. All patients treated under LA were post-
procedurally observed on the Cardiac Care Unit (CCU) instead of being transported to the 
Intensive Care Unit (ICU) as is it standard after GA. For the clinical endpoint definitions the 
criteria of the Valve Academic Research Consortium4 were used. 

A comparison was made between the group of patients treated under LA and conscious 
sedation and the group under LA without conscious sedation. Differences of continuous 
variables between two groups were analysed with a two-tailed student’s t-test or Mann–
Whitney U test where appropriate.

Of the 178 patients included, 4 patients (2.2%) needed a conversion to GA (1 conversion 
to surgery due to prosthesis embolism, 2 complicated peripheral vasculature puncture/
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closures, 1 restless patient) (Figure 1). In 3 patients femoral access was surgically achieved 
under local analgesia (Table 1). 
Premedication was administered in 76% of the patients and included temazepam 10 mg 
(n=33), lorazepam 1 mg (n=40), midazolam 2.5–7.5 mg (n=63), and paracetamol 1000 
mg (n=144) (Table 2). Procedural medication for conscious analgo-sedation included 
remifentanil, alfentanil, sufentanil, propofol, morphine, and esketamine. 66% of the patients 
received low dosages of opioids and 34% received sedative medication. Longer mean 
procedure duration, i.e. catheterisation lab time, was observed with conscious sedation 
(100 vs. 85 min p=0.008). There were no other differences in baseline characteristics 
(Table 3) or outcome (Table 4) - including delirium - between patients receiving conscious 
sedation or only LA. Procedural haemodynamic stability was achieved with small dosages 
of catecholamines (norepinephrine, phenylephrine, atropine sulphate, ephedrine) in 37% 
(n=65) of the patients.
30-day mortality was 5% (n=9) and immediate procedural mortality 1% (n=2). At 30 days 
NYHA functional class had decreased from 3±0.6 to 1±0.9 (p=0.04). Mean total hospital stay 
was 10 ± 8 days. 
The rate of major bleeding was 17%. Stroke/TIA occurred in 6% of the patients. During total 
hospital admission only 9 patients (5%) developed a delirium that was treated with haldol.

Figure 1. Flowchart of the study population
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Table 1. Procedural characteristics (n=178)

Conversion from local to general anaesthesia 4 (3.3%)

Conversion to surgery 1

Puncture or closure of peripheral vasculature 2

Restlessness of the patient 1

Post-dilatation 17 (9.4%)

Contrast (mL) 147 ± 51

Procedure time (min) 97 ± 38

Device success 174 (96.7%)

Average admission (days) 10 ± 8

Data expressed as number (percentage) or mean ± SD.

Table 2. Premedication 1 hour before procedure (n=170)

Temazepam 10 mg 33 (19%)

Lorazepam 1 mg 40 (24%)

Midazolam 63 (37%)

7.5 mg 5 (3%)

3.75 mg 58 (34%)

2.5 mg 1 (1%)

Paracetamol 1000 mg 144 (85%)

Data expressed as number (percentage).

Efforts to minimise invasiveness with concurrent maintenance of patient safety and fast-
track recovery, but without compromising clinical and procedural outcomes or patient 
satisfaction were the rationale for this simplified TAVI approach using exclusively LA. To 
our knowledge, we report the largest TAVI cohort performed with LA1–6 with the lowest 
conversion rate to GA. Complication rate (major bleeding, stroke/TIA) was similar to other 
registries and trials performed with GA. One of the main reasons for the performance of GA 
for TAVI is the assumption that TOE is necessary procedurally. We could demonstrate that 
TAVI can be performed safely without TOE7, and no complications occurred necessitating 
emergency TOE. Post-implantation result of the prosthesis was assessed by fluoroscopy 
and TTE. Patients with LA were sufficiently comfortable, even if surgical femoral access was 
necessary. Monitoring with direct feedback of an awake patient is superior to monitoring 
under sedation or GA. There was no difference in outcome between patients receiving 
conscious sedation combined with LA or LA only.
In the presence of an experienced cardio-anaesthetist, no delay is expected in initiating 
cardiac support and managing complications. 
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Table 3. Baseline characteristics (n=178)

Age (y) 80.4 ± 7.2

BMI (kg/m2) 29 ± 5.9

Clinical history

Hypertension 104 (58%)

Diabetes 52 (29%)

Hypercholesterolemia 47 (26%)

Prior myocardial infarction 32 (18%)

Prior PCI 58 (33%)

Prior CABG 23 (13%)

Prior stroke 29 (16%)

Peripheral arterial disease 37 (21%)

COPD 56 (31%)

Renal insufficiency 74 (42%)

Liver cirrhosis 2 (1%)

Prior neoplasia 39 (22%)

Atrial fibrillation 39 (22%)

Prior pacemaker 21 (12%)

NYHA class ≥ 3 105 (59%)

Preprocedural hospitalisation 46 (26%)

Logistic EuroSCORE 19  ± 12.7

STS score 6.2 ± 5.2

Preprocedural variables

LVEF ≤ 40% 25 (14%)

AVA (cm2) 0.76 ± 0.24

Indexed EOA (cm2/m2) 0.41 ± 0.13

AVPG max (mmHg) 70.6 ± 23.6

AVPG mean (mmHg) 45 ± 15.4

Annulus diameter (mm) 21 ± 1.4

AR grade ≥ 2 30 (17%)

MR grade ≥ 3 22 (12%)

TR grade ≥ 2 56 (32%)

PAP (mmHg) 40 ± 17.3

Data expressed as mean ± SD or number (percentage). BMI, body mass index; PCI, percutaneous coronary 
intervention; CABG, coronary artery bypass graft; COPD, chronic obstructive pulmonary disease; NYHA, New York 
Heart Association; STS, society of thoracic surgeons; LVEF, left ventricular ejection fraction; AVA, aortic valve area; 
AVPG, aortic valve pressure gradient; AR, aortic regurgitation; MR, mitral regurgitation; TR, tricuspid regurgitation; 
PAP, pulmonary artery pressure
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Compared to GA, LA shows shorter preparation and procedure time, as well as shorter 
hospital stay and causes lower costs.6 In our cohort, mean procedural time was 97 min 
compared to 120 to 167 min reported with GA. Mean length of hospital stay was shorter (10 
days) than reported with GA (11.9–15 days).6,8,9 
Delirium, a predictor of sustained poor cognitive and functional status after hospital 
admission10, occurs in 10–60% and up to 90% in the elderly surgical patients. The low rate 
of delirium in our fragile patient cohort is promising for the future of TAVI in this ageing 
population. 

We can conclude that it is safe and feasible to perform transfemoral TAVI procedures 
exclusively with local wound infiltration and fluoroscopic guidance. This minimal invasive 
approach respecting maximal safety standards may benefit outcome in the elderly high-risk 
patient group scheduled for aortic valve replacement.

Table 4. 30-day clinical outcome

All-cause mortality 9 (5.0%)

Immediate procedural mortality 2 (1.1%)

Cardiovascular mortality 8 (4.4%)

MACCE 14 (7.8%)

Myocardial infarction 3 (1.7%)

Stroke 10 (5.6%)

Disabling stroke 6 (3.3%)

Non-disabling stroke 4 (2.2%)

Bleeding

Life threatening bleeding 4 (2.2%)

Major bleeding 30 (16.7%)

Vascular access complication 32 (17.8%)

Major 11 (6.1%)

Minor 21 (11.7%)

Acute kidney injury

Stage 1 18 (10%)

Stage 2 2 (1,1%)

Stage 3 0 (0%)

VARC combined safety end-point 15 (8.3%)

Post-procedural delirium 9 (5.0%)

Data expressed as number (percentage). MACCE, major adverse cardiac and cerebral events; VARC, Valve Academic 
Research Consortium
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SUMMARY

Achalasia describes a clinical picture where the motility of the oesophagus is malfunctioning 
and the relaxation of the lower oesophageal sphincter (LOS) during swallowing is 
inadequate. The reasons of achalasia are not clarified yet. Achalasia results in a stasis of food 
and liquids with a wide range of other symptoms. There are various treatment options. 
Medication is rarely successful. Balloon dilatation and surgical myotomy of the LOS can 
reduce symptoms in 60-90% of patients. For the last few years, myotomy has been made 
possible by means of peroral endoscopic myotomy (POEM). POEM is performed under 
general anaesthesia at the endoscopy suite. Key points from an anaesthesiologic point of 
view are an increased risk of aspiration and procedure specific complications, including 
perforation, pneumomediastinum, pneumoperitoneum, and pneumothorax.
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INTRODUCTION

Achalasia is a rare and disabling disease that is characterised by reduced motility of the 
oesophagus, coupled with the inability of the lower oesophagus sphincter (LOS) to relax 
sufficiently. The word achalasia is derived from the Greeks word (a)chalasis, which can be 
translated as “no relaxation”.1 Patients usually experience retrosternal pain and progressive 
dysphagia, when taking solid or liquid food.2 The basic causes of achalasia are not known 
yet.1 In this article, we will discuss the clinical picture of achalasia and the possible treatment 
options. Moreover, we will focus on a relatively new endoscopic treatment for achalasia: the 
peroral endoscopic myotomy (POEM). At the moment, this technique is being used only in 
two hospitals in the Netherlands and is performed under general anaesthesia outside the 
operation room at the endoscopy suite.

 
EPIDEMIOLOGY

Achalasia is an uncommon disease. Worldwide, the incidence is approximately 1 of 100,000; 
this means in the Netherlands, there are approximately 1500 patients. This disease has a 
significant impact on the quality of life, efficiency of labour, and functional status of the 
patient. An additional problem is that patients often have to undergo several invasive 
interventions.1

 
PATHOPHYSIOLOGY

The pathophysiology of achalasia is largely unknown. An association with the Down 
syndrome and Parkinson’s disease, familial accumulation, and the results of twin studies 
suggest a partial genetic basis for this disease. In addition, viral infections and immunologic 
factors could also become important; it seems that autoimmune diseases are more common 
in patients with achalasia. T-lymphocytes have an important role in this context.  Achalasia 
is on histopathological examination characterised by the destruction of ganglion cells in 
the plexus myentericus of the distal oesophagus and the LOS. The plexus myentericus is 
important in the coordination of oesophageal peristalsis. In patients with achalasia, this 
plexus is infiltrated by T-lymphocytes. This results in a reduced activity of inhibitory neurons 
and an imbalance between activation and relaxation of the smooth muscle fibres of the 
oesophagus and LOS. The result of this imbalance is an impaired relaxation and excessive 
contractility of the muscle layer leading to constriction of the oesophageal lumen with 
shortening during swallowing and an abnormal peristalsis with an increased tonus in the 
LOS. The outcome of this combination is stasis of food, liquid, and saliva above the LOS.1
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DIAGNOSTIC

The typical symptoms of patients with achalasia are dysphagia, retrosternal pain, and pyrosis 
(Table 1). On average two years after symptoms from oesophageal dysphagia, 40% of these 
patients develop respiratory complaints due to (micro) aspiration.1,2

If a patient shows symptoms that may fit to achalasia, it is important to exclude more 
common disorders like gastro-oesophageal reflux, mechanical obstruction by malignancy of 
the oesophagus or surrounding tissues, strictures, foreign bodies, eosinophilic oesophagitis, 
or systemic neuromuscular diseases.
The key test for establishing the diagnosis achalasia is oesophageal manometry. During 
manometry a thin probe with pressure sensors is inserted through the nose and placed in 
the oesophagus while the patient is asked to swallow several times. Results are graphically 
displayed on a “map” which indicates the pressure in different locations at different points 
in time (Figure 1). In addition to the manometry, barium swallow is performed. Patients have 
to swallow barium contrast solution at different times (usually after 0, 1, 2, and 5 minutes). 
In achalasia, normal oesophageal motility is absent. The oesophagus above the narrowing 
of the LOS is often dilated showing a typical “bird’s beak”- or corkscrew pattern (Figure 2). 
The same signs can be observed during oesophago-gastroscopy: oesophageal dilatation, 
abnormal ‘twists’, and stasis of food. It could be difficult or impossible to pass the gastro-
oesophageal junction due to hypertonia of the LOS. Another typical finding is a pattern of 
candidiasis as a result of stasis of food.
On the basis of manometry results, achalasia can be divided into three subtypes (Figure 3). 
Type I indicates an impaired relaxation of the LOS with lack of peristalsis, but with a normal 
oesophageal pressure. Type II is characterised by an increased oesophageal pressure. In 
type III, additionally spastic contractions of the distal oesophagus are observed. Achalasia 
Type II has the best prognosis after treatment, while type III has the worst.1

Table 1.  Symptoms of achalasia

Symptoms % of patients

Dysphagia 90%

Pyrosis 75%

Regurgitation or vomiting 45%

Retrosternal pain 20%

Upper abdominal pain 15%

Pain during swallowing <5%

Cough 20-40%

Chronic aspiration 20-30%

Hoarseness or sore throat 33%

Unwanted weight loss 10%
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Figure 1. Manometry of a healthy person (left) and patient with achalasia type I (right)

Figure 2. Barium swallow with a typical “bird’s beak”- or corkscrew pattern in a patient with achalasia

THERAPY

Causal treatment of achalasia is not possible. Altogether, there are four treatment options: 
medication, injection of botulinum toxin into the LOS, pneumatic dilatation of the LOS, and 
(surgical) myotomy.

Medication

Drugs that can reduce the pressure in the LOS are calcium channel blockers, nitrates, and 
phosphodiesterase inhibitors. Evidence based data is missing, but treatment with these 
agents is rarely successful and therefore not usually performed.
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Figure 3. Subtypes of achalasia differentiated by manometry and barium swallow

Type I indicates an impaired relaxation of the LOS with lack of peristalsis, but with a normal oesophageal pressure. 
Type II is characterised by an increased oesophageal pressure. In type III, additionally spastic contractions of the 
distal oesophagus are observed. 

Injection with botulinum toxin

Botulinum toxin blocks the release of acetylcholine in neurons. The injection can be 
performed endoscopically under mild sedation. It leads to a reduction of symptoms in two-
thirds of the patients with achalasia. Unfortunately, a drawback is that the effect is only 
temporary due to the regeneration of neurons and patients typically need to be re-treated 
within a year. Alongside, it is a problem that repeated injections with botulinum toxin 
complicate Heller myotomy, one of the more definitive treatment options.1

 
Pneumatic dilatation

A rigid balloon is placed in the LOS and filled with air (Figure 4). The procedure is performed 
under deep sedation. 60-90% of the patients benefit from the dilatation, but approximately 
one-third of these patients need to be retreated after a few years. A recent randomised study 
showed that repeated pneumatic dilatations are comparable with surgical myotomy.1,3 
The most important complication is perforation of the LOS. The incidence of perforation is 
about 1% .1
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Figure 2. Barium swallow with a typical "bird's beak”- or corkscrew pattern in a patient with 
achalasia 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 3. Subtypes of achalasia differentiated by manometry and barium swallow 
 

 
 
 
Figure 4. Pneumatic dilatation 
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Figure 4. Pneumatic dilatation (picture by courtesy of Ron Slagter)

Surgical myotomy

During laparoscopic Heller myotomy the outside muscle layers of the LOS are cut. Heller 
myotomy is performed under general anaesthesia. Success rate is around 90%. The most 
important complication is perforation of the stomach. The risk of perforation is the same 
in Heller myotomy as in pneumatic dilatation. In order to prevent gastro-oesophageal 
reflux, myotomy is combined with a fundoplication (Figure 5). Nowadays, myotomy can 
also be performed endoscopically: peroral endoscopic myotomy (POEM).1 This treatment 
is discussed below.Figure 5. Heller myotomy with fundoplication 

 

 
 
 

Figure 6 POEM 
  

 
 

Retained food 
 

Figure 5. Heller myotomy with fundoplication (picture by courtesy of Ron Slagter)

PERORAL ENDOSCOPIC MYOTOMY (POEM)

The first POEM was performed 2008.4 POEM is performed under general anaesthesia. A 
mucosal incision in the middle segment of the oesophagus is made and the submucosal 
layer of the oesophagus and the cardia of the stomach endoscopically transformed into 
a tunnel through which oesophageal myotomy is carried out. During the procedure, the 
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oesophagus and submucosal tunnel are inflated with carbon dioxide. The right level of the 
tunnel is found by direct visualisation and injection of liquid, e.g. methylene blue. 
The right direction is determined by direct visualisation of the circular muscle layers. Among 
patients in a late stage of disease, the orientation can be complicated by fibrosis of the 
surrounding tissue. It is important that the fibres are cut over by the entire thickness of 
the circular muscle layer. At the end, the mucosa opening is closed with clips (Figure 6). 
Before performing a POEM, active candidiasis should be treated. The most formidable - 
but fortunately rare - complications of POEM are perforation, bleeding, and infection. 
Concerning bleeding, it is necessary to treat submucosal tissue carefully to avoid the 
risk of bleeding from submucosal vessels or mucosal laceration. Minor bleedings can be 
tamponed or coagulated by electrocoagulation. In major bleedings the use of a Blakemore-
Sengstaken tube - a flexible catheter with oesophageal and gastric balloon - that can apply 
pressure on the surrounding tissue when inflated has been sporadically reported. However, 
there are also studies that discourage the use of this tube since there is a smaller barrier 
after myotomy that can prevent bleeding into the mediastinum or peritoneum.4 In a more 
advanced stage of achalasia, bleeding can occur more easily due to neovascularisation.
Perforation can result in tension pneumothorax, pneumomediastinum, pneumoperitoneum, 
and subcutaneous or submucosal emphysema.5 These complications should be treated 
according to current guidelines by the anaesthesiologist or endoscopist. Prospective 
studies were able to show that POEM is successful in more than 90% of the patients. This 
also applies to patients with type III achalasia.1,6 

 
Perioperative care

Perioperatively, it is important - independent of the treatment form - to take measures to 
prevent aspiration. It is also important to be aware of a (small) risk of perforation during 
and after pneumatic dilatation, the Heller myotomy, and also POEM. Heller myotomy is 
performed laparoscopically with all risks of this operative procedure. POEM can additionally 
be complicated by pneumomediastinum, pneumoperitoneum, and submucosal or 
subcutaneous emphysema aggravated by carbon dioxide insufflation. This can cause 
extremely high airway pressures even with low tidal volumes and hypercapnia. Treatment 
is to vent pneumoperitoneum by using an ultrasound guided 14-gauge infusion needle 
placed into the pneumoperitoneum. In case of developing subcutaneous emphysema 
around neck and face, it is recommended to assess the possibility of re-intubation before 
extubation of the trachea by direct laryngoscopy. Optionally, extubation should be delayed 
until reduction of the emphysema. The available literature on perioperative care of patients 
with achalasia is unfortunately very limited. There are no controlled studies or approved 
guidelines concerning preprocedural fasting, airway management, and other anaesthesia 
techniques.
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Figure 5. Heller myotomy with fundoplication 
 

 
 
 

Figure 6 POEM 
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Figure 6. POEM (picture by courtesy of Ron Slagter)

(a) Mucosal incision  (b) Submucosal tunnel  (c) Myotomy  (d) Closure
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Studies

Three retrospective cohort studies with specific focus on anaesthesia technique during 
POEM have recently been published.5,7,8

In 2014 Tanaka et al.7 reported on 28 patients who underwent POEM after 24 hours fasting. 
Before POEM, these patients underwent oesophago-gastroscopy under sedation with 
the aim to remove remaining food in the oesophagus and stomach. Afterwards, their 
trachea was intubated after administration of propofol, remifentanil, and rocuronium (a 
specific method of intubation was not described), and anaesthesia was maintained with 
sevoflurane and remifentanil. During the following endoscopy, it was noticed that still in 
ten patients solid food and in four patients liquid was in the oesophagus. One patient 
developed subcutaneous emphysema. No other complications were observed. All patients 
could easily be extubated.7

In 2015, Yang et al.8 described 52 patients who underwent POEM in the US. All patients had 
nothing per os for eight hours and had fed for a varying period from 48 hours up to 5 days 
only upon clear liquids. All patients received preoperative antibiotics and proton pump 
inhibitors until discharge home. Intubation was performed as “rapid sequence induction” 
(RSI) (medication is not reported) and anaesthesia was obtained with propofol and/or 
sevoflurane. No regurgitation or aspiration was observed during induction. Postoperatively, 
all patients had a chest x-ray and on the day after procedure barium swallow or a CT 
scan with oral contrast to eliminate leakage. Patients received a soft pureed diet for two 
weeks. Some patients developed high ventilation pressures during procedure that could 
be easily remedied by endoscopic decompression of the stomach. Six patients had a 
pneumoperitoneum, for which decompression of the abdomen with a Veres needle was 
necessary. Except for one patient with severe COPD, all patients could be extubated in 
the endoscopy room. Four patients experienced perforation of the oesophagus. In three 
patients this was noticed and treated immediately during procedure. Perforation in the 
fourth patient was discovered on the day after procedure during barium swallow. This 
patient had to undergo laparoscopic repair combined with temporary placement of an 
endoluminal stent. All patients fully recovered. There were no bleeding complications. Two 
patients developed pneumonia after the procedure. The average length of stay in hospital 
was 3.5 days (range 2-10 days). 

Several months ago, a third case series of 24 patients was published.5 Again, there was 
neither uniform fasting policy nor airway management. Fasting time varied from 6 up 
to 25 hours. Sixteen patients received standard induction without special measures to 
prevent aspiration, 7 patients received RSI with cricoid pressure and one without. One 
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patient experienced an aspiration after a standard induction. Procedure was cut short and 
recapped on a later moment when the patient was successfully intubated after a rapid 
sequence induction with cricoid pressure. Anaesthesia was maintained with sevoflurane, 
desflurane or propofol. In contrast to our own experiences, the authors stated that POEM is 
relatively painless requiring only small amounts of opioids.8 Regarding airway management, 
Saxena et al.9 suggest in a reply letter to Tanaka et al.7 the use of a special tube with the 
possibility of suction of irrigation fluid under the glottis and above the cuff (TaperGuard 
Evac, Covidien). The authors intubated 35 patients who underwent POEM with this special 
tube and experienced no aspiration.9 However, this also can be achieved by using the 
suction canal of the endoscope during withdrawal from the oesophagus. 

Own experiences

Nearly 160 POEM procedures have been performed in the AMC. All patients scheduled for 
POEM have to follow a strict liquid diet for three days prior to the procedure. Twenty-four 
hours before procedure they may only take clear liquid and 8 hours before nothing more by 
mouth. During time out, patients will be asked about their own feeling of stasis of food in the 
oesophagus. All patients are intubated in a RSI setting without cricoid pressure. In doubt of 
stasis in the oesophagus, awake fiberoptic intubation with remaining airway reflexes is the 
option of choice. Until now, we did not have any aspiration during intubation. Alternatively, 
it is an option to start with an oesophago-gastroscopy under light sedation to remove 
remaining food in the oesophagus and stomach. We have not yet applied this method. There 
is no specific protocol for medication during induction or for maintenance of anaesthesia. 
Our data show that POEM is a painful procedure. Therefore, all patients receive multimodal 
intravenous pain therapy with acetaminophen, non-steroidal anti-inflammatory drugs 
(NSAIDs) or alternatively metamizol, esketamine, and an opioid combined with co-
analgesics like clonidine and dexamethasone.
The first hours after procedure, patients stay in the recovery room and are titrated with 
morphine as necessary. Usually, intravenous treatment with paracetamol, NSAID, or 
metamizol is sufficient. The first 24 hours patients are not allowed to eat and drink, so 
they are treated with a crystalloid and glucose infusion for this time. After the barium 
swallow on the first postprocedural day, patients start with clear liquid followed by liquid 
diet that is slowly extended. Patients are treated with omeprazole for two weeks after the 
procedure. For most patients pain medication is still necessary in the first two to three days 
postoperatively.
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Conclusion

In the absence of controlled studies in patients with achalasia and a limited anaesthesiologic 
experience of POEM, it is not possible to make strong recommendations. The methods 
as described above seem to provide an effective and safe treatment option. We strongly 
recommend a strict fasting protocol in patients with achalasia and measures to prevent 
aspiration, such as RSI. The preprocedural ‘cleaning’ oesophago-gastroscopy seems not to 
be necessary and is probably very uncomfortable for the patient.
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ABSTRACT

Screening by colonoscopy is a proven instrument for early diagnosis of colorectal cancer, but 
often experienced as an uncomfortable procedure. Today, there are two main strategies to 
facilitate colonoscopy. First, deep sedation, which results in satisfied patients, but increases 
sedation-associated risks and raises costs for health care providers. Second, there is the 
advocacy for colonoscopies without any form of sedation. This might be an option for a 
special group of patients, but does not hold true for everybody. 
Following Moerman’s hypothesis: “If pain is the crucial point, why do we need sedation?” 
this review shows the analgesic options towards a painless procedure, increasing success-
rates without increasing risk of sedation. There are two agents with the potential to be 
a nearly ideal analgesic agent for colonoscopy: alfentanil and nitrous oxide (N

2
O). Both 

substances aim at a comfortable, yet alert patient and facilitate a short turnover combined 
with a superior safety profile. Besides owning anxiolytic and analgesic characteristics, both 
drugs show a rapid begin and termination of action and are therefore easy to titrate to 
reach the aimed level of sedation. 
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INTRODUCTION

Screening by colonoscopy is a proven instrument for early diagnosis of colorectal cancer. 
This is an important reason, why colonoscopies belong to the most performed endoscopic 
procedures. In the Netherlands, there was a 64% increase in colonoscopies from 2004 until 
2009.1 However, motivating patients to participate in colonoscopy screening continues to 
be a challenge.
The lack of knowledge among patients about the nature of colonoscopy may be an 
important barrier, limiting patients to accept and undergo such a screening procedure. 
Commonly, colonoscopy is associated with anxiety and pain. Additionally, patients 
complain over disruption of normal daily activities by bowel preparation, hangover effects 
from sedation,2 and the need for an escort after the procedure.3 Dominitz et al. 4 stated 
that 25% of patients who never have had a colonoscopy before are willing to surrender 
median 90 days of their life to avoid the screening procedure. However, after having had a 
colonoscopy, this number decreased to almost zero days. 

Pain and discomfort during colonoscopy

Activation of sensory nerves by stretching the sigmoid wall due to looping of the coloscope 
or over-insufflation with air triggers pain that is typical for colonoscopies.5 This visceral pain 
often aggravates due to its autonomous components, e.g. sweating, bradycardia, dizziness, 
hypotension, and nausea. 
Pain is not only a physical reaction of the body, but it also has mental and behavioural 
components associated with former experiences and cultural background, which often 
seems to be resistant to analgesic treatments. Pain is less tolerated by younger, often slender 
females and is better accepted in the older generation. Unfortunately, it is yet impossible to 
predict, how painful the examination for the individual patient will be. 

Sedation for colonoscopy

Sedation for colonoscopy is currently a matter of discussion; In the United States (US), 
sedation has become standard for colonoscopies. Depending on the study, either moderate 
or deep sedation is favoured. Other parts of the world advocate for completely medication-
free colonoscopies.6-10

In one US study, only 16.9% (n=73) patients would accept sedation-free colonoscopy.11 
However, another study reported that in 23% of patients unsedated colonoscopies could 
be performed with excellent patient satisfaction and acceptable comfort level.12 Eckardt et 
al.7 showed in a study on 2.500 patients, that 95% of all patients could undergo colonoscopy 
without sedation when experienced colonoscopists and optimal equipment was present. 
Unfortunately, the authors did not report data on patient satisfaction. Nowadays, use of 
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new coloscopes,13 the water method,14 and experienced endoscopists make colonoscopy 
without sedation possible to a dedicated and motivated group of patients. This finding 
is supported by Rex et al.15 Success rates depend on appropriate selection.10 Young male 
with an above-average education level, little preprocedural fear, and a personal preference 
for procedures without sedation are predictors of a successful sedation-free procedure.11 
However, unpredictable individual anatomical situations can result in inacceptable 
discomfort for the patient and worse procedural conditions for the gastroenterologist. 
Baudet et al.16 reported increased complication rates during colonoscopy without the use 
of sedation (57 vs. 22%; p<0.001). 

MODES OF ANALGO-SEDATION

Sedation guidelines have universally defined levels of sedation, reaching from moderate to 
deep sedation.
Deep sedation is generally achieved using propofol. Its fast start and end of action allows for 
a reduced recovery time. Therefore, there is increasing interest in propofol sedation among 
gastroenterologists. Unfortunately, its therapeutic range is narrow and enhances the risk of 
sedation related cardiopulmonary events. That`s the reason, why in most parts of the US 
sedation with propofol by non-anaesthesiologists, is not allowed. 
The guidelines in different European states concede the use of propofol to trained nurses 
or endoscopists, who are solely responsible for sedation.17 However, this permission only 
concerns moderate, but not deep sedation.
This means deep sedation is more resource intensive because of the need for specialised 
sedation staff and extended monitoring.18 The percentage of colonoscopies with 
anaesthesia professional participation is expected to rise from 23.9% in 2007 to 53.4% by 
2015, respectively.19 In view of this dramatic increase, health insurance companies try to 
limit payment for sedation delivered by anaesthesia providers.18

Patients under deep sedation may have impaired spontaneous breathing requiring 
assistance to keep an open airway. Closed claims analyses of anaesthesia suggest that 
deep sedation carries high risks for serious complications even with well trained staff.20 Cote 
et al. found a percentage of 12,5% sedation related hypoxaemic events during propofol 
sedations performed by anaesthesia nurses.21 In a review of over 20.000 reports in the Clinical 
Outcomes Research Initiative Database, sedation-related events happened in 1.3% of the 
cases.20  Respiratory (0.75%) and cardiovascular complications (0.49%), and delayed recovery 
of psychomotoric function count for the highest rate among all complications. Furthermore, 
deeply sedated patients are not able to change position from lateral decubitus to supine 
without assistance, which makes it difficult to manoeuvre the patient during procedure.
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Moderate sedation is as a drug induced reduction of cognitive function. Patients could 
purposefully respond to verbal commands after light tactile stimulation. Respiration is 
not impaired.18 Drugs most commonly used for moderate sedation are midazolam (47%), 
spasmolytics (11%), and other drugs (5%), mostly combined with an analgesic, e.g. opioids 
(33%).24 A combination of two or more analgo-sedatives was used in 37% of the performed 
procedures. This combination provides excellent analgo-sedation during colonoscopy, but 
increases the risk for more deep sedation and more frequent respiratory depressions.
The duration of action of these combinations might last longer than the procedure, resulting 
in a delayed recovery and discharge from hospital, disrupting normal everyday activities of 
the patients and actually increasing treatment costs.

THE IDEAL AGENT

The properties of an ideal analgesic agent for colonoscopy aim at a comfortable yet alert 
patient and facilitate a rapid turnover of patients. The ideal sedation drug also implies a 
superior safety profile, analgesic and optionally anxiolytic effects combined with a fast 
begin and termination of action, the possibility to titrate to a planned sedation level, a fast 
recovery, and all of this without the necessity for extra personnel. 
Following Moerman`s hypothesis “If pain relief is adequate, sedation is no longer being 
required.”25, the question arises whether analgo-sedation could be achieved by using 
analgesics only. Various studies on sedation regimens have been published, but only a few 
concentrated on analgesic agents solely.26-28

Meperidine

Meperidine is a synthetic analgesic with an onset of effect within 10 to 15 minutes, lasting 
for 2 hours with a plasma half-life of 3 to 4 hours. Metabolism to normeperidine occurs 
rapidly. Normeperidine follows a renal excretion with an extended elimination half-life of 
17 hours. This pharmacokinetic profile strongly argues against the use of meperidine for 
relatively short procedures like colonoscopies.29

Fentanyl

Fentanyl is an opioid, which has a faster recovery profile than meperidine. Onset of action 
is within 1–2 min, peak effect occurs at 3–5 min, and duration of action ranges between 
30–60 min. 
For colonoscopies, fentanyl is mostly used in a combination with propofol or a 
benzodiazepine. Only Lazaraki et al.26 evaluated the efficacy and safety of fentanyl alone 
(< 0.5 µg/kg, mean 36 µg) in comparison with midazolam (2 mg, mean 4.6 mg). Fentanyl 
provided more rapid recovery than midazolam combined with a lower mean discomfort (0.4 
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vs. 1.0) and pain scores (2.59 vs. 4.43). In the midazolam group, 35% of the patients showed 
a decrease in oxygen saturation, whereas no adverse events happened in the opioid group. 

Remifentanil

Remifentanil is a synthetic opioid with the analgesic potency of fentanyl, but an extremely 
short duration of action (begin 30-60 s, peak 2.5 min, termination half-life 8-10 min). 
Metabolism takes place by nonspecific esterases. This is useful especially in situations making 
a predictable termination of its effect necessary. Akcaboy et al.30 showed that remifentanil 
during colonoscopies  – used as bolus injection combined with a low dose continuous 
infusion (0.05 µg/kg/min) and 2 mg midazolam - provides appropriate amnesia and sedation 
compared with propofol. Analgesia was even better with lower discomfort scores among 
patients. Drawback of remifentanil, however, was that it caused nausea and vomiting 
during the recovery phase and delayed patients` discharge. Haemodynamic instability with 
a significant decrease in heart frequency, NIBP, and impaired oxygen saturation levels were 
additional disadvantages of remifentanil bolus injection. Nonetheless, gastroenterologists` 
and patients` satisfaction was higher and duration of colonoscopy was shorter compared 
with the propofol group. Probably the more conscious sedated patient cooperated more 
easily. Similar results were reported by Fanti et al.31 using remifentanil patient controlled 
analgesia (PCA) (0.5 µg/kg) in combination with midazolam. 
Moerman et al.25 compared high-dose remifentanil (starting with 0.5 µg/kg as bolus injection 
with a continuous infusion of 0.2 µg/kg/min) with propofol (starting with 1 mg/kg as bolus 
injection with a continuous infusion of 10 mg/kg/h). Both combinations created a sufficient 
condition to perform colonoscopy. Emergence times and recovery of cognitive function 
were faster in the remifentanil group and haemodynamic disturbances were reduced 
compared to propofol. However, a significant problem in the remifentanil group was the 
respiratory depression rate. Patients in the propofol group were more satisfied than in the 
remifentanil group, probably because of the deeper sedation level caused by propofol. 
Greilich et al.32 compared remifentanil versus meperidine in older patients undergoing 
colonoscopy. Although overall satisfaction was the same in both groups, patients treated 
with remifentanil showed higher scores for anxiety and pain compared to the meperidine 
group.
In a recent study by Manolaraki,33 safety and efficacy of a standard sedation combination 
(midazolam and pethidine) during colonoscopy were compared with remifentanil (starting 
with a bolus of 1 µg/kg for 1 min combined with a continuous infusion of 0.05-0.2 µg/
kg/min). Although mean levels of pain with remifentanil were higher than those with 
midazolam and pethidine, patients and endoscopists were likewise satisfied in both groups. 
Respiratory depression rate was significantly lower in the remifentanil group, most likely 
due to avoiding bolus injection of remifentanil and preferring careful titration. Importantly, 
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a much faster discharge of patients in the remifentanil group was observed. The necessity 
for continuous application and its negative side effects (nausea, vomiting and possible 
haemodynamic and respiratory complications) are serious limitations for routine use of 
remifentanil. Because only trained users (anaesthesiologists, anaesthesia nurses) would 
administer remifentanil, additional staffing costs will be associated with this analgesic 
regimen.

Alfentanil

Alfentanil is a µ-receptor opioid that has its maximal effects - comparable to remifentanil -  
within 1 to 2 minutes after injection and an elimination half-life of about 100 minutes. 
Metabolism takes place in the liver. Only 1% of alfentanil is found non-metabolised in the 
urine. Thus, in patients with liver dysfunction a more prolonged and pronounced effect 
can be expected. Dose-dependency allows for achieving different levels of awareness, 
cooperation, and psychomotor capacity more easily. 
The only study addressing the use of alfentanil (10 µg/kg) for colonoscopies as a mono-
drug was performed by Di Palma et al.27 The authors compared alfentanil with midazolam/
alfentanil (n=11) and meperidine/midazolam (n=11). Patients receiving alfentanil (n=13) 
were less likely to require oxygen supplementation because of desaturation (8 versus 55% 
with alfentanil/midazolam and 27% with meperidine/midazolam), and suffered from less 
pain. There were no differences in haemodynamics (ECG, NIBP), recovery time, complication 
percentage, and patients’ discomfort. Therefore, Di Palma et al. came to the conclusion 
that alfentanil alone had no further advantage. However, the safety aspect – significant less 
desaturation episodes – makes the substance worth to be examined in more detail. 
Usta et al.34 compared patient-controlled analgesia (PCA) with alfentanil (mean 1000 µg) 
versus fentanyl (mean 80 µg) for colonoscopies. Both opioids were given in combination 
with midazolam (group alfentanil: 2.34±0.96 mg, group fentanyl: 2.16±0.9 mg). Worth 
mentioning, analgesia was not completely patient-controlled. Patients received a loading 
dose of 500 µg alfentanil and were asked to request a further bolus (by pushing the button), 
when they felt pain. If sedation score exceeded 3 (OAA/S), further midazolam was added. 
Patients within both groups showed the same satisfaction score after colonoscopy and were 
disposed to undergo colonoscopy again. No adverse events (e.g. respiratory depression, 
haemodynamic changes) were observed. As expected, recovery was significantly shorter 
with the use of alfentanil compared to fentanyl. The author’s conclusion focussed on 
alfentanil, although midazolam was also administered as a sedative agent. 
No other studies addressed the use of alfentanil for colonoscopies. In neurosurgical patients 
undergoing stereotactic brain biopsy, Bilgin et al.35 compared the effects of alfentanil, 
fentanyl, and remifentanil analgo-sedation combined with midazolam on haemodynamic 
and respiratory parameters. Alfentanil (10 µg/kg) initially led to a reduction in minute 
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volume and SpO
2, 

though without any clinically relevant respiratory depression. This effect 
was aggravated by additionally sedation using benzodiazepines.36

Nitrous oxide (N2O)
Nitrous Oxide is a gas of low solubility that is rapidly absorbed (within 60 s) and eliminated 
unchanged via the lungs. Available in a fixed 50:50 combination with oxygen (Entonox®/
Relivopan®/Livopan®), it is widely used in obstetrics and dentistry for more than 160 years.37 
It is known for a rapid onset and termination of action and only minimal side effects. Its 
analgesic properties are attributed to inhibition of N-Methyl-D-aspartate (NMDA)–receptors; 
the anxiolytic and sedative properties are referred to activation of Gamma Amino Butyric 
Acid (GABA)-receptors. In animal studies, N

2
O induced the release of opioid peptides in 

the brainstem followed by the activation of descending noradrenergic inhibitory pathways. 
Hence, N

2
O modifies pain processing in the spinal cord and induces analgesia - without loss 

of consciousness.38,39

Welchman et al.40 performed a systematic review addressing sedation during colonoscopies, 
comparing N

2
O to opiates – given intravenously – partially combined with midazolam. 

Unfortunately, only a small number of patients have been included, and among those a large 
diversity existed. In addition, no validated scores were used to assess patients’ satisfaction.40 

The data showed that N
2
O use on demand was not sufficient enough to adequately reduce 

pain, probably because a short lag time exists before analgesia is reached by N
2
O. Løberg et 

al.42 could show that N
2
O on demand is not really effective in the substitution of intravenous 

medication in patients undergoing colonoscopy. However, combining a start dosage of 
N

2
O for 2 minutes administered by the patient himself on demand showed that N

2
O was 

superior to analgo-sedation with midazolam combined with fentanyl concerning pain 
experiences, satisfaction, and compliance to undergo colonoscopy again.44 In contrast, 
Forbes et al.44 reported that Entonox® was less effective than meperidine/midazolam with 
respect to pain scores, but allowed for faster recovery. Prediction of painful manoeuvres 
during colonoscopy is difficult, and the patient might use N

2
O too late to timely achieve 

an adequate pulmonary concentration necessary for subsequent pain reduction. Maslekar 
et al. compared continuous inhaled Entonox® with patient maintained target controlled 
infusion with propofol. They found no differences between N

2
O and propofol regarding 

pain relief, sedation, and mobility of the patients.45

N
2
O for short acting procedures is considered safe.46 Onody et al.47 analysed 35.828 

questionnaires and demonstrated a rate of all adverse effects of 4.4%, from which 86% 
counted for gastrointestinal (nausea, vomiting) and neuropsychiatric (dizziness, headache, 
hallucinations) disorders. 
The only proven toxic effect of N

2
O concerns interaction with vitamin B12, which also 

depends on duration (6 hours) and extent of exposure. Animal studies suggest a problem 
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associated with chronic exposure to N
2
O, whereby the exact level to induce patient 

harm cannot be predicted. Only long-term exposure to N
2
O in sufficient concentrations 

seems to produce irreversible, toxic changes and has been associated with reproductive, 
haematologic, immunological, neurological, liver and kidney disorders. Hence, 
administration to patients for a short-term colonoscopy procedure seems to be safe. 
Attention should be paid for personnel working in environments in which N

2
O is used the 

whole day, especially without an adequate extraction system. 
The safety level for N

2
O exposure is yet not clearly defined. The National Institute for 

Occupational Safety and Health recommended “an exposure limit for N
2
O of 25 parts per 

million (ppm) as a time-weighted average for a normal 8-hour workday and a 40-hour 
workweek”.48 The American Conference of Governmental Industrial Hygienists has assigned 
for N

2
O an exposure limit of 50 ppm. In Germany, the occupational exposure limit is 100 

ppm.49 Lacking exact data, it is important to minimise exposure.
Every N

2
O apparatus must have a scavenging system50 with sufficient extraction and 

routinely checked for leaks. A minimum air exchange of 2-3 per hour must be guaranteed, 
when N

2
O is used. Patients should wear an on demand valve mask perfectly fitting their 

faces and be suggested not to speak during colonoscopy. After finishing the procedure and 
stopping N

2
O, patients should receive 100% oxygen for 3-5 minutes via the mask.

CONCLUSION

The discussion on the ideal analgesic agent for colonoscopy demonstrates that in fact 
none of the latter agents is ideal. Almost all have side effects, have less patient satisfaction 
scores, have been used with sedatives, or have been studied in very small trials. But if pain is 
relieved adequately during colonoscopy, sedation is indeed not required in a huge number 
of patients. The use of N

2
O instead of IV drugs is “no laughing matter”,51 for several reasons: 

N
2
O with a loading dose and continuous administration provides adequate analgesia with 

a patient being awake and co-operative; after cessation patient is awake, ready to get the 
information necessary, and to leave the hospital soon after the procedure. Patients without 
escort and living alone may in particular benefit from the fast recovery of psychomotoric 
functions provided by N

2
O. However, there are some limitations of N

2
O like uncertainty 

about chronic side effects and need for air conditioning and efficient ventilation together 
with efficient active scavenging systems.
Alfentanil is a strong analgesic, facilitating a fast turnover of satisfied, pain free patients, 
which are able to cooperate with the endoscopist. Its respiratory depressant effects are 
without clinical impact. Moreover, all actions of alfentanil can be immediately reversed by 
naloxone, making the substance safe in general use. 
Further studies are needed to assess efficiency and last but not least patients and physicians 
satisfaction level with use of these two forms of analgesia.
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ABSTRACT

Background: Pain is common during colonic insufflation required for CT colonography. We 
therefore evaluated whether a single intravenous alfentanil bolus has a clinically relevant 
analgesic effect compared with placebo in patients undergoing CT colonography.

Methods: A prospective multi-centre randomised double-blind placebo-controlled trial was 
performed in patients scheduled for elective CT colonography. Patients were randomised 
to receive either a bolus of 7.5 μg/kg alfentanil (n=45) or placebo (n=45). The primary 
outcome was the difference in maximum pain during colonic insufflation on an 11-point 
numeric rating scale. We defined a clinically relevant effect as a maximum pain reduction of 
at least 1.3 points. Secondary outcomes included total pain and burden of CT colonography 
(5-point scale), the most burdensome aspect, and side effects. Our primary outcome was 
tested using a one-sided independent samples t-test.

Results: Maximum pain scores during insufflation were lower with alfentanil as compared 
with placebo, 5.3 versus 3.0 (p<0.001). Total CT colonography pain and burden were 
also lower with alfentanil (2.0 vs. 1.6;  p=0.014 and 2.1 vs. 1.7; p=0.007, respectively). With 
alfentanil, fewer patients rated the insufflation as most burdensome aspect (56.1% vs. 18.6%; 
p=0.001). Episodes with desaturations (SpO

2
< 90%) were more common with alfentanil 

(8.1% vs. 44.4%; p<0.001, but no clinically relevant desaturations occurred.

Conclusions: A low-dose intravenous alfentanil bolus provides a clinically relevant reduction 
of maximum pain during CT colonography and may improve the CT colonography 
acceptance, especially for patients with a low pain threshold.
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BACKGROUND

Computed tomographic (CT) colonography is an accurate technique for the detection 
of colorectal cancer and clinically relevant polyps and it is a less invasive alternative for 
colonoscopy.1-7 In clinical practice, CT colonography is widely used and it has been adopted 
as colorectal cancer screening tool in the United States and is considered for screening in 
other countries.8,9

Sufficient colonic distension is mandatory for visualisation of the bowel wall,10 but 
insufflation causes the bowel to stretch and may result in painful colonic cramps.11-16 
Colonic insufflation is one of the most burdensome aspects of CT colonography.13-15 In 
several studies the pain and burden scores of CT colonography even compare adversely 
with standard colonoscopy under moderate sedation,11,12,15,16 although in other studies, 
CT colonography is favoured over colonoscopy.3,17 However, discomfort, pain, and anxiety 
(including possible side effects of anxiety18) are detrimental for acceptance of the test, both 
in clinical practice as in screening.
During conventional colonoscopy, administration of analgesics is regular practice. To the 
best of our knowledge, no analgesics are administered during CT colonography and no 
studies have evaluated this option. To induce sufficient analgesia for acute pain during CT 
colonography, an opioid is most suitable because of the analgesic potency.19-21 Hereby, 
intravenous administration allows more precise timing of the peak effect compared with 
oral administration.
In sigmoidoscopy, a fentanyl bolus has been proven to lower pain scores.22 Because of the 
CT colonography procedure time is approximately 20 minutes,23 an opioid with a rapid 
onset and short elimination time would be suitable and prevents long recovery times. 
Alfentanil is such a short-acting opioid (maximum effect within 1–2 minutes and subsequent 
distribution half-life values of 1 and 14 minutes).24 The need for recovery facilities could have 
negative consequences for its widespread clinical use for CT colonography and in particular 
in screening.25 Before considering the use of opioids during CT colonography, it is necessary 
to demonstrate a clinically relevant pain reduction, beneficial effect on the burden, and 
acceptance without detrimental effects on safety, procedure and recovery time.
We hypothesised that a single bolus intravenous alfentanil will give a clinically relevant 
reduction in maximum pain score defined as at least 1.3-point reduction on an 11-point 
numeric rating scale.26-28
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METHODS

Design

We performed a prospective multi-centre randomised double-blind placebo-controlled 
trial to evaluate whether a single bolus intravenous alfentanil has a clinically relevant 
analgesic effect in patients scheduled for elective CT colonography. We evaluated possible 
differences between alfentanil and placebo at different time points. This study was 
approved by the institutional review board of the Academic Medical Centre; all participants 
gave their written informed consent. The study protocol has previously been described 
in detail29 and the trial was registered in the Dutch Trial Register: NTR2902. The study was 
conducted in accordance with the protocol and in compliance with the moral, ethical, 
and scientific principles governing clinical research as set out in the Declaration of Helsinki 
(1989) and Good Clinical Practice (GCP). The CONSORT 2010 Statement was used as guide 
for our reporting.30

Outcomes measures

The primary outcome was the difference in maximum pain score between patients 
receiving alfentanil compared with placebo. We had defined a clinically relevant effect as a 
pain reduction of at least 1.3 point on an 11-point numeric rating scale, as this is considered 
the minimally important difference using this scale.26-28

Secondary outcome measures were differences between patients receiving alfentanil 
and placebo regarding: pain scores per insufflation position, pain and burden of the CT 
colonography procedure and individual CT colonography aspects (e.g. insufflation, bowel 
preparation etc.), side effects, vital parameters, procedure time, and recovery time.

Population

Consecutive patients aged 18–85 years and scheduled for elective CT colonography were 
assessed for eligibility in two institutions in Amsterdam, the Netherlands: Academic Medical 
Centre, University of Amsterdam (academic institution) and Onze Lieve Vrouwe Gasthuis 
(teaching hospital). Patients were assessed for eligibility by telephone by one of the research 
physicians (T.N.B., M.P.P. or L.J.S.). CT colonography was performed in symptomatic and 
surveillance patients only. We used the following exclusion criteria: heart rate < 50 beats per 
minute; systolic blood pressure < 90 mmHg; severe chronic obstructive pulmonary disease; 
liver disease defined as a Child-Pugh score of > 4; alfentanil allergy; pregnancy; increased 
intracranial pressure; use of MAO-inhibitors within two weeks before CT colonography; 
daily use of barbiturates, opiates, or benzodiazepines.
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Power calculation

We powered to detect a difference in maximum pain score between the placebo and 
alfentanil group, using nQuery Advisor 7.0 (Statistical Solutions Ltd., Cork, Ireland). Based 
on our anaesthesiologists (S.E. and M.W.H.) experience a maximum pain reduction of 1.5 
points was expected. A previously performed population screening trial served as pilot 
data to assess distribution and standard deviation.15 We calculated for a one-sided t-test, 1.5 
point difference, 80% power, 0.05 α error and a standard deviation of 2.6. We assumed 5% 
withdrawal and therefore our calculation resulted in groups of 45 patients.

Intervention

Two research physicians (J.H.R. and M.C.H.) generated a randomisation list using nQuery. 
The list was kept by three research physicians (J.H.R., M.C.H. and J.A.W.T.) not involved in the 
patient recruitment, CT colonography procedure or data collection. Included patients were 
randomised into two groups of 45 patients (1:1 ratio and blocks of six). Group 1 received a 
single bolus of 7.5 μg/kg actual body weight alfentanil (Rapifen, Janssen-Cilag, Tilburg, the 
Netherlands). Group 2 received 0.9% saline solution as placebo. Both groups received 0.075 
ml/kg actual body weight fluid. The physicians who kept the randomisation list prepared 
study medication. The medication ampule was placed in a signed sealed envelope near the 
CT scanner room to allow deblinding in case of a medical emergency. The study medication 
was administered (double-blind) through a 20 Gauge intravenous cannula, 1½ minute 
following administration of a spasmolytic agent. After procedure, one of the physicians who 
kept the randomisation list collected the envelope.

CT colonography

We used a 24-hour preparation with low-fibre diet and three or four bottles 50 mL iodinated 
contrast, meglumine ioxithalamate (Telebrix, Guerbet, Aulnay sous Bois, France).31,32 For 
bowel relaxation 1 ml (20 mg) butylscopalamine bromide (Buscopan, Boehringer-Ingelheim, 
Ingelheim, Germany) or, if contraindicated 1 ml (1 mg) glucagon (GlucaGen, Novo 
Nordisk A’S, Bagsvaerd, Denmark) was used.33,34 An automated carbon dioxide insufflator 
(PROTOCO2L, Bracco, EZEM, Lake Success, USA) and a flexible 20 French rectal catheter were 
used with insufflation in three positions: right decubitus, supine and left decubitus position. 
We aimed for three litres insufflation (1.3, 0.8 and 0.9 litres per position, respectively). The 
insufflation pressure was gently increased during insufflation (maximum pressure of the 
insufflator is 25 mmHg) and set on 20 mmHg when the target volume of three litres was 
met or after five minutes of insufflation irrespective of the target volume. Subsequently, 
scan acquisitions were performed in prone and supine position and intravenous contrast 
medium iopromide (Ultravist 300, Bayer B.V., Mijdrecht, the Netherlands) was given in case 
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of clinical suspicion for colorectal cancer. Prone position was the first acquisition position 
when intravenous contrast was used and the second scan position when only unenhanced 
acquisitions were performed.

Evaluation during procedure

Pain scores were assessed with an 11-point numeric rating scale at the end of prone scan 
acquisition position and for all three insufflation positions (0 = no pain and 10 = worst pain 
imaginable).
During the procedure, patients’ vital parameters were monitored (PM50, Contec Medical 
Systems CO, LTD, Qinhuangdao, China). We registered values at standard time points:  before 
spasmolytic injection, 1½ minutes after spasmolytic injection and at 5 and 10 minutes after 
starting the alfentanil injection. The value 1½ minute after spasmolytic injection was the 
reference value for comparisons with values after study medication injection, because the 
spasmolytic can influence the vital parameters.35 Heart rate and oxygen saturation were 
measured continuously with the same device and stored measurements were analysed 
afterwards. Furthermore all side effects and the time in the scanner room were recorded.

Monitoring

To evaluate recovery after the procedure, the Aldrete score, a commonly used recovery 
score,36,37 was assessed at arrival in the waiting room and at 30 and 60 minutes after 
administration of the study medication (Figure 1).38

Questionnaires

Baseline characteristics, procedure expectations, and procedure experience were assessed 
using a pre- and post-procedural questionnaire and largely originated from a previous 
study.15 The pre-procedural questionnaire consisted of 22 questions and was filled out before 
randomisation and the post-procedural questionnaire consisted of 17 questions and was 
filled out 30 minutes after the procedure. Questions about expectations included burden 
and pain of the bowel preparation, intravenous cannula insertion, bowel insufflation, and 
the total procedure on a standard formatted 5-point scale (not at all, slight, some, rather, 
and extremely). Identical questions on experience were asked using the same standard 
formatted 5-point scale. Further, the most painful or burdensome aspect was assessed, and 
whether they would accept CT colonography as a screening test.
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Follow-up

All patient symptoms reported to their general practitioner up to one month after the 
procedure were assessed for their likelihood of being related to alfentanil by two blinded 
anaesthesiologists (S.E. and M.W.H.).

Image evaluation

Two independent observers (T.N.B. and G.K., both evaluated > 250 CT-colonographies) 
evaluated all CT images for distension, collapse, diagnostic adequacy, and diverticulosis.39   
Evaluation was done for six segments separately and distension and collapse was also 
evaluated for prone and supine separately. Bowel distension was scored on a 4-point scale 
based on the worst part of the segment (0-25%, 25-50%, 50-75% and 75-100% distension).40 
The presence of collapse was scored (yes or no). To assess diagnostic adequacy, observers 
scored whether detection of ≥ 6 mm lesions was possible based on the distension of prone 
and supine position combined (yes or no). Diverticulosis was scored on a 4-point scale.41

Statistics

All calculations were performed using SPSS version 18.0 (SPSS inc., Chicago, Illinois, USA) 
and a p value of <0.05 indicated a statistically significant difference.  All data entry was 
completed before deblinding. For the difference in maximum pain score during insufflation, 
we used a one-sided independent samples t-test. Univariate analyses were performed with 
linear regression to identify possible confounders. The four most influential variables with a 
p<0.1 would be included in a multivariate analysis.
For time calculations and pain scores per position we used a two-sided independent 
t-test. Differences between categorical values were determined using a Chi-square test 
and binary values with the Fishers exact test. A (weighted) kappa was calculated to assess 
inter-observer agreement with regards to distension, collapse, diagnostic adequacy, and 
diverticulosis scores. We used the first observer scores to perform ordered regression for 
distension scores. Variables with p<0.1 in univariate analysis were added to the regression 
analysis as confounder (diverticulosis, BMI, and spasmolytic were tested). Logistic regression 
was used for collapse and diagnostic adequacy scores.
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Figure 1. Modified Aldrete score38

The modified Aldrete score was assessed at three time points: at arrival in the waiting room after the procedure, 
and at 30 and 60 minutes after study medication injection. The maximum Aldrete score is 10.

RESULTS

Between May 2011 and June 2012, a total of 179 patients were screened for eligibility. We 
included 90 patients, 54 did not consent and 35 were excluded.
Baseline characteristics were similar for both groups (Table 1). All participants filled out pre- 
and post-procedural questionnaires and none of the patients was lost to follow-up.

Evaluation during procedure

Maximum insufflation pain in the alfentanil group was 2.3 (95% CI 1.3-3.4) point lower on 
the 11-point numeric rating scale compared with the placebo group (Table 2). All possible 
confounders were equally distributed over the groups and all possible confounders had 
a p>0.1 in the univariate analysis. Therefore, we did not perform a multivariate analysis or 
correct for confounders.
Significant differences in pain score between the alfentanil group and placebo group were 
also present for all insufflation positions separately. The amount of medication given, litres 
insufflation, pressure at the end of insufflation, and procedural time were similar (Table 2).
Side effects during CT colonography are summarised in Table 3. Only dizziness and 
desaturations (SpO

2
 < 90% of any duration) were significantly more common in the 

alfentanil group. All desaturations resolved spontaneously and none of the side effects 
interfered with the procedure.
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Table 1. Baseline patient characteristics

Characteristic Placebo (n=45) Alfentanil (n=45) p-value

Male (%) 44.4 (20/45) 31.1 (14/45) 0.28

Age (years) 62.2 62.7 0.86

Weight (kg) 75.5 76.3 0.83

Height (cm) 172 170 0.41

BMI (kg/m2) 25.6 26.2 0.59

Education (%) 0.83

primary 6.7 (3/45) 6.7 (3/45)

secondary 53.3 (24/45) 46.7 (21/45)

tertiary 40.0 (18/45) 46.7 (21/45)

Ethnicity (%) 0.90

Dutch 93.3 (42/45) 91.1 (41/45)

Surinam 4.4 (2/45) 6.7 (3/45)

Other 2.2 (1/45) 2.2 (1/45)

First CT colonography (%) 100 (45/45) 100 (45/45) 1.00

Indication abdominal pain (%) 29.5 (13/44) 15.9 (7/44) 0.20

Spasmolytic (%): 0.60

Buscopan 86.7 (39/45) 84.4 (38/45)

Glucagon 13.3 (6/45) 13.3 (6/45)

No 0 (0/45) 2.2 (1/45)

Oxygen saturation (%SpO2) 98 98 0.47

Heart rate (b/min) 77.8 79.0 0.70

Systolic blood pressure (mmHg) 155 158 0.59

Diastolic blood pressure (mmHg) 86 89 0.28

Expected burden (1–5) 3 3 0.31

Expected pain (1–5) 3 3 0.46

This table shows mean values, unless indicated otherwise; medians are presented for oxygen saturation, expected 
pain and burden. For all percentage the numbers are given between brackets. No significant differences were 
present between baseline characteristics of the two groups. 

Experience questionnaire

Median pain and burden of intravenous cannula insertion were 1 (IQR 1–2) for both groups 
combined. Median pain and burden of the bowel preparation were 1 (IQR 1–1.25) and 2 (IQR 
1–3) for both groups combined. Other experience questionnaire outcomes are reported in 
Table 4. Pain and burden of the insufflation procedure and total CT colonography procedure 
were in favour of the alfentanil group (Figure 2).
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Table 2. Procedural characteristics

Outcome Placebo (n=45) Alfentanil (n=45) p-value

Maximum pain score 5.3 (2.5) 3.0 (2.5) <0.001

Pain score

1 right decubitus 1.8 (2.4) 0.4 (1.0) <0.001

2 supine 3.4 (2.6) 1.4 (2.0) <0.001

3 left decubitus 5.1 (2.5) 2.6 (2.2) <0.001

4 prone 3.0 (2.6) 1.6 (2.5) 0.01

Volume CO
2
 insufflation (l) 4.6 (1.4) 4.7 (1.2) 0.99

Pressure at end insufflation (mmHg) 22 (20–25) 22 (19–25) 0.81

Procedural time (min) 24.4 (4.2) 24.8 (4.7) 0.64

This table provides mean values with the standard deviation between brackets with exception the pressure at 
the end of insufflation, which is a median value with interquartile range. Pain scores 1, 2 and 3 were asked before 
performing the scan acquisitions. Pain score 4 was asked with the patient in the prone scan position. No pain score 
was asked during the supine scan position.
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Figure 1. Modified Aldrete score38 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 2. Distribution of pain and burden scores 
 

 
 
Figure 3. Vital parameters 
 

 
 

Figure 2. Distribution of pain and burden scores

This figure shows the distribution of pain and burden scores (5-point scale) of colonic insufflation and the total CT 
colonography procedure. Above the bars the medians, means and P values are presented (from top to bottom). 
Pain and burden of insufflation and complete CT colonography procedure were significantly lower with alfentanil.

Monitoring and recovery

Vital parameters are shown in Figure 3. For both groups the only significant difference was 
found between heart rate baseline measurement 1½ minute after spasmolytic injection 
and 5 minutes after study medication injection. As shown in Table 5, the Aldrete score was 
only significantly lower for the alfentanil group at arrival in the waiting room.
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Figure 3. Vital parameters

Systolic and diastolic blood pressure, the heart rate and saturation over time for the alfentanil and placebo group. 
* indicates a significant difference. Statistical differences were calculated between the reference measurement 1½ 
minute after spasmolytic and 5/10 minutes after alfentanil injection. The heart rate was significantly higher after 5 
minutes for both placebo and alfentanil group. No other significant differences were observed.

Colonic distension

For all segments and both positions combined no correlation was seen between distension 
scores and randomisation group (BMI and diverticulosis were confounders) (p=0.41). 
Additionally, no difference was found for supine (p=0.60) and prone (p=0.54) separately. 
Alfentanil did not influence the total number of collapsed segments (p=0.25) or diagnostic 
adequacy (p=0.15). Inter-observer agreement was good for distension and diagnostic 
adequacy (kappa value 0.62 and 0.65). Inter-observer agreement was very good for collapse 
and diverticulosis, both 0.81.
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Follow-up

Six patients had reported symptoms to the general practitioner in the month after the CT 
colonography. Three of these were in the alfentanil group. Two of the complaints were 
rated as possibly related to alfentanil (i.e. constipation and dysuria).

Table 3. Side effects 

Placebo Alfentanil p-value

Nausea 2.2 (1/45) 6.7 (3/45) 0.62

Vomiting 0.0 (0/45) 2.2 (1/45) 1.00

Dry mouth 2.2 (1/45) 0.0 (0/45) 1.00

Blurry vision 4.4 (2/45) 2.2 (1/45) 1.00

Dizziness 4.4 (2/45) 37.8 (17/45) <0.001

Sleepy 0.0 (0/45) 2.2 (1/45) 1.00

Dyspnoeic 0.0 (0/45) 2.2 (1/45) 1.00

Sweating 0.0 (0/45) 2.2 (1/45) 1.00

Pressure sensation 0.0 (0/45) 2.2 (1/45) 1.00

Desaturation (SpO
2 
< 90%) * 8.1 (3/37) 44.4 (16/36) <0.001

Desaturation >15 seconds
(SpO2 < 90%) 8.1 (3/37) 19.4 (7/36) 0.19

Desaturation (SpO
2
 < 85%) # 2.7 (1/37) 16.7 (6/36) 0.06

Desaturation >15 seconds (SpO2 < 85%) # 0.0 (0/37) 0.0 (0/36) 1.00

Irregular heart rhythm 18.9 (7/37) 16.7 (6/36) 1.00

Systolic blood pressure at 5 minutes (20% decrease) 8.9 (4/45) 11.1 (5/45) 1.00

Diastolic blood pressure at 5 minutes (20% decrease) 20.0 (9/45) 15.6 (7/45) 0.78

Heart rate at 5 minutes (20% decrease) 4.4 (2/45) 0.0 (0/45) 0.49

This table shows the percentage of patients with different side effects for the placebo and alfentanil group.
* All >15 sec and <85% desaturations are also counted for this category.
# All <85% saturations lasted 2–9 seconds, on average 4.2 seconds.

Table 4. Experience questionnaire

Outcome Placebo Alfentanil p-value

Average insufflation pain 3.8 (2.1) 1.8 (2.0) <0.001

Insufflation most burdensome aspect 56.1% (23/41) 18.6% (8/43) 0.001

Insufflation most painful aspect 60.0% (24/40) 34.1% (15/44) 0.053

This table shows the mean insufflation pain with standard deviation between brackets. For the other outcomes the 
percentages are provided with the numbers between brackets.
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Table 5. Median Aldrete scores

Time point Placebo Alfentanil p-value

Arrival 10 (9–10) 9 (9–10) 0.047

30 minutes 10 (9–10) 9 (9–10) 0.16

60 minutes 10 (9–10) 9 (9–10) 0.10

This table shows median values with interquartile ranges of the Aldrete scores at arrival, 30 minutes and 60 minutes 
after study medication injection. Eight was the lowest Aldrete score in both groups.

DISCUSSION

A single bolus 7.5 μg/kg intravenous alfentanil results in a clinically relevant reduction 
in maximum pain during colonic insufflation required for CT colonography. Importantly, 
alfentanil also reduced the total pain and burden of the complete CT colonography 
procedure. Alfentanil did not influence the procedure time, and with alfentanil fewer 
patients considered colonic insufflation the most burdensome aspect of CT colonography. 
Dizziness and desaturations were the most common side effects of alfentanil, though 
recovery times were short.
The reduction of maximum pain was more than the 1.3 points on an 11-point numeric 
rating scale - as we hypothesised - and which is considered the minimum clinically relevant 
difference.26-28 For this scale, a pain score reduction of 2–2.4 points or 33-35% may be of 
even greater clinical importance.26,27,42 Both, these criteria are also met with the reduction 
we observed. Pain scores during the prone scan acquisition position was 3.0 in the placebo 
group and thus lower than during the left decubitus position, likely due to decreased 
pressure after initial insufflation or habituation to the insufflated colon.41

Importantly, also the pain and burden of the total CT colonography procedure were 
reduced. The effect of alfentanil was more evident on the most burdensome aspect than on 
the most painful aspect. This is likely, because patients experience the bowel preparation as 
burdensome but not as painful. With alfentanil, the insufflation becomes less burdensome 
and therefore the burden of the bowel preparation becomes relatively more important.
The observed dizziness and desaturations are known side effects of alfentanil. The 
desaturation in the placebo group may indicate that some patients experience spontaneous 
desaturations during the day. Importantly, all desaturations were not clinically relevant and 
since they were short lasting and self-limiting, we did not had to perform any intervention.
Although we found desaturations with alfentanil, we did not find a SpO

2
 reduction at 5 and 

10 minutes after alfentanil injection. Conti et al. observed a significant saturation reduction 
with a 10 μg/kg bolus intravenous alfentanil in ASA 1 patients during minor surgery or 
endoscopy.43
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In colonoscopy, opioids are commonly used in combination with a benzodiazepine to induce 
amnesia. We did not consider this mandatory for CT colonography as this combination 
leads to a greater respiratory depressant effect than opioids only. The benzodiazepine-
induced drowsiness may complicate the CT colonography procedure and recovery facilities 
may be required.
A number of limitations have to be acknowledged. The dizziness caused by alfentanil may 
have partly affected the double blind character of the trial. We had anticipated this however; 
to our knowledge, no substance is available that causes dizziness in an equal number of 
patients as alfentanil and that does not affect the outcomes. We chose to use 0.9% saline 
solution for the placebo group because it was the solvent for alfentanil and the viscosity and 
colour was similar to that of alfentanil. Importantly, patients were not aware that dizziness 
would be more likely related to alfentanil administration than placebo. Pressure is higher in 
prone position.41 Therefore, pain was assessed in prone scan acquisition position only as we 
wanted to limit the number of questions. The time of prone scan acquisition differed some 
minutes between studies with and without intravenous contrast medium. The influence 
of prone score on the maximum pain was negligible as these were much lower compared 
with left decubitus. We chose to use an 11-point numeric rating scale, which is a commonly 
used scale.26,44 The visual analogue scale44 is also commonly used, however this scale is less 
practical during colonic insufflation on a narrow table, while having colonic cramps and 
being monitored. Additionally, we have experience with the 11-point numeric rating scale 
during CT colonography. For the Aldrete score we chose as reference values blood pressure 
and heart rate measurements, recorded 1½ minute after injection of the spasmolytic agent. 
Most patients received butylscopolamine bromide, which increases heart rate.35 As the 
effect of the spasmolytic decreases over time, heart rate also decreases. Furthermore, most 
patients are nervous at the beginning of a medical procedure and calm down in the course 
of the procedure. Both factors might have influenced Aldrete score negatively, although 
all patients had a normal heart rate and blood pressure after the procedure. Despite the 
fact the side effects of alfentanil were of minor clinical relevance and the benefit-risk ratio 
seems to favour alfentanil, a safety profile cannot be made based on 45 patients. Although 
other studies also have shown safe use of a single bolus low-dose alfentanil,43,45 more data 
on patient safety is warranted.
When alfentanil is used, it is important to realise that monitoring and airway intervention 
equipment, and sufficient knowledge about the pharmacology of opioids and airway 
interventions should be present. This means that the attendance of a physician is required. 
For institutions where a technician is performing the CT colonography procedure, 
adjustments will have to be made in the procedure. All patients receiving intravenous 
alfentanil require an intravenous cannula, so that emergency medication can be given. 
The above-mentioned issues may lead to an increase in costs. Furthermore, when using 
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alfentanil, patients need to arrange transportation, because driving after alfentanil injection 
is not allowed for 12–24 hours minimum; this can be a large hurdle for implementation 
of alfentanil.24 Patients who receive butylscopolamine bromide during CT colonography 
are already advised not to drive just after the procedure as this may affect the ability to 
drive. Because of disadvantages such as the inability to drive, the lack of analgesia has been 
mentioned as one of the advantages of CT colonography.46,47

CONCLUSIONS

To the best of our knowledge, we are the first to study the use of analgesia for CT colonography. 
Our study shows that alfentanil provides a clinically relevant reduction in maximum pain in 
CT colonography, reduces total procedural pain and burden without detrimental effects on 
procedural time, recovery time, and patient safety. Although desaturations were frequently 
observed with alfentanil, these were not considered clinically relevant because they were all 
short lasting and self-limiting. Therefore, alfentanil may be an option to improve acceptance, 
although it may impact the logistics associated CT colonography examinations. Now, that 
we know the advantage of alfentanil, it can be weighed against the practical hurdles, side 
effects, and costs. Especially for patients with a low pain threshold, a low-dose intravenous 
alfentanil bolus may be viable option. Our secondary outcomes such as the total procedural 
pain and burden, the effect on procedure time, and recovery time should be confirmed in 
for these outcomes appropriately powered studies. Furthermore, additional data on a low-
dose intravenous bolus injection alfentanil during CT colonography is required to further 
assess the safety profile.
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ABSTRACT

Background: We investigated the satisfaction of patients and endoscopists, and concurrently 
safety aspects of an “alfentanil only’’ and two clinically routinely used sedation regimes in 
patients undergoing colonoscopy in a teaching hospital.

Methods: One hundred and eighty patients were prospectively randomised in three 
groups: M (midazolam/fentanyl), A (alfentanil), and P (propofol/alfentanil); M and A were 
administered by an endoscopy nurse, P by an anaesthesia nurse. Interventions, heart rate, 
oxygen saturation, electrocardiogram, non-invasive blood pressure, and end-tidal CO

2
 

were monitored using video assistance. After endoscopy, patients and gastroenterologists 
completed questionnaires about satisfaction.

Results: A high level of satisfaction was found in all groups, with patients in group P being 
more satisfied with their sedation experience (median 1.75, p<0.001). Gastroenterologist 
satisfaction varied not significantly between the three alternatives. Patients in group A felt 
less drowsy, could communicate more rapidly than patients in both other groups, and met 
discharge criteria immediately after the end of the procedure. Respiratory events associated 
with sedation were observed in 43 % patients in group M, 47 % in group P, but only 13 % 
in group A (p<0.001). 

Conclusions: These results suggest that alfentanil could be an alternative for sedation in 
colonoscopy even in the setting of a teaching hospital. It results in satisfied patients easily 
taking up information and recovering rapidly. Although one might expect to observe more 
respiratory depression with an “opioid only” sedation technique without involvement of 
anaesthesia partners, respiratory events were less frequent than when other methods were 
used.
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INTRODUCTION

The number of colonoscopies has grown considerably (64%) in recent years,1 and it will 
continue to rise in the next years.2

Most colonoscopies are performed under conscious or deep sedation. Sedation has 
traditionally been provided by gastroenterologists and is typically achieved with 
benzodiazepines. However, benzodiazepines often do not provide sufficient patient 
comfort during painful interventions.3 Therefore, opioids are often added. This combination 
prolongs the duration of the sedative effect, resulting in delayed discharge.4 Nonetheless, 
this sedation regimen is still frequently used.5

An important step in the evolution of procedural sedation was the introduction of propofol. 
Propofol, with its fast on- and offset of action and its high level of satisfaction achieved among 
gastroenterologists and patients, seems an ideal choice for endoscopic interventions.6 
The most serious disadvantage, however, of propofol sedation is the risk to progress from 
moderate to deep sedation with consecutive airway compromise and cardiopulmonary 
depression.7 Therefore, its application in the US still is limited to anaesthesia providers. 
That’s why, anaesthesia professional participation in endoscopic procedures is expected to 
grow from 23% in 2007 to 53.4% in 2015 (United States).8 The aim of our study was to find 
an alternative regime facilitating sedation for colonoscopy in a satisfactory and safe manner 
for patients and endoscopists in a teaching hospital.
Alfentanil could be such an alternative. Alfentanil provides analgesia and leads to mild 
sedation with the patient still able to communicate. Moreover, all actions of alfentanil can be 
immediately reversed by naloxone, making it safer in the hands of non-anaesthesiologists.

MATERIALS AND METHODS

The ethics committee of the Academic Medical Centre (AMC), Amsterdam, approved the 
protocol for this prospective randomised controlled trial (NL 31863), EudraCT 2010-020502- 
15, and ISRCTN Register: ISRCTN 83950185).
In the AMC, colonoscopies are routine procedures performed at different intervention 
sites of the Department of Gastroenterology. Randomly, we selected 55 colonoscopy days 
within a 5-month period at one of our three colonoscopy suites. Four hundred and eight 
patients were eligible. Due to overlap in time between the procedures, 242 patients were 
asked for participation, 62 patients refused, and after providing written informed consent, 
the eligible patients (n=180) were randomised per working day to one of the following 
study arms: midazolam/fentanyl (group M, n=60), alfentanil (group A, n=60), and propofol/
alfentanil (group P, n=60).
Patients were blinded to the sedation regimen. Sedation was either performed by a 
gastroenterology nurse (without anaesthesia personnel participation), or by an anaesthesia 
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nurse specialised in sedation, both — according to our hospital sedation protocol — 
providing comparable periprocedural care for the patient. However, it was not possible 
to blind the attending parties (observer, endoscopist, endoscopic, and anaesthesia nurse).
Colonoscopies were started by residents under supervision and in difficult cases completed 
by staff members.
Patients 18 years of age, American Society of Anesthesiologists (ASA) class I–III, and 
scheduled for elective colonoscopy were eligible and invited to participate. Patients with 
a history of allergic reaction to any drug in the three regimens, unregulated hypertension, 
bradycardia, arrhythmia, or serious COPD were excluded.

Procedure

To create comparable sedation conditions, we used the observer assessment of alertness/
sedation scale (OAA/S). 9 The OAA/S — originally only validated for benzodiazepines — is 
based on a combination of observations of the resting patient, and patient`s responses to 
verbal commands with increasing intensity. It ranges from 1 (does not respond) till 5 (alert). 
Our targeted sedation score was OAA/S < 4.
To quantify pain, we asked patients to specify suffered pain on the Numeric Rating Scale 
(NRS). NRS 0 thereby represents no pain, and NRS 10 maximum pain level patients could 
imagine. The goal aimed was a NRS score < 4.
Each patient in group A received alfentanil (Rapifen, Janssen-Cilag B.V., Tilburg, Belgium) 10 
μg/kg intravenously, before starting colonoscopy to achieve the targeted score OAA/S < 4.
If the patient reported pain (NRS > 4) during the procedure, the endoscopy nurse was 
allowed to administer extra bolus doses of alfentanil 2.5 μg/kg.
Following common hospital standards, patients in group M received at the same time a 
standard dose of midazolam (Midazolam Actavis, Hafnarfjördur, Iceland) 2.5 mg and fentanyl 
(Fentanyl Braun, Melsungen, Germany) 50 μg by the endoscopy nurse, irrespectively of 
their weight. If OAA/S < 4 score was not reached, another 2.5 mg midazolam, and if the 
patient expressed pain (NRS > 4), 50 μg fentanyl was added. Patients in group P received a 
bolus dose of 100 μg alfentanil and sedation with a target-controlled infusion (TCI) propofol 
(Propofol–Lipuro, Braun, Melsungen, Germany) by an anaesthesia nurse to reach an OAA/S 
< 4. Additional pain (NRS > 4) was treated with an extra dosage of 100 μg alfentanil.

Baseline measurements

Before colonoscopy, patients were asked to assess the pain level they expected to suffer 
during colonoscopy on a NRS.
Furthermore, patients had to accomplish the Trieger test10 before and 30 min after 
procedure. This test is validated to show the psychomotoric recovery following anaesthesia.
Here, the post- versus pre-procedural score was rated.
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After colonoscopy and before discharge, patients and gastroenterologists filled in validated 
questionnaires modified and translated from the Patient Satisfaction with Sedation 
Instrument (PSSI)11 and Clinician Satisfaction with Sedation Instrument  (CSSI),11 respectively, 
which provide feasible and valid assessment of procedural sedation satisfaction in outpatient 
colonoscopy with 4 subscores for patient`s and 3 subscores for endoscopist`s satisfaction.11

Subscores for the PSSI contain questions on sedation delivery, procedural recall, sedation 
side effects, and global satisfaction. 
Subscores for the CSSI refer to corresponding issues among gastroenterologists: sedation 
administration, recovery, as well as post-procedural and global satisfaction. Both groups 
could classify their (dis)satisfaction during the procedure ranging from 1 = very satisfied, 
2 = satisfied, 3 = somewhat satisfied, 4 = neither satisfied nor dissatisfied, 5 = somewhat 
dissatisfied, 6 = dissatisfied to 7 = very dissatisfied.

Monitoring

After assessment of baseline data, an intravenous line was inserted, and patients were 
prepared for the procedure. During colonoscopy, patients were monitored with three-lead 
electrocardiogram (ECG), non-invasive blood pressure (NIBP), pulse oximetry (SpO

2
), and 

end-tidal capnography (etCO
2
), documented at 5-min intervals. Heart rate (HR) was derived 

both from the ECG and pulse oximetry. Two l/min of oxygen was given via a nasal cannula 
from the start of sedation.
Team activities were observed by a trained medical student without clinical experience 
regarding sedation, using a four-channel remote video system, which did not only provide 
a wide angle overview of the sedation room, but also recorded time-synchronised ECG, 
plethysmographic, and capnographic traces as well as derived HR, SpO

2
, NIBP, and 

etCO
2
. The observer recorded the total time of colonoscopy, drugs (type, dosage, and 

time of administration), and time from the end of the procedure until OAA/S > 4, any 
cardiorespiratory events, and all actions taken to prevent or treat these problems (e.g. chin 
lift/jaw thrust, stimulation of the patient, or temporary mask ventilation). 
As significant events were considered: decline in SpO

2
 < 90%, respiratory rate < 6/min, 

increase of etCO
2
 > 50 mmHg; change in HR to +20% of baseline or occurrence of any 

arrhythmia’s; and systolic NIBP +20 % of the first NIBP measurement.

Recovery

After colonoscopy, patients had to stay at least 1 h in the recovery room. Monitoring 
included SpO

2
, ECG, and NIBP. The modified Aldrete score12 was recorded on arrival in the 

recovery area, after 30 min and 1 h. It describes patient`s motor activity, respiratory function, 
SpO

2
, NIBD, and consciousness, and is designed to assess patient recovery. The total score 
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is 10. Patients scoring > 9 or meeting the pre-procedure score were considered ready for 
discharge.
Patients were finally declared ready for discharge if they were awake with stable 
haemodynamics and without side effects (nausea), and able to walk around without 
assistance.
A follow-up telephone call was made on the next day. Patients were asked about their 
global satisfaction with the procedure (part 2 PSSI) and about their willingness to undergo 
colonoscopy with the same sedation regimen again if required.

Statistics

With a true difference between two groups of 0.5 on the 7-point satisfaction scores and a 
standard deviation of 1 (based on the literature), 11 a sample size of 54 subjects per group 
was necessary to demonstrate a statistical significance for global patient satisfaction at an 
alpha of 0.05 and a 1 - beta of 0.8. Concerning a dropout rate of 10%, the estimated sample 
size was 180 patients.
Statistical analyses were performed using PASW statistics (version 18.0). All data had been 
checked for normal distribution using the Kolmogorov–Smirnov test. The three groups 
were compared using an ANOVA or Kruska–Wallis with a step-down post hoc adjustment, 
or a   Mann–Whitney U test (for differences between two groups), where appropriate. Data 
are presented as mean ± SD or median/25/75 percentile. P<0.05 was considered statistically 
significant.

RESULTS

The three groups did not significantly differ in baseline demographics and clinical features 
regarding gender, age, length, weight, body mass index, smoking, and drinking habits 
(Table 1).
Before the procedure, patients in all groups reported similar expectations regarding pain: 
group M expected mean (SD) of 4.1±2.6 NRS points, group A of 4.1±2.4, and group P of 
4.1±2.6.
All colonoscopy procedures were completed without adverse events and the final 
endoscopic diagnosis showed no significant differences between groups (data not shown). 
Duration of the endoscopic procedures (mean (SD)) was 38±13 min with no significant 
differences   between groups.
Patients in group M received mean (SD) 3.9±1.5 mg midazolam and 67±29 μg fentanyl, 
in group A 1203±468 μg alfentanil was used, and in group P 232±127 μg alfentanil and 
442±177 mg propofol was given.
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Table 1.   Patient demographics

Patient demographics Midazolam/fentanyl Alfentanil Propofol/alfentanil

Gender (male/female) 30/30 32/28 25/35

ASA

I 16 (27%) 17 (28%) 19 (32%)

II 35 (59%) 30 (50%) 29 (48%)

III 9 (15%) 13 (22%) 12 (20%)

Age

18-70 y 11 (18%) 9 (15%) 8 (13%)

>70 y 6 (10%) 6 (10%) 10 (17%)

Height (cm) 173+9 172+13 172+11

Weight (kg) 77+16 84+22 79+15

BMI (kg/m2) 26+5 27+5 27+6

Smoker

Never 46 (77%) 49 (82%) 49 (82%)

< 5/day 3 (5%) 5 (8%) 1 (2%)

>5/day 11 (18%) 6 (10% 10 (17%)

Alcohol

Never 23(38%) 28 (47%) 32 (53%)

< 2 E/day 26 (43%) 16 (27%) 25 (42%)

>2 E/day 11 (18%) 16 (27%) 3 (5%)

Data are expressed as mean±SD (weight, BMI, and height) of all patients in each group. BMI < 18.5 = low weight, 
18.5–24.9 = normal limits of weight, 25–29.9 = obesity, * p < 0.05. ASA classification according American Society 
of Anesthesiologists

Patient satisfaction

Patient satisfaction with the procedure was high in all groups. Most patients were ‘‘satisfied’’ 
(value ‘‘2’’ PSSI). In addition, patients in group P were significantly more often satisfied 
(median 1.75) with the entire procedure than patients in group M (median 2.25, p<0.001) 
and A (median 2.25, p<0.001; Figure 1a).
Regarding ‘‘overall negative side effects’’, no differences between groups were seen. 
However, when the item ‘‘side effects’’ was subdivided in a more detailed manner, significant 
differences between the groups became obvious (Table 2). Patients in group P complained 
significantly less about nausea (p<0.007) than patients in group M.
Trieger test was not significant different between the three groups (mean+SD)(midazolam 
2±4.7, alfentanil 1±2.6, and propofol 2±3.6). Nevertheless, patients receiving only alfentanil 
felt less drowsy, sleepy, and groggy after the procedure and scored significantly better at 
‘‘length of time, you felt the effects of sedation’’ (p<0.04) and ‘‘ability, to think clearly’’ compared 
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with midazolam sedation (p<0.02). The higher level of alertness in group A did not result 
in patients resuming their daily life activities earlier than patients in the other two groups.
Recovery of patients in the alfentanil group was much faster (Figure 2). Ninety-three percent 
of all alfentanil patients scored 9 or more points on the Aldrete score directly after arriving 
on the recovery unit, which means that all these patients directly fulfilled discharge criteria. 
Even the score at 30 min was significantly different for the three groups. After 1 h, nearly all 
patients in all three groups met the discharge criteria.

Gastroenterologist’s experiences

Global gastroenterologist’s satisfaction varied not significantly between the three sedation 
alternatives (Figure 1b), and no significant variations in endoscopist assessment of patients’ 
cooperation level and ease of the entire procedure were observed.

Figure 1. Global satisfaction   

Figure 2. Recovery of patients
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Table 2.  PSSI, CSSI 

PSSI Midazolam/
fentanyl Alfentanil Propofol/ 

alfentanil
Global satisfaction
1. Overall patient satisfaction 2 (1/2) 2 (1/2) 1 (1/1) (M, A)a

2. Side effects 2 (1/3) 1.5 (1/3.75) 1 (1/3)

3. Pre-procedural counselling 2 (1/2) 2 (1/2) 2 (1/2)

4. Comparison with previous experience 4 (2/4) 4 (1.25/4) 2 (1/4) (M, A)b

Side effects 1.95 (1.5/2.4) 1.6 (1.3/2.2) 1.8 (1.3/2.2)

1. Drowsiness during procedure 2 (1.25/2) 2 (1/2) 1 (1/1)a

2. Abdominal discomfort 2 (1/3) 2 (2/3) 2 (2/3)

3. Nausea 1 (1/1.75) 1 (1/1) 1 (1/1)c

4. Time of sedation effects 2 (1/2) 1 (1/2)d 2 (1/2.75)

5. Drowsiness after procedure 2 (1/2) 1 (1/2)e 2 (1/3)

6. Grogginess 2 (1/2) 1 (1/2)f 2 (1/3)

7. Sleepiness 2 (1/2) 1 (1/2)g 2 (1/2.75)

8. Ability to think clearly 1 (1/2) 1 (1/1.75)h 1 (1/2)

9. Daily activities 2 (1/2.75) 2 (1/2) 2 (1/2)

CSSI
Global satisfaction
1. Overall satisfaction 2 (1/2) 2 (1/2) 2 (1/2)

2. Satisfaction with sedation 2 (1/2) 2 (1/2) 1 (1/2)h

3. Patient cooperation level 2 (1/2) 2 (1/2) 2 (1/2)

4. Ease with procedure 2 (1/2) 2 (1/2) 2 (1/2)

5. Comparison with other forms 2 (2/3) 2 (2/2.75) 1.5 (1/2)*

Recovery*
1. Rapidity of recovery 4 (2/4) 2 (2/4) 2 (1/4)i

2. Ability to communicate 2 (2/4) 1 (1/2)j 2 (1.25/4)

3. Ability to retain postoperative information 4 (2/4) 1 (1/2)k 2 (1.25/4)

4. Postprocedural side effects 2 (1/3,75) 2 (1/4) 2 (1/4)

Data: median (25 percentile/75 percentile)
PSSI Patient Satisfaction with Sedation Instrument, CSSI Clinician Satisfaction with Sedation Instrument
a Statistically significant difference compared to group M and A (p<0.001, Mann-Whitney-U Test)
b Statistically significant difference compared to group M (p<0.001) and A (p< 0.003, Mann-Whitney-U Test)
c Statistically significant difference compared to group M (p<0.007, Mann-Whitney-U Test)
d Statistically significant difference compared to group M (p<0.04, Mann-Whitney-U Test)
e Statistically significant difference compared to group M (p<0.02) and P (p<0.01, Mann-Whitney-U Test)
f Statistically significant difference compared to group M and P (p<0.003, Mann-Whitney-U Test)
g Statistically significant difference compared to group M (p<0.002) and P (p<0.01, Mann-Whitney-U Test)
h Statistically significant difference compared to group M (p<0.002, Mann-Whitney-U Test)
i Statistically significant difference compared to group M (p<0.02, Mann-Whitney-U Test)
j Statistically significant difference compared to group M and P (p<0.001, Mann-Whitney-U Test)
k Statistically significant difference compared to group M P (p< 0.05, Mann-Whitney-U Test)
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Respiratory and haemodynamic events (Table 3)

Respiratory events associated with sedation were observed in 43% patients in group M and 
47% in group P, but only 13% in group A (p<0.001). Similarly, the number of episodes with 
desaturation (n=93) was higher in patients receiving midazolam/fentanyl than in patients 
in the two other groups (group A: n=18 and group P: n=28). Patients in group A responded 
immediately, when asked during the entire procedure, whereas patients sedated with 
midazolam had to be activated verbally in a continuous manner and patients in group P 
often needed tactile stimulation (jaw thrust, chin lift).
There were more haemodynamic events in group P: 87% of patients had (mean+SD) 
4.6±4.0 hypotensive events (longer than 5 min, requiring medical intervention) per patient, 
whereas such episodes occurred less frequently in the other groups (M: 35% with 0.92±2.04 
episodes, A: 27% with 0.43±0.93 episodes each). As a result, the number of interventions 
(decreasing TCI level, phenylephrine) in group P was higher.
There was no statistical significant difference between the numbers of hypertensive 
episodes between the three groups. 

Table 3.  Events

Events Midazolam/
fentanyl Alfentanil Propofol/ 

alfentanil

Saturation <90%, etCO
2
 > 50 mmHg

Patients (p<0.05) 26 8a 28

Episodes  (p<0.05) 93 18a 28

Hypertension (+20%)

Patients (p<0.05) 7 10 3

Episodes (p<0.05) 15 17 6

Hypotension (-20%)

Patients (p<0.05) 21 15 56b

Episodes (p<0.05) 55 26 295b

Tachycardia (+20%)

Patients (p<0.05) 27 24 22

Episodes  (p<0.05) 54 45 38

Bradycardia (-20%)

Patients (p<0.05) 14 12 16

Episodes  (p<0.05) 71* 23 35

Data: absolute numbers of patients/episodes; a = Statistically significant difference compared to group M and 
P (p<0.001, Mann-Whitney-U Test); b = Statistically significant difference compared to group A (p<0.001, Mann-
Whitney-U Test) 
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DISCUSSION

In this randomised comparison of three sedation regimes, the highest patient satisfaction 
scores were recorded in patients receiving propofol. However, the majority of patients was 
satisfied with their ‘‘own’’ sedation experiences and was willing to undergo a repeated 
colonoscopy with the same form of sedation. 

Patient satisfaction 
High general satisfaction with sedation was reported by Ulmer et al.13 comparing midazolam/
fentanyl with propofol. However, in their study no difference concerning patient satisfaction 
was detected. Possible reasons could be that an experienced gastroenterologist performed 
95% of all colonoscopies in a shorter time (< 10 min) than in our study with significantly 
higher doses of midazolam (mean 7.2 mg) and fentanyl (117 μg), leading to a deeper 
sedation. This certainly could be seen as a limitation of our study. We did not use weight-
adjusted midazolam/fentanyl dosages, but opted to evaluate alfentanil and propofol/ 
alfentanil against daily used - not weight adapted - endoscopist-administered sedation 
regimen. 
Rex et al.14 studied satisfaction and willingness to come back for a repeated colonoscopy 
between two groups: the first group was sedated with midazolam/meperidine and the 
second group received sedation only if needed. Although pain scores were higher in the 
sedation as needed arm, 31 of the 34 were ‘‘very satisfied’’ and 3 were ‘‘somewhat satisfied’’. 
This means, satisfaction for the patient seems not to be dependent on the agents employed 
and pain experienced, but also on the compliance to physician recommended treatments 
and personal characteristics.15 

Gastroenterologist satisfaction 
Although young residents performed 81% of all colonoscopies, satisfaction among our 
gastroenterologists was high, independently of the sedation regimen used. During the 
procedure, the gastroenterologist experienced no differences in patients’ behaviour and 
was very satisfied with the resulting conditions for performing colonoscopy. 

Respiratory and haemodynamic events 
Forty-six percent of all patients receiving midazolam, 47% of the patients with propofol, but 
only 13% of the alfentanil patients experienced at least one respiratory event. A significant 
number of patients receiving propofol had at least one hypotensive event (P=87%, M=37%, 
A=27%). 
Although we defined all these events as problems, their clinical impact is not really known.16 
Furthermore, it is difficult to speculate whether these respiratory or haemodynamic 
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episodes would have caused major problems concerning morbidity and mortality, if they 
had not immediately been detected and treated. Nevertheless, the objective of any form of 
sedation should be, to avoid even these incidents and to reduce side effects to a minimum, 
since every adverse side effect has the potential to result in serious complications. 
Aside from this, some other differences between the three sedation regimens merit 
further discussion. First, propofol/alfentanil sedation easily can turn from conscious to 
deep sedation — with respiratory and haemodynamic problems. Titrating alfentanil or 
midazolam/fentanyl, our endoscopy nurses tried to avoid this situation. Higher doses of 
these three substances would certainly have caused more cardiopulmonary events, even 
within these two groups. 
Second, the sample size of our study is not large enough to detect statistically significant 
differences in safety indicators between the three different sedation regimens. On the other 
hand, this is the first prospective study in which all cardiorespiratory data were continuously 
monitored by a clinically naive student observer with a video system. 
Cote et al.17 focused on the incidence of respiratory and haemodynamic complications in a 
group of 799 patients sedated with propofol by a trained anaesthesia nurse for endoscopic 
procedures. In this study, hypoxaemia occurred in 12.8% of the patients. In 14.4% of cases, 
airway management was necessary to prevent hypoxaemia. The higher percentage of 
respiratory incidents in our trial might be due to the fact that we not only summed all 
desaturation events, but also counted hypercapnic and hypopnoic episodes. We defined 
hypercapnia as etCO

2
 above 50 mmHg. Certainly, this raises the question whether 50 

mmHg is a clinically relevant threshold to define hypoventilation, or whether it is too strict 
in the setting of sedation. 
The only study addressing the use of alfentanil for colonoscopies as a single drug to date 
was performed by Di Palma et al.18 The authors compared 13 patients receiving alfentanil 
with 11 midazolam-/alfentanil- and 11 meperidine-/midazolam-treated patients. Using 
alfentanil only was associated with a lower requirement for oxygen supplementation in 
response to desaturation (8 vs. 55% with alfentanil/midazolam and 27% with meperidine/
midazolam). Usta et al.19 compared patient-controlled analgesia (PCA) with alfentanil versus 
fentanyl for colonoscopies — both combined with a small dose of midazolam and an initial 
bolus of 500 μg alfentanil. Adverse cardiopulmonary events were found in 7% (group A) 
and 12% (group F) of patients. 
There are several publications emphasising the safety of propofol administration.20,21 
However, many of these studies have serious limitations: the reliability of the data 
depended on self-reporting from different centres with different monitoring methods and 
documentation (or a lack thereof). 
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CONCLUSIONS 

The results of this comparison of three sedation regimens for colonoscopy suggest that 
conscious sedation only with alfentanil — even administered by endoscopy nurses without 
anaesthesia participation - could be an alternative, even in the setting of a teaching hospital. 
It results in similar patients and endoscopists` satisfaction and facilitates a rapid recovery 
with less frequent respiratory events.
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SUMMARY

Dexmedetomidine is a selective α
2
-agonist, which since June 2011 has been approved for 

ICU sedation of adult patients in the Netherlands. Dexmedetomidine provides sedation, 
analgesia, and anxiolysis. Patients are sedated, but remain arousable to verbal stimulation.
Dexmedetomidine is with its half-life of 2 hours suitable for perioperative use and even 
procedural sedation. In contrast to other sedatives, dexmedetomidine shows less respiratory 
depression. It increases the activity of opiates, benzodiazepines and other sedatives, and 
could therefore impair side effects. Recent studies have shown that dexmedetomidine 
even has neuroprotective properties. Dexmedetomidine in children is used off-label but 
with good results.
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INTRODUCTION

The interest in the role of α
2
-agonists in anaesthesia and intensive care has grown 

continuously over the past few years. Α
2
-agonists show a wide range of effects including 

sedative, anaesthetic-sparing, analgesic, and sympatholytic properties.
In Europe clonidine is often used as pure α

2
-agonist. In America, Asia, the Middle East, Japan, 

and Australia dexmedetomidine has been used since 1999 as α
2
-agonist for sedation of 

adults in the ICU and during procedural sedations and intraoperative procedures. In June 
2011, dexmedetomidine (as Dexdor) was also approved by the European Medicine Agency 
(EMA) for sedation of adult ICU patients where it is necessary that sedated patients respond 
purposefully to verbal commands.1-4

Α2-agonists

The first α
2
-agonists were sold in the early sixties as spray for nasal congestion. However, this 

preparation was quickly taken off the market due to its adverse side effects (hypotension 
and prolonged sedation). In 1966, the same agent, now known as clonidine, had a revival as 
antihypertensive agent. Over the years, more and more new indications were added, e.g., 
treatment of alcohol and drugs withdrawal, adjuvant medication in myocardial ischaemia, 
pain treatment, and intrathecal applications. Dexmedetomidine had been extensively 
used in veterinary medicine for sedation and analgesia, before it was registered in 1999 for 
sedation in humans.

Pharmacodynamics

A long time, clonidine has been the only α
2
-agonist used in clinical practice. The application 

field of α
2
-agonists significantly expanded with the arrival of dexmedetomidine (Table 1). The 

elimination half-life (T
1/2

)
 
of only 2 hours in contrast to clonidine (T

1/2 
= 8 hours) contributes 

to this development. Dexmedetomidine has a α
1
:α

2
 selectivity of 1:1620 compared with 

1:220 for clonidine. It is more selective for α
2
A-receptors and has less affinity with the 

imidazoline receptor.3 Bradycardia and hypotension remain - even with dexmedetomidine 
- the major side effects. After a bolus of 1 μg/kg dexmedetomidine, blood pressure will 
initially rise by activation of the peripheral α

2
B-receptors in the vascular wall. Heart rate will 

decline as a reflex. This is more pronounced in younger patients. This first response lasts 5-10 
minutes, then blood pressure and heart rate will stabilise 10-20% below the baseline values. 
Hypotension and bradycardia seldom require intervention. In patients with a precarious 
haemodynamic balance, it is wise to avoid a bolus of dexmedetomidine and to treat the 
expected hypotension preventively. For patients with uncontrolled hypotension or advanced 
AV-block (grade 2 or 3), dexmedetomidine is contraindicated. Compared with clonidine, 
the rebound hypertension after abrupt withdrawal of dexmedetomidine is not seen. 
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Table 1. Pharmacology of dexmedetomidine and clonidine

Dexmedetomidine Clonidine

α
2
:α

1
    1620:1 α

2
:α

1
    220:1

α
2
A-receptor Imidazole-receptor

T 
1/2

  = 2 h T 
1/2    

= 8 h

Intravenous, intramuscular Intravenous, intrathecal, oral

No rebound effect Rebound effect

Pharmacokinetics
Dexmedetomidine has a distribution half-life of 6 minutes and an elimination half-life 
of approximately 2 hours. Even with prolonged treatment, no accumulation is seen. 
Dexmedetomidine is for 94% bound to plasma proteins and is almost completely 
degraded by the liver. The various metabolites have negligible pharmacological activity 
and are excreted by the kidneys for 95% and for 4% via faeces. Less than 1% is eliminated 
unmetabolised in the urine. It should be considered to reduce the starting dose for 
patients with hepatic impairment. Patients with renal impairment do not show altered 
pharmacokinetics compared to healthy subjects. No significant pharmacokinetic differences 
are observed based on age or gender.

Receptors
Α

2
-receptors are located pre-, extra-, and postsynaptic (Figure 1). They are found in the 

peripheral and central nervous system, on platelets and various organs such as the liver, 
pancreas, kidneys, and eyes. The presynaptic α

2
-receptors appear clinically more relevant. 

They regulate the release of norepinephrine and ATP via a negative feedback mechanism. 
Α

2
-receptors are G-protein coupled: stimulation of the receptor leads to activation of various 

G-proteins. These proteins initiate an enzyme cascade that finally leads to the inhibition of 
the calcium-entry into the nerve endings with a reduced release of norepinephrine. Aside, 
G-proteins adapt via a second-messenger system ion channels, thereby inducing an efflux 
of potassium ions. This allows for a hyperpolarisation of the cell membrane. In summary, 
activation of α

2
-receptors diminishes the release of noradrenaline and inhibits neuronal 

activity.5

Mechanism of action
The desired effects of α

2
-agonists are sedation, anxiolysis, and analgesia. These effects are 

mediated via different receptors. There are also (unwanted) central and peripheral side 
effects. The receptors are divided into α

2
A-, α

2
B- and α

2
C-receptors triggering analgesic, 

vasoconstrictive, and anxiolytic effects mainly due to the location of the different receptors 
in the body.

14745_SEberl_BW.indd   102 25-07-17   12:44



103

DEXMEDETOMIDINE. A SUMMARY

8

Sedation

One of the highest concentrations of α
2
A-receptors is found in the locus coeruleus (Figure 

2). This core is located bilaterally in the upper part of the brain stem. Here lies a major centre 
for the natural sleeping patron. Inhibition of noradrenergic activity in the locus coeruleus 
creates an increase of the GABA and galanin in the brain. These inhibitory neurotransmitters 
provide a central decrease of histamine secretion. Less occupation of histamine receptors in 
subcortical areas leads to the state of hypnosis.6

Figure 1. α
2
-receptor (picture by courtesy of Ron Slagter)

Α
2
-receptors are located pre-, extra-, and postsynaptic. Presynaptic α2-receptors inhibits noradrenaline release, 

postsynaptic α2-receptors influence effects on target tissue. 

Figure 2. Locus coeruleus (picture by courtesy of Ron Slagter)
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Analgesia

A
2
-agonists have spinal and supraspinal analgesic effects. Spinal effects stimulate receptors 

in the dorsal horn, which results in inhibition of the firing of nociceptive neurons and reduces 
the secretion of the nociceptive neurotransmitter substance P. Supraspinal effects are 
located in the locus coeruleus. Here, the α

2
-noradrenergic and the opioid system have the 

same effector systems. But if only mild to moderate sedation is desired, dexmedetomidine 
will not provide adequate analgesia counteracting strong and acute pain stimuli. That 
means that another analgesic must to be added.

Anxiolysis

A
2
-agonists can achieve a comparable anxiolysis with benzodiazepines without respiratory 

depression. 

Central nervous system

Dexmedetomidine has a minor effect on the intracranial pressure. It lowers cerebral 
blood flow during anaesthesia in combination with isoflurane in animal models without 
inducing global ischaemia. Recent studies could even show neuroprotective properties 
of dexmedetomidine. In neonatal rat models, dexmedetomidine reduces neurotoxicity 
induced by isoflurane. This effect is attributed to a mechanism that is not mediated via 
α

2
-receptors. The assumption is that dexmedetomidine increases the expression of growth 

factors such as epidermal growth factor (EGF) and brain-derived neurotropic factors 
(BDNF), which on their part cause the neuroprotective effect. At the moment, there are 
no evidenced based data that dexmedetomidine should be used in acute cerebrovascular 
threatening situations.
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Systemic effects (Figure 3)

Figure 3. Physiology of target organs of dexmedetomidine (picture by courtesy of Ron Slagter)

Dexmedetomidine decreases tachycardic and increases bradycardic episodes in the heart, induces vasoconstriction 
and vasodilatation, and has an anti-shivering and diuretic effect.

Cardiovascular

The period of hypertension, directly after the bolus administration of an α
2
-agonist, is due to 

the activation of peripheral α
2B

-receptors and α
1
-receptors in the vascular wall. Subsequently, 

injection of a α
2
-agonist is followed by a longer lasting period of hypotension and bradycardia 

- due to the central inhibition of the sympathetic activity and at the same time an increase 
in parasympathetic activity. The exact mechanism behind these haemodynamic changes 
is not known yet. Probably, the imidazole ring – part of both molecules, dexmedetomidine 
and clonidine - is an important factor. Imidazoline receptors in the brain receive signals 
from baroreceptors in the carotid artery and the aorta. Their activation causes a centrally 
induced hypotension and anti-arrhythmic effect.
α

2
-agonists do not have direct myocardial effects. Due to the reduced sympathicotonus 

and activation of the parasympathetic nervous system, reduction of heart rate, metabolism, 
contractility, and systemic vascular resistance is induced and thus myocardial O

2
-

requirements reduced. This explains the role of clonidine in the treatment of angina pectoris. 
Theoretically, activation of α

2
-receptors could induce coronary vasoconstriction, but due to 
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the simultaneous release of NO from the coronary endothelium after α
2
-stimulation, this 

effect is not clinically relevant.

Respiratory

Dexmedetomidine shows no significant effect on hypercapnic or hypoxic respiratory drive 
and displays less respiratory depression than other sedatives. However, administration of 
opiates, hypnotics, and other sedatives can intensify the positive effects of dexmedetomidine 
but also induce negative side effects such as respiratory depression.

Renal

Dexmedetomidine inhibits the release of renin, increases glomerular filtration rate 
and excretion of sodium and water, and induces an increased diuresis. It seems that 
dexmedetomidine has the potential to reduce perioperatively ischaemia-reperfusion injury. 

Gastrointestinal

Α
2
-agonists inhibit the secretion of water and increase the net absorption in the large 

intestine. Due to this characteristic, clonidine has even been used in the treatment of 
diarrhoea. Production of saliva is also reduced. This can clinically lead to a dry mouth.

Platelets

Α
2 
-agonists can – comparable with adrenaline - stimulate the activation of platelets. For that 

purpose, a high dose of dexmedetomidine is needed. However, since the normal dosage 
of dexmedetomidine decreases the plasma concentration of adrenaline and activates nitric 
oxide release, finally a decrease of platelet aggregation is induced.

Applications

ICU

Sedation for ICU patients was the first approved application of dexmedetomidine. 
Especially for patients in whom a RASS score of 0 to -3 (mild to moderate sedation) is 
pursued, dexmedetomidine has an attractive sedation profile. It provides an adequate level 
of sedation, where patients remain arousable to verbal stimulation without respiratory 
depression. This enables an easier weaning process and a significantly shorter period of time 
to extubation compared with midazolam (3.7 vs. 5.6 days). This was demonstrated in the 
SEDCOM study.7 Patients were treated with a loading dose of 1 μg/kg dexmedetomidine 
within 10 min and a continuous maintenance infusion of 1.4 μg/kg/h (EMA approved 
dosage) of dexmedetomidine compared with a continuous infusion of midazolam for up 
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to two weeks. The researchers found no significant difference between both groups in the 
achieved RASS score (between +1 and -2), length of stay on the ICU, and 30-day mortality. In 
contrast, the incidence of delirium in the dexmedetomidine group was 54%, and compared 
with 77% in the midazolam treated patients significantly lower. 
The number of tachycardic and hypertensive episodes decreased during treatment with 
dexmedetomidine, however with increased number of bradycardic events. 
An open-label study of Maldonado et al.8 showed a significant decrease in the incidence 
of post-operative delirium in ICU patients after heart valve surgery. Patients sedated 
with propofol or midazolam showed in 50% a delirium compared with 3% in the 
dexmedetomidine group. This can be explained either due to the specific sedation profile 
of dexmedetomidine or its characteristic to enable the reduction of other drugs that can 
potentially trigger delirium. In the MENDS9 trial, 106 intubated and ventilated patients were 
sedated with dexmedetomidine or lorazepam. Patients in the dexmedetomidine group 
had significantly more days without delirium or coma than those in the lorazepam group. 
Coma was defined as a RASS of -4 or-5 (Table 2). In addition, the total percentage of the 
time with an adequate RASS was higher in the dexmedetomidine group. To treat pain, both 
groups could be given fentanyl. The incidence of fentanyl injections was significantly lower 
in the lorazepam group. The authors discuss as a possible explanation that patients sedated 
with dexmedetomidine can specify pain more appropriately. Important to know: both trials 
(SEDCOM and MENDS) were sponsored by industry.

Table 2. Richmond Agitation and Sedation Scale (RASS)

Score Rating Description

+4 Combative Violent, immediate danger to self and staff

+3 Very agitated Aggressive, removes devices, tubes, catheters

+2 Agitated Ventilator dys-synchrony, frequent non-purposeful movement

+1 Restless Anxious but no aggressive movements

0 Alert and calm

−1 Drowsy Sustained eye opening and eye contact to voice (> 10 s) but not fully alert

−2 Light sedation Brief eye opening and eye contact to voice (< 10 s)

−3 Moderate sedation Movement or eye opening to voice but no eye contact

−4 Deep sedation No response to voice, but movement or eye opening in response to physical 
stimulation

−5 Un-arousable No response to voice or physical stimulation
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Perioperative use

Dexmedetomidine has the potential to gain a place in the perioperative setting. Its sedative, 
analgesic, and anxiolytic effects make it a suitable agent for premedication.
An anticipated difficult airway necessitates an awake fiberoptic intubation. To minimise 
stressful moments for the patient, sedation offers a most welcome support. However, it is 
important to keep the patient cooperative and spontaneously breathing. Dexmedetomidine 
can meet this requirement in contrast to other sedatives and additionally provide a 
reduction of salivation.
During awake craniotomies an active participation of the patient in surgery is necessary and 
expected. Tanskanen et al.10 showed that awakening, extubation, and obtaining of adequate 
spontaneous breathing is reached more quickly with dexmedetomidine in comparison 
with fentanyl. Patients indeed were sedated but respond adequately.
During the postoperative phase, dexmedetomidine can reduce the necessary amount of 
opioids. Especially with patients at risk for a compromised airway, dexmedetomidine may 
play an important role.

Procedural Sedation

The demand for sedation support during minimal invasive procedures is continuously 
growing. Most hospitals have specific protocols for sedation during colonoscopies, 
gastroscopies, and ERCP’s. Medication varies from midazolam to propofol, often combined 
with an opiate; sedation is often administered by specially trained anaesthesia nurses for 
procedural sedation (PSA). The on-going question is whether dexmedetomidine also could 
play a role in procedural sedation.
Till now, a number of small studies had been performed studying endoscopist`s and 
patients satisfaction. For sedation during procedures that are unpleasant but not painful, 
dexmedetomidine certainly has a value. Patients are more cooperative, less retching, and 
afterwards just as satisfied as patients who received midazolam. Also, the endoscopist is 
more satisfied with patients of the dexmedetomidine group.11 Painful procedures such as 
colonoscopies often necessitate opiates as rescue medication and longer recovery times 
due to hypotension and bradycardia. In addition, for the acute colic pain during ERCP’s, 
dexmedetomidine has not sufficient analgesic effect. The same is shown in healthy 
volunteers: dexmedetomidine has no effect on experimental acute pain.12

Future

For paediatric sedation, dexmedetomidine is still used off-label. Nevertheless, it seems 
to be a welcome addition to standard used sedatives. During MRI, children sedated with 
dexmedetomidine remained calmer compared to midazolam, and recovered faster in 
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comparison to propofol.13 There is not sufficient experience in the paediatric population to 
ensure safety and efficacy, but dexmedetomidine appears to have a similar pharmacological 
profile in children as in adults. Currently, only one dexmedetomidine solution for intravenous 
usage is available, but the future could be nasal or buccal administration.  
A further look into the future could be the introduction of an α

2
-antagonist in daily practice. 

Atipamezole14 is a selective α
2
-antagonist with a half-life of about 2 hours. It has been 

used in veterinary medicine already for a long time to antagonise the central effects of 
dexmedetomidine, but is still in phase 1 trials in humans. 
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ABSTRACT

Background: Dexmedetomidine possesses anxiolytic and hypnotic properties without 
respiratory side effects, making it theoretically an ideal sedative agent for endoscopic 
procedures.

Objective: We aimed to compare satisfaction and safety among outpatients receiving 
sedation with dexmedetomidine or propofol for endoscopic oesophageal procedures.

Design: A randomised controlled study.

Setting: Endoscopic intervention suite at the Academic Medical Centre in Amsterdam, the 
Netherlands.

Participants: Patients aged at least 18 years, and American Society of Anesthesiologists’ 
physical status 1 to 3.

Intervention: Total 63 patients were randomised to receive either dexmedetomidine (D) or 
propofol (P). Pain was treated with alfentanil in both groups.

Main Outcome Measures: The primary outcome was patients’ and endoscopists’ satisfaction 
levels measured by validated questionnaires (1 = very dissatisfied; 7 = highly satisfied). 
Secondary outcome was safety determined by blood pressure, heart rate and oxygen 
saturation during and after the procedure, respiratory rate and non-invasive cardiac output 
during the procedure.

Results: Satisfaction of patients [median (IQR); group D, 5.0 (3.75 to 5.75) vs. group P, 6.25 
(5.3 to 6.5)] and satisfaction of gastroenterologists [group D, 5.0 (4.4 to 5.8) vs. group P, 
6.0 (5.4 to 6.0)] were lower in group D (both p<0.001). More patients in group D would 
not recommend this form of sedation to one of their friends (group D, 15 of 32 vs. group 
P, 1 of 31; p<0.001). Total 30 min after the procedure, heart rate [group D, 60 bpm (52 to 
69) vs. group P, 70 bpm (60 to 81), p<0.031] and SBP group D, 112 mmHg (92 to 132) vs. 
group P, 120 mmHg (108 to 132); p<0.013] were significantly lower after dexmedetomidine 
sedation. There were no other differences in safety between groups.

Conclusion: Sedation with dexmedetomidine caused less satisfaction than did propofol, and 
caused prolonged haemodynamic depression after endoscopic oesophageal procedures.
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INTRODUCTION

Dexmedetomidine is a short-acting selective post-synaptic α
2
-agonists with anxiolytic 

and hypnotic properties.1,2 Patients receiving dexmedetomidine seem to be in a hypnotic 
state but are easily arousable by verbal or tactile stimuli. Dexmedetomidine also decreases 
requirements for other anaesthetics and analgesics and provides a diminished sympathetic 
response to stress, leading finally to haemodynamic stability with no clinically important 
respiratory side effects. However, sympatholysis can cause hypotension and bradycardia. 
Dexmedetomidine seems to be an alternative option for sedation during endoscopic 
outpatient procedures.
Propofol is a powerful sedative that has gained the role as the ‘gold standard’ for moderate 
to deep procedural sedation because of its rapid onset and termination of action, and 
the high level of satisfaction achieved among patients and gastroenterologists. Its most 
important disadvantage is the risk of a rapid change from conscious to deep sedation with 
the possibility of respiratory depression or airway obstruction leading to hypoxaemia and 
cardiovascular depression.3,4

Several trials have compared dexmedetomidine sedation with propofol in various 
procedures with contradictory results.5,6 No study has previously investigated these two 
drugs in the setting of endoscopic oesophageal procedures under conscious sedation. The 
primary aim of the current study was to estimate satisfaction of patients and endoscopists 
associated with endoscopic oesophageal procedures conducted during sedation with 
dexmedetomidine or propofol. As a secondary outcome, we estimated safety of sedation 
with regard to haemodynamic and respiratory effects.

METHODS

Ethical approval was obtained from the Medical Ethics Committee of the Academic Medical 
Centre (AMC), Amsterdam, the Netherlands (Chairperson Dr. M. Trip) (NL36861.018.11) on 
12 January 2012.
All authors had access to the study data and reviewed and approved the final article.
A randomised controlled trial was performed. In the AMC, endoscopic oesophageal 
procedures are routinely performed by two experienced endoscopists on Mondays and 
Fridays in one intervention suite at the Department of Gastroenterology and Hepatology. 
During the period between July 2012 and August 2013, all included patients were submitted 
to either dexmedetomidine or propofol sedation 1:1 by random computer selection. The 
study flow chart is shown in Figure 1.
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Figure 1. Study flow chart

Our study focussed on elective endoscopic oesophageal procedures for treatment of 
Barrett’s oesophagus (mapping, endoscopic resection and radiofrequency ablation).
Endoscopic resection of the mucosa is the cornerstone of endoscopic Barrett’s therapy, 
allowing curative removal and histological staging of neoplasia. Radiofrequency ablation 
is used to eradicate all intestinal metaplasia to prevent recurrences. All these procedures 
require easily arousable, conscious sedation.
All parties concerned (patient, endoscopist, endoscope nurse and independent investigator) 
with the exception of the specialised anaesthesia nurse who administered the sedation 
were blinded to the drug employed, as previously published in the study protocol.7

Patients scheduled for an elective endoscopic oesophageal procedure were considered 
for participation. Inclusion criteria were age at least 18 years, American Society of 
Anesthesiologists’ physical status 1 to 3, and provision of informed consent. Exclusion 
criteria were known allergic reaction to planned medication, SBP less than 80 mmHg, heart 
rate (HR) less than 50 bpm, ejection fraction less than 30%, estimated glomerular filtration 
rate less than 15 ml/min or impaired liver function (Child–Pugh Class A, B or C).
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Endoscopic procedure and monitoring
No premedication was provided. An intravenous cannula was inserted, and 500 ml of 0.9% 
saline was infused, followed by administration of glycopyrolate 0.2 mg and lignocaine 50 
mg. Five minutes before insertion of the endoscope, the pharynx was sprayed with 10% 
lignocaine spray (Xylocaine 10%, Astra, the Netherlands).
During the procedure, oxygen was administered by nasal cannula at a flow rate of 2 l/min 
and patients were constantly monitored for HR, oxygen saturation (SpO

2
), ECG and exhaled 

carbon dioxide concentration, and non-invasive blood pressure (NIBP) were measured 
at 5-min intervals. Non-invasive cardiac output (NICO) was measured continuously using 
Nexfin technology (Edwards Lifesciences, Irvine, California, USA), and stroke volume (SV) 
and systemic vascular resistance (SVR) were estimated. The Nexfin system provides beat-to-
beat, continuous NIBP by measuring finger arterial pressure with a small cuff, thus without 
the need for arterial cannulation. The resulting blood pressure (BP) waveform is used as the 
basis for the estimation of continuous NICO.
After the procedure, monitoring during recovery was limited to SpO

2
, ECG and NIBP. 

Recovery from anaesthesia and the return of psychomotor fitness were assessed using 
the modified Aldrete Score8 on arrival in the recovery room and 30 and 60 min after 
termination of the endoscopic procedure. This score is designed to assess patient recovery 
and describes the patient’s motor activity, mechanical respiratory function, SpO

2
, BP, and 

consciousness. The total score is 10. Patients had to stay for at least 2 h in the recovery 
room although virtually ‘ready for discharge’ was declared when an Aldrete Score at least 9 
or similar to the preprocedural score was achieved. Patients had to be capable of walking 
without assistance before discharge.

Sedative intervention
Special sedation anaesthesia nurses (with an anaesthesiologist as back-up) were responsible 
for sedation. Patients in group D were treated with dexmedetomidine (Dexdor: Orion 
corporation, Finland). Owing to the absence of precise pharmacokinetic/pharmacodynamic 
models for a dexmedetomidine target controlled infusion (TCI) system, we used the dosage 
recommended by the Food and Drug Administration for bolus and continuous sedation 
with dexmedetomidine. We started with a loading dose of 1 mg/kg of dexmedetomidine 
intravenously over 10 min followed by a maintenance rate of 0.7 to 1 mg/kg/h continued 
throughout the procedure. In patients aged more than 65 years, the loading dose was 
reduced to 0.5 mg/kg.5 Patients in group P received the routine AMC sedation regimen 
using a propofol TCI system (Propofol 1% MCT Fresenius, Germany), starting with a targeted 
plasma concentration of 2.0 mg/ml.
Before the endoscopic procedure started, patients were assessed for level of sedation using 
the observer’s assessment of alertness/sedation scale (OAA/S) yielding a score between 2 and 
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4, referring to the patient’s maximal lethargic response to their name spoken in normal tone.5

When OAA/S was more than 4, that is the patient was too alert or agitated to tolerate the 
procedure, additional sedation was provided with an additional bolus dose of propofol 20 
mg (group D) or a step up of the propofol TCI (group P).
Pain score was assessed by the behavioural pain scale for nonintubated patients (BPS-NI).9 
Behavioural pain scale for nonintubated patients at least 7 were given an intravenous dose 
of alfentanil 100 μg.

Outcome assessment
Before discharge and on the first day after the procedure (by telephone call), patients 
were asked to answer the two different parts of a questionnaire modified from the patient 
satisfaction with sedation instrument (PSSI).10 Directly after the procedure, the endoscopist 
was asked to rate his satisfaction using the clinical satisfaction with sedation instrument 
(CSSI).10 The complete PSSI includes 20 single questions added together to achieve four 
subscores which describe patients’ satisfaction. The CSSI contains 21 questions compiled 
into three subscores to describe endoscopists’ satisfaction. We focused on the PSSI subscores 
for global satisfaction, procedural recall, and sedation side effects and within the CSSI to the 
corresponding issues among gastroenterologists: global satisfaction and recovery. Patients 
and endoscopists were asked to rate their satisfaction or dissatisfaction with the procedure 
ranging from 1 = very dissatisfied to 7  = highly satisfied. Patients were also asked, if they 
would recommend the sedation regimen which they had received to a friend.
Secondary outcome was safety assessed by BP, HR, and SpO

2
 during and after the procedure, 

and respiratory rate and non-invasive cardiac output during the procedure. Bradycardia 
during and after the procedure was defined as HR 20% lower than baseline.

Statistical methods
Sample size calculation was based on patient global satisfaction measured by the validated 
PSSI questionnaire.10 Within this questionnaire, the maximum number of points awarded is 
7 ranging from 1 to 7. With a true difference of the mean of at least 0.5 points between two 
groups, a sample size of 31 study participants with a dropout rate of 20% per group was 
necessary to demonstrate a statistical significance for global patient satisfaction with a α of 
0.05 and 1- β of 80% with an anticipated effect size (Cohen’s d) of 0.8.11

Statistical analyses were performed using the Statistical Package for Social Sciences (SPSS) 
software version 22.0 (SPSS Inc., Chicago, Illinois, US). All data were checked for normal 
distribution using the Kolmogorov–Smirnov test and histograms. For normally distributed, 
continuous variables, an independent Student’s t-test was used and the variables are 
presented as mean ± SD. A p-value <0.05 was considered statistically significant. For 
categorical variables, cross tabulation and the Pearson’s x2 test were applied and variables 
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were allegorised as number and/or percentage of the total. Nonnormally distributed data 
were compared using the Mann–Whitney U-test where appropriate, and data are presented 
as median (IQR). To compare measurements of HR, BP, SV, cardiac output, and SVR between 
groups, the area under the curve (AUC) for each value was calculated over the different 
measurement time points during the procedure. The difference between the AUCs for the 
different groups was tested for statistical significance using the Students t-test, because the 
AUC values were normally distributed.

RESULTS

In total, 102 patients were eligible for enrolment, but 39 patients declined to participate.   
The remaining 63 patients were allocated randomly to receive either dexmedetomidine 
(group D, n=32) or propofol (group P, n=31).  The groups were comparable in respect of 
demographic characteristics (Table 1) and endoscopic procedures, including the indication 
for endoscopy, type and length of procedure, and results of pathology.

Table 1. Patients’ characteristics including: Gender, age, ASA, BMI, heart disease, lung disease, and 
diabetes

Dexmedetomidine Propofol

Gender (female/male) 3 (10%)/28 (90%) 9 (29%)/22 (71%)

Age

18-65y 16 (52%) 12 (37%)

>65-80y 14 (45%) 14 (44%)

>80y 1 (3%) 6 (19%)

ASA

1 10 (32%) 6 (19%)

2 20 (65%) 23 (72%)

3 1 (3%) 3 (9%)

BMI (mean (SD)) 26 (3) 27 (5)

Heart disease/ Hypertension

No 21 (71%) 23 (72%)

Yes 7 (23%) 4 (13%)

Serious 2 (6%) 5 (15%)

Lung disease

No 26 (84%) 22 (69%)

Yes 4 (13%) 9 (28%)

Serious 1 (3%) 1 (3%)

Diabetes

No 30 (97%) 28 (87%)

Yes 1 (3%) 4 (13%)

14745_SEberl_BW.indd   117 25-07-17   12:44



118

Chapter 9

Patients in group D received dexmedetomidine 136±86 mg (4.3±3 mg/min) and alfentanil 
302±324 μg (8±5 μg/min). Patients in group P received propofol 380±232 mg (16±11 
mg/min) and alfentanil 259±265 μg (10±8 μg/min). There was no significant difference in 
alfentanil consumption (p<0.57) or pain experience (p<0.29) during the procedure.
Among the patients receiving dexmedetomidine, all but one required additional (5±4) 
doses of propofol, and in one patient the dexmedetomidine infusion was discontinued and 
propofol TCI started because of persistent, new-onset brady-dysrhythmia with HR less than 
50 bpm. This patient was excluded from the final analysis.
Global satisfaction among patients [group D, 5.0 (3.75 to 5.75) vs. group P, 6.25 (5.3 to 
6.5)] was significantly lower after dexmedetomidine sedation (p<0.001) (Table 2). After 
sedation with dexmedetomidine, significantly more patients indicated that they would not 
recommend this form of sedation to one of their friends (group D, 15 of 32 vs. group P, 1 
of 31, p<0.001). Global satisfaction among gastroenterologists [group D, 5.0 (4.4 to 5.8) vs. 
group P, 6.0 (5.4 to 6.0)] was significantly lower after dexmedetomidine sedation (p<0.001) 
(Table 3).

Table 2. Patient Satisfaction with Sedation Instrument Score (PSSI)

Dexmedetomidine Propofol

PSSI

Median  
(interquartile range)  
(1 = very dissatisfied; 
7 = highly satisfied)

Median  
(interquartile range)
(1 = very dissatisfied; 
7 = highly satisfied)

p-value

Global satisfaction 5.0 (3.75 to 5.75) 6.25 (5.3 to 6.5) p<0.001

Overall satisfaction 5.0 (3.0 to 6.0) 6.0 (6.0 to 7.0) p<0.001

Side effects 5.0 (3.0 to 6.0) 6.0 (5.25 to 7.0) p<0.004

Comparison with other forms of sedation 4.0 (2.0 to 6.0) 6.0 (4.0 to 6.75) p<0.007

Satisfaction with sed.level 6.0 (3.0 to 7.0) 7.0 (6.0 to 7.0) p<0.02

Sedation side effect 5.25 (4.1 to 6.0) 5.8 (5.33 to 6.34) p<0.007

Pain during procedure 6.0 (6.0 to 7.0) 7.0 (6.0 to 7.0) p<0.07

Nausea 7.0 (6.0 to 7.0) 6.75 (6.0 to 7.0) p<0.8

Length of time patients feel side effects 5.0 (3.0 to 6.0) 6.0 (5.0 to 7.0) p<0.005

Drowsiness after procedure 4.0 (3.0 to 6.0) 6.0 (6.0 to 7.0) p<0.001

Grogginess after procedure 4.0 (3.0 to 6.0) 6.0 (5.25 to 6.0) p<0.03

Ease of recovery 5.0 (3.0 to 6.0) 6.0 (5.0 to 6.0) p<0.02

Return to daily activities 5.0 (3.0 to 6.0) 6.0 (4.25 to 6.75) p<0.04

The AUC for HR during endoscopy was significantly smaller in group D [difference of the 
mean value over time 6.69 (1.30 to 12.07), p<0.01] and episodes of bradycardia occurred 
significantly more often in this group (group D, 107 episodes vs. group P, 13 episodes, 
p<0.001). Both dexmedetomidine and propofol induced decreases in NIBP, NICO, SV, and 
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SVR during the procedure with no significant differences between groups. Respiratory 
events were not significantly different between the two groups.
After the procedure, patients in group D had significantly lower values of HR and NIBP during 
the recovery period (Table 4). Three patients in group D with an Aldrete score at least 9 
suffered syncope between 75 and 90 min after the procedure with serious bradycardia (25, 
27 and 35 bpm) and unrecordable NIBP; all patients recovered after intravenous atropine 
0.5 mg and 500 ml 0.9% saline. 
The Aldrete scores - 30 and 60 min after the end of sedation - were significantly lower in 
group D (Figure 2).

Table 3.  Clinical Satisfaction with Sedation Instrument Score (CSSI)

Dexmedetomidine Propofol

CSSI

Median  
(interquartile range)
(1 = very dissatisfied; 
7 = highly satisfied)

Median 
(interquartile range)
(1 = very dissatisfied; 
7 = highly satisfied)

p-value

Global satisfaction 5.0 (4.4 to 5.8) 6.0 (5.4 to 6.0) p<0.001

Satisfaction with sedation 5.0 (5.0 to 6.0) 6.0 (6.0 to 6.0) p<0.001

Cooperation of patient 6.0 (5.0 to 6.0) 6.0 (5.0 to 6.0) p<0.9

Overall ease of procedure 5.0 (3.0 to 5.0) 6.0 (5.0 to 6.0) p<0.001

Comparison with other sedation forms 4.0 (3.0 to 5.0) 6.0 (5.0 to 6.0) p<0.001

Time to reach adequate sedation 3.0 (2.0 to 5.0) 6.0 (6.0 to 6.0) p<0.001

Stability of sedation level 6.0 (5.0 to 6.0) 6.0 (6.0 to 6.0) p<0.004

Table 4. Heart rate and blood pressure after procedure

Heart rate (HR) 
Blood pressure (BP sys/dia)
Mean (SD) or Median (Interquartile range)

Dexmedetomidine Propofol p-value

Basis HR 76 (14) 73 (12) n.s.

Basis BP (sys/dia) 146 (19)/82 (12) 136 (22)/81 (17) n.s.

HR 0 min 63 (10.2) 71(13.7) 0.01

HR 30 min* 60 (51.5 to 68.5) 70 (59.5 to 80.5) 0.031

BP sys 0 min 114 (18.4) 122 (24.3) n.s.

BP sys 30 min* 112 (92 to 132) 120 (108 to 132) 0.013

BP dia 0 min 66 (16.2) 72 (18.3) n.s.

BP dia 30 min* 63 (50.5 to 75.5) 70 (61 to 79) 0.027

*Not normally distributed therefore median and interquartile range are reported and the difference tested using 
Mann Whitney U
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Figure 2. Modified Aldrete scores at 0, 30 and 60 min after procedure

*P<0.05 vs. propofol. Data are median, IQR and range. Aldrete scores are minimum 0 to maximum 10. Discharge 
allowed when > 9. 

DISCUSSION

Dexmedetomidine combined with alfentanil caused less satisfaction than propofol among 
patients and endoscopists and was less safe in respect of haemodynamic effects compared 
with TCI propofol combined with alfentanil during and after endoscopic oesophageal 
procedures. Patients complained mainly about insufficient sedation during the procedure 
and a hangover of sedative side-effects (drowsiness and grogginess) after the procedure. 
Endoscopists complained about inadequately sedated patients making the procedure 
more difficult.
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Other studies have compared dexmedetomidine with midazolam during procedural 
sedation for colonoscopy and upper gastrointestinal endoscopy; dexmedetomidine was 
shown to be superior to midazolam with respect of endoscopists’ satisfaction and similar to 
midazolam with respect of endoscopists’ satisfaction and similar to midazolam with respect 
of patients` satisfaction.12,13 In contrast to the current study, satisfaction with sedation during 
the procedure was assessed in these studies, but not during the recovery period.
Arain and Ebert14 found a prolonged sedative effect after intraoperative use of 
dexmedetomidine compared with propofol among elective surgical patients. However, 
this hangover of sedation was not identified as a satisfaction problem because patients 
were not mobilised on the first postoperative day.
In our study, HR was lower during and after the endoscopic procedure with 
dexmedetomidine compared with propofol, and three patients in group D suffered 
syncope with severe bradycardia and unrecordable BP in the post-procedure period. BP was 
significantly different only during the recovery period. Two reasons might be responsible. 
First, propofol has a short elimination half- time leading to very short-lasting side effects. 
Second, we hydrated patients prophylactically with 500 ml of 0.9% saline before starting the 
procedure. Pre-hydration was intended to compensate for the pre-procedural fluid deficit 
and vasodilatation caused by sedation, but might be too short lasting considering the 
pharmacokinetic profile of dexmedetomidine with an infusion time-dependent context-
sensitive half-life. This haemodynamic pattern of a decreased HR, CO, and SV even after 
termination of a prolonged (longer than 10 min) continuous infusion of dexmedetomidine 
has been described previously in the literature.15, 16  Jalowiecki et al.17 even had to stop 
prematurely a previous study during colonoscopies because of severe bradycardia. Ebert et 
al.16 concluded that cumulative cardiovascular effects of dexmedetomidine might limit its 
usefulness in less healthy populations, suggesting that these effects can aggravate patients 
with cardiovascular comorbidity in an unpredictable manner.
Takimoto et al.6 compared dexmedetomidine with propofol and midazolam for sedation 
in 90 patients during endoscopic submucosal dissection of gastric cancer and found 
dexmedetomidine to be safe and effective. Compared with our study that applied extensive 
haemodynamic and respiratory monitoring, only NIBP, ECG, and SpO

2
 were monitored 

at intervals of 10 min during the procedure. Furthermore, haemodynamic data on post- 
procedural recovery were not assessed.
In our study, all episodes of syncope occurred in patients declared ready for discharge with 
the modified Aldrete score equal or > 9. This scoring system does not include HR; therefore, 
the modified Aldrete score is probably not the ideal discharge tool for patients treated with 
dexmedetomidine.
There is no universal definition of patient satisfaction. Pascoe defined patient satisfaction as 
the patient’s reaction consisting of a ‘cognitive evaluation’ and ‘emotional response’ to the 
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care they receive.18 This subjective affective component makes measurement of satisfaction 
challenging because frequently not all relevant items are addressed, and ‘minimal clinically 
important difference’– meaning the smallest meaningful change that a patient can detect 
with confidence – is difficult to define precisely.19 This means that statistically significant 
data are not always clinically relevant, and that satisfaction is difficult to compare in different 
settings  and at different time points.
Consequently, one limitation of our study is that the instrument of assessment of patients’ and 
endoscopists’ satisfaction may be criticised. However, only a few validated questionnaires on 
patient satisfaction during sedation are available and we chose the validated questionnaire 
developed by Vargo et al.10 for sedation during colonoscopy and upper gastrointestinal 
endoscopy in the United States. Patients’ expectations of sedation experience and therefore 
their satisfaction are surely subject to national peculiarities, and it might be a limitation 
to transfer a translated version of this questionnaire to Dutch patients without previous 
validation. Our sample size calculation was based on patient’s satisfaction estimated by one 
specific questionnaire. Probably, it would have been more appropriate – considering that 
the safety profile of dexmedetomidine is more relevant within a clinical setting – to power 
the study for acute respiratory or haemodynamic adverse events. However, much larger 
scaled studies would have been necessary to address this outcome. We considered all these 
events as possible problems and drawbacks, but their clinical impact cannot definitively be 
determined from the present results. Our dosage of dexmedetomidine was in line with 
other studies,20,21 and is in line with the recommended maximum dosage approved by the 
Food and Drug Administration for procedural sedation, but there was no preliminary study 
on a potential dose-response for dexmedetomidine. With the exception of one patient, it 
was not possible with this dosage to reach a sedation level (OAAS/S 2 to 4) sufficient to 
facilitate the procedure tolerably for patients and endoscopists. The OAA/S scale may not 
be the ideal tool to judge sedation depth using dexmedetomidine, as this score was not 
validated for sedation with dexmedetomidine.22

Our study was designed as a single centre trial using our standard sedation regimen with 
propofol and alfentanil as comparator for dexmedetomidine and alfentanil. Although 
propofol has gained the role as ‘gold standard’ for sedation, the use of the AMC standardised 
TCI sedation protocol could limit generalisation of our data.

CONCLUSION

Dexmedetomidine sedation – even combined with analgesics – was less satisfactory 
than sedation with propofol and caused haemodynamic depression after endoscopic 
oesophageal procedures.
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ABSTRACT

Background: Bronchial thermoplasty (BT) is a rapidly emerging bronchoscopic treatment for 
patients with moderate-to-severe asthma. Different sedation strategies are currently used, 
ranging from mild midazolam sedation to general anaesthesia requiring tracheal intubation. 

Objectives: The aim of this study was to assess the feasibility, safety, and both, patients’ and 
bronchoscopists’ satisfaction with propofol and remifentanil sedation administered by 
specialised sedation anaesthesiology nurses during BT in severe asthma patients. 

Methods: A prospective observational cohort study in BT-treated severe asthma patients 
of the TASMA trial was designed. Patients were asked to rate their overall BT procedure 
satisfaction and tolerance with propofol/remifentanil sedation using a visual analogue scale 
(VAS) ranging from 0 to 10. Similarly, bronchoscopists were asked to rate patient cooperation 
and tolerance. Sedation-associated adverse events and the number of BT activations were 
recorded. 

Results: Thirty-two BT procedures in 13 severe asthma patients were performed under 
moderate target-controlled infusion (TCI) propofol/remifentanil sedation. Patients’ median 
VAS scores (median (interquartile range (IQR)) were as follows: overall satisfaction 9.6 (IQR 
8.5–10.0), dyspnea 0.0 (IQR 0.0–0.6), pain 0.1 (IQR 0.0–1.0), cough 0.5 (IQR 0.0–2.1), and 
anxiety 0.1 (IQR 0.0–0.7). Bronchoscopists’ median VAS scores (median (interquartile range 
(IQR)) were as follows: overall patient cooperation 9.1 (IQR 8.5–9.6), dyspnea 0.3 (IQR 0.0-0.9), 
pain 0.2 (IQR 0.0–1.3), cough 1.2 (IQR 0.7–2.0), and discomfort 0.6 (IQR 0.3–1.5). All patients 
were willing to undergo the procedure again and would recommend this form of sedation 
to their best friend. One case of conversion to general anaesthesia occurred. No serious 
adverse events were reported. 

Conclusions: Moderate sedation with propofol and remifentanil TCI provided by specialised 
sedation anaesthesia nurses is feasible and safe and results in high satisfaction rates of both, 
patients and bronchoscopists.
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INTRODUCTION

Bronchial thermoplasty (BT) is a novel bronchoscopic treatment for moderate-to-severe 
asthma patients that has been shown to improve quality of life and to reduce asthma 
symptoms and exacerbation rates.1–3 Although the mechanism of action of BT is largely 
unknown, there is evidence that BT reduces airway smooth muscle mass.4,5 A complete 
BT treatment consists of 3 consecutive bronchoscopic procedures during which airways 
of the left lower lobe, right lower lobe, and finally both upper lobes are treated. During BT 
treatment, radiofrequent energy is delivered to the larger airways by a 4-strut expandable 
basket catheter that heats the surrounding tissue during 10 s to 65°C, a so-called activation.6 
On average, between ~50 and ~75 activations are delivered to treat all reachable airways 
with a diameter of 3–10 mm.
Because BT treatment is performed in severe asthma patients with highly reactive 
airways, and because BT procedures are time-consuming and require high precision, 
these treatments were initially performed under general anaesthesia.3 To date, there is 
a large variety of sedation forms used during BT procedures. Martin et al.7 reported mild 
sedation with midazolam and fentanyl. Lee et al.8 described monitored anaesthesia care 
with dexmedetomidine. Other strategies included deep propofol sedation or general 
anaesthesia requiring tracheal intubation or laryngeal mask insertion.9 The drawbacks 
of mild midazolam sedation are cough and patient discomfort10 for an interventional 
procedure which needs to be performed 3 times. On the other end of the spectrum, 
general anaesthesia with intubation could be seen as overtreatment, since this is more 
invasive, is associated with higher complication risks, including haemodynamic instability, 
and requires a more complex infrastructure with higher costs. Propofol and remifentanil 
sedation have been known to be safe and feasible for standard flexible bronchoscopies, 
thoracoscopies, and other bronchoscopic procedures, including endobronchial ultrasound 
bronchoscopy.11–14 Considering the above, with the current implementation of BT, there 
is an unmet need for a feasible, safe, and cost-effective sedation method for BT with high 
patient and bronchoscopist satisfaction. In this study, we evaluated whether for BT moderate 
sedation with target-controlled infusion (TCI) of propofol combined with remifentanil 
provided by specialised sedation anaesthesiology nurses is feasible, safe, and satisfying – 
for both, patients and bronchoscopists.

METHODS

Study design

The current sedation study is an observational cohort study within the Unravelling Targets 
of Therapy in Bronchial Thermoplasty in Severe Asthma (TASMA) trial (ClinicalTrials.gov, No. 

14745_SEberl_BW.indd   127 25-07-17   12:44



128

Chapter 10

NCT02225392). BT procedures were performed by 2 experienced bronchoscopists (P.I.B. and 
J.T.A.) in the endoscopy intervention suite at the Department of Pulmonology, Academic 
Medical Centre (AMC), Amsterdam, the Netherlands.

Patients

Patients with severe asthma aged between 22 and 61 years, participating in the TASMA trial, 
were included in the study. Severe asthma was defined as asthma that was symptomatic 
despite treatment with high-dose inhaled corticosteroids (dosage ≥ 500 μg fluticasone or 
equivalent per day) and inhaled long-acting β

2
-agonists (dosage of ≥ 100 μg salmeterol or 

equivalent per day) with a bronchial hyperresponsiveness to methacholine (PC
20

 < 4 mg/ml), 
and that fulfilled the World Health Organization or modified Innovative Medicines Initiative 
criteria of severe refractory asthma.15,16 Screening included a spiral computed tomography 
scan of the chest and a flexible bronchoscopy to exclude airway abnormalities including 
tracheomalacia. Exclusion criteria were a forced expiratory volume in 1s percentage 
predicted < 50%, a body mass index > 35, and known allergy to bronchodilators, propofol, 
remifentanil, or other sedative medicine.

Sedation intervention

In the AMC Amsterdam (as well as in other hospitals in the Netherlands), endoscopic 
procedures are supported by specialised sedation anaesthesia nurses, who perform self-
reliant procedural sedations. They have followed a theoretical and practical sedation 
education program of 1 year that is completed by an examination that results in certification. 
These specialised sedation anaesthesia nurses provided the sedation with propofol and 
remifentanil and were responsible for continuous monitoring during the BT procedure in 
the endoscopy suite with an anaesthesiologist on call in case of unexpected events.
Before the beginning of the BT procedure, a peripheral intravenous line was inserted, 
and glycopyrrolate 0.2 mg, lidocaine 20 mg, and midazolam 1 mg were administered. 
Sedation was started using a remifentanil TCI system (remifentanil [Ultiva] 2 mg powder, 
GlaxoSmithKline BV, Philadelphia, PA, USA) starting with a targeted plasma level of 1.5 
μg/ml combined with a propofol TCI system (propofol 1%, MCT/LCT Fresenius, Zeist, the 
Netherlands) with a targeted plasma level of 1.2 μg/ml. TCI means a weight- and age-adapted 
pre-programmed system using a defined pharmacokinetic model to attain a specific blood 
target level. Enough time needs to be taken to achieve the adequate sedation level. Before 
introducing the bronchoscope, the level of sedation was assessed using the Observer’s 
Assessment of Alertness/Sedation (OAA/S) score. When a score of 3 was reached, meaning 
that the patient responded only after his/her name was called loudly or repeatedly, the 
bronchoscope was introduced,17 and additionally lidocaine 1 mg/kg was administered 
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on the vocal cords and the tracheal mucosa for local anaesthesia. This local anaesthesia 
administration was repeated every 10–15 min, or when the patient started coughing with 
a maximum of 8.2 mg/kg.18 During bronchoscopy, close communication between the 
bronchoscopist and the anaesthesia nurse was secured. In case of a desaturation, measures 
were taken, such as chin lift/jaw thrust, stimulating the patient to take a deep breath, 
temporary mask ventilation, or intubation. After the procedure, patients were transferred 
to the recovery room as soon as they reached a stable respiratory and haemodynamic state 
with oxygen saturation (SpO

2
) of > 92% without oxygen.

BT procedure and monitoring

Thirty minutes before the procedure, patients were nebulised with 0.5 mg/2.5 mg 
ipratropium/salbutamol, respectively. BT procedures were performed with flexible 
bronchoscopes (Olympus Tokyo, Japan) and with the ALAIR system (Boston Scientific, 
Natick, MA, USA), which automatically measures the number of successful activations per 
BT procedure. During the procedure, 2 l/min of oxygen was administered by the Smart 
Capnoline (Medtronic Trading NL B.V., Eindhoven, the Netherlands), which enables exhaled 
carbon dioxide monitoring and nasal delivery of oxygen simultaneously. Patients were 
constantly monitored by specialised sedation anaesthesia nurses for heart rate, respiratory 
rate, SpO

2
, electrocardiogram, non-invasive blood pressure, and exhaled carbon dioxide 

measured continuously and recorded at 5-min intervals.

Primary endpoint

The primary endpoint was satisfaction of patients and bronchoscopists. Patients were 
asked to rate their overall satisfaction by using a 10-cm visual analogue scale (VAS) (0 = 
“unbearable”, 10 = “excellent”) as well as degree of dyspnea, pain, cough, and anxiety (0 
= “no complaints at all”, 10 = “enormously”) after they were fully awake. After the third BT 
procedure, patients were asked, if they would be willing to undergo the entire procedure 
again under the same conditions, and if they would recommend this form of sedation to 
their best friend. Similarly, directly after every BT procedure, the bronchoscopists were asked 
to score their satisfaction with sedation by rating the following aspects via a 10-cm VAS: 
patient overall cooperation (0 = “unmanageable”, 10 = “excellent”) and estimated degree 
of dyspnea, pain, cough, and discomfort for the patient (0 = “no complaints at all”, 10 = 
“enormously”).19
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Secondary Endpoints

As secondary endpoints the total procedure time (time between insertion and removal of 
the bronchoscope), sedation induction time (time between start of propofol/remifentanil 
infusion and insertion of the bronchoscope), time to sedation recovery (time between 
removal of the bronchoscope and arrival in the recovery room), time to discharge (time 
between removal of the bronchoscope and discharge from the recovery room), total amount 
of propofol and remifentanil, the number of successful BT activations per procedure, and 
the number of times backup by the anaesthesiologist on call was needed were recorded. 
After finishing the procedure, the bronchoscopist scored the OAA/S scale to assess the 
overall level of sedation during the procedure.

Sedation-related adverse events

Sedation-related adverse events were defined as a decline in SpO
2
 to < 90% during > 30 s, 

hypotension or hypertension (blood pressure decreased/elevated > 20% of baseline blood 
pressure and requiring intervention), or respiratory arrest.

Statistical methods

Descriptive statistics were performed, and results were expressed as means (± standard 
deviations [SD]) in case of a normal distribution of variables, and medians (interquartile 
ranges [IQR]) were used for variables with a skewed distribution. Categorical data were 
expressed as numbers and percentages. Analysis was performed using SPSS software 
version 22 (IBM, Armonk, NY, USA).

Statement of ethics

For the current prospective observational cohort sedation trial, ethical approval was 
obtained for the sedation questionnaires from the Medical Ethics Committee of the AMC, 
Amsterdam, the Netherlands (NL45394.018.13). All patients provided written informed 
consent.

RESULTS

From August 2014 to April 2016, 13 patients underwent a total of 35 BT procedures. Three 
out of the 35 BT procedures were performed under general anaesthesia. The other 32 
procedures were performed under TCI propofol and remifentanil sedation and used for 
analysis. Baseline patient characteristics are summarised in Table 1.
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Table 1. Baseline characteristics

Subjects, n 13

Bronchial Thermoplasty procedures, n 32

Gender, male/female 2/11

Age, years 42 ± 14

Pre-bronchodilator FEV1, % predicted 78 ± 26

Inhaled corticosteroids of fluticasone or equivalent, μg/day 1,269 ± 525

Inhaled LABA of salmeterol or equivalent, μg/day 154 ± 97

Chronic oral corticosteroid use, n 6

Oral corticosteroids of prednisone or equivalent, mg/day 13 ± 7

Values are means ± standard deviations unless otherwise indicated. FEV1, forced expiratory volume in 1s; LABA, 
long-acting β

2 
agonist.

Primary endpoints

The median VAS scores assessed by the patients were: overall satisfaction 9.5 (IQR 8.5–
10.0) (Figure 1), dyspnea 0.0 (IQR 0.0–0.6), pain 0.1 (IQR 0.0–1.0), cough 0.5 (IQR 0.0–2.1), 
and anxiety 0.1 (IQR 0.0–0.7) (Figure 2a; Table 2). The mean VAS scores assessed by the 
bronchoscopists were: overall patient cooperation 9.1  (IQR 8.5–9.6) (Figure 1), dyspnea 0.3 
(IQR 0.0–0.9), pain 0.2 (IQR 0.0–1.3), cough 1.2 (IQR 0.7–2.0), and discomfort 0.6 (IQR 0.3–1.5) 
(Figure 2b; Table 2). All patients were willing to undergo the BT procedures under the same 
conditions again and would recommend this form of sedation to their best friend (Table 2).

Figure 1. Patients’ and bronchoscopists’ median VAS score for overall procedural satisfaction and 
overall patient cooperation
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Figure 2. Patients’ and bronchoscopists’ median VAS scores 

a. Patients’ VAS scores for overall procedural satisfaction, dyspnea, pain, cough, and anxiety during BT procedures 
with propofol and remifentanil TCI sedation. 
b. Bronchoscopists’ median VAS scores for overall patient cooperation, dyspnea, pain, cough, and discomfort 
during BT procedures with propofol and remifentanil TCI sedation. 

Table 2.  Primary outcome parameters: patients’ and endoscopists’ assessment

The median VAS scores as assessed by patients (n=32)

Overall satisfactiona 9.6 (8.5– 10)

Dyspneab 0.0 (0.0– 0.6)

Painb 0.1 (0.0– 1.0)

Coughb 0.5 (0.0– 2.1)

Anxietyb 0.1(0.0-0.7)

Willingness to repeat the BT procedures under the same conditions, % 100

Recommendation of this form of sedation to their best friend, % 100

The median VAS scores as assessed by the bronchoscopists (n=32)

Overall patient cooperationc 9.1 (8.5– 9.6)

Dyspneab 0.3 (0.0– 0.9)

Painb 0.2 (0.0– 1.3)

Coughb 1.2 (0.7– 2.0)

Discomfortb 0.6 (0.3– 1.5)
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Secondary endpoints

Secondary endpoints are summarised in Table 3. The median total procedure time for BT 
procedures of the right, left, and both upper lobes was 43 (IQR 35–51) min, 46 (IQR 42–50) 
min, and 58 (IQR 51–65) min, respectively; time to sedation recovery was 6 (IQR 5–10) min; 
and time to discharge was 133 (IQR 103–169) min. A total of 433 (IQR 358–544) mg propofol 
and 517 (IQR 379–850) μg remifentanil were administered. During BT, a mean ± standard 
deviation of 52±7, 56±8 and 75±18 activations was given to the right, left, and both upper 
lobes, respectively. Backup by the anaesthesiologist on call was needed twice. During the 
BT procedure, the majority of patients were able to open their eyes when called loudly and 
respond to assignments, such as “breathe deeply”, and the most frequently rated OAA/S 
scores by the bronchoscopists were 4 (48%) and 3 (42%)(Table 4).

Table 3. Secondary outcome parameters (n=32)

Total procedure time, min

BT 1 (right lobe)   43 (35–51)

BT 2 (left lobe)   46 (42–50)

BT 3 (upper lobes)   58 (51–65)

Sedation induction time, min   18 (13–20)

Time to sedation recovery, min     6 (5–10)

Time to discharge, min 133 (103–169)

Total propofol dose, mg 433 (358–544)

Total remifentanil dose, μg 517 (379–850)

Number of activations 

BT 1 (right lobe) 52 ± 7

BT 2 (left lobe) 56 ± 8

BT 3 (upper lobes) 75 ± 18

Need for anaesthesiologist backup, n 2

Values are medians and interquartile ranges in parentheses or means ± standard deviations unless otherwise 
indicated. 

Sedation-related adverse events

As shown in Table 5, no serious adverse events occurred. A total of 6 adverse events were 
reported. Respiratory adverse events, defined as desaturation < 90% during more than 30 
s, occurred 4 times. In one case of desaturation, it was decided to converse from moderate 
sedation with propofol and remifentanil to general anaesthesia with tracheal intubation. 
The three other cases were restored with supportive care, such as chin lift and stimulating 
the patient to breathe deeply. The two non-respiratory adverse events of hypotension 
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were restored with administration of intravenous ephedrine. No other adverse events were 
encountered.

Table 4. Observer Assessment of Alertness/Sedation score

5    Responds readily to name spoken in normal tone   1 (3%)

4    Lethargic response to name spoken in normal tone 15 (48%)

3    Responds only after name is spoken loudly or rapidly, or both 13 (42%)

2    Responds only after mild prodding or shaking   1 (3%)

1    Does not respond to mild prodding or shaking   1 (3%)

0    Does not respond to noxious stimulus   1 (3%)

Table 5. Adverse events (n=32)

Serious adverse events 0

Adverse events 6

Desaturation (SpO
2
 < 90% for at least 30 s)a 4

Hypotension (need for ephedrine) 2

Hypertension 0

Other 0

Values are numbers. SpO
2
, oxygen saturation.a   One case of desaturation required conversion to general anaesthesia.

DISCUSSION

In this study we showed that moderate sedation with propofol and remifentanil TCI provided 
by specialised sedation anaesthesia nurses for BT in high-risk severe asthma patients is safe 
and feasible with high satisfaction rates for both, patients and bronchoscopists. Therefore, 
this sedation strategy might qualify as an optimal strategy for BT since it has a fine balance 
between under- and oversedation that obviates the need for an anaesthesiologist to be 
present in the endoscopy suite. To our knowledge, we are the first to report on this specific 
sedation strategy successfully applied during BT procedures.
Propofol and remifentanil sedation has been known to be safe and feasible for standard 
flexible bronchoscopies, thoracoscopies, and other bronchoscopic procedures, including 
endobronchial ultrasound bronchoscopy.11–14 Several factors contribute to the importance 
of optimal sedation for BT treatment in particular. First, BT procedures require high precision 
and last longer (43–58 min in total in this study) than diagnostic bronchoscopies. Second, 
they are performed in patients with highly reactive airways, which involve an increased 
risk of developing laryngospasm and bronchospasm during bronchoscopy.20,21 Every 
single activation during a BT represents a strong mechanical manipulation of the bronchial 
mucosal wall that contributes to an increased risk of adverse events. Finally, the complete 
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BT treatment consists of 3 separate BT procedures, and to fulfil the complete treatment, it is 
extremely important that the patient tolerates the procedure well.
We performed moderate sedation with propofol and remifentanil TCI combined with 
topical anaesthesia facilitating a stable spontaneous breathing situation and obviating the 
need for intubation as well as muscle relaxant use and ventilator support. The feasibility of 
this sedation strategy was proven by high satisfaction levels combined with the fact that 
all BT procedures succeeded, with a total amount of activations that did not differ from the 
largest randomised controlled trial, where a range of sedation types were used.22 Previous 
studies have shown that VAS scores can be successfully applied to measure the level of 
satisfaction and its separate components.19,23

No serious adverse events occurred. The single patient in whom the investigated sedation 
strategy was converted to general anaesthesia was the first patient receiving this specific 
sedation protocol with propofol and remifentanil. In this first case, in retrospect, the initial 
dose of remifentanil chosen was too high, and insufficient time was taken for sedation 
induction, which resulted in apnea and rigidity of the thorax with desaturation. To avoid 
this problem in subsequent cases, sedation was started with a lower targeted plasma level 
of remifentanil (1.5 μg/ml), and sufficient time was taken to reach the optimal sedation 
level. Propofol and remifentanil have the advantage of a rapid onset and termination of 
action, which make this combination easily titrable. Remifentanil reduces cough and 
airway reactivity, resulting in a lower dose of propofol needed, and therefore reduces the 
risk of respiratory events.24,25 Therefore, the sedation strategy used allows a rapid time to 
full recovery (in this study, a median time of 6 min) allowing quick discharge from the 
hospital. Administration of propofol and remifentanil TCI requires skilled specialised 
sedation anaesthesia nurses or anaesthesiologists experienced in the close monitoring of 
haemodynamic and respiratory parameters, such as SpO

2
, respiratory rate, and expiratory 

CO
2
, since small dose modifications – especially of remifentanil – can highly impact the level 

of sedation with a shift from moderate to deep sedation or even general anaesthesia with 
the need to ventilate the patient. Currently, such sedation regimes are increasingly provided 
by specialised sedation anaesthesia nurses, since this is a recognised option according to 
the guidelines from the American Society of Anesthesiologists.26–28 However, propofol and 
remifentanil administration by specialised sedation anaesthesia nurses is still not common 
and/or available in many countries in Europe. Special educational programs combined with 
an optimal infrastructure, including an anaesthesiologist on call, are required.
The strong point of the current study is the prospective design and the careful assessment of 
valid and important outcomes for both patients and bronchoscopists. Beside the moderate 
number of patients investigated, a limitation is the fact that 3 of the 35 procedures were 
performed under general anaesthesia. We judge this potential selection bias to be small 
and regard it to be highly unlikely to affect the observed outcomes. Furthermore, no cost-
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effectiveness analysis was performed. A further limitation is the lack of a direct comparison 
to other sedation strategies (e.g. sedation with midazolam with or without [al]fentanyl 
or general anaesthesia), since this study only investigates one specific sedation strategy, 
namely sedation with propofol and remifentanil TCI. Therefore, no conclusions can be 
drawn about the superiority of this sedation strategy over other sedation strategies, which 
have been successfully used in earlier clinical trials. Randomised controlled trials, preferably 
multicentre trials, that compare different sedation strategies are necessary to investigate 
the value of the different sedation strategies.
In conclusion, BT is a rapidly emerging bronchoscopic treatment for patients with severe 
asthma. Sedation with propofol and remifentanil TCI provided by specialised sedation 
anaesthesia nurses is feasible and safe and results in high satisfaction scores by both, 
patients and bronchoscopists.

14745_SEberl_BW.indd   136 25-07-17   12:44



137

PROPOFOL AND REMIFENTANIL SEDATION FOR BRONCHIAL THERMOPLASTY

10

REFERENCES
1. Pavord ID, Cox G, Thomson NC, et al. Safety and efficacy of bronchial thermoplasty in symptomatic, 

severe asthma. 
 Am J Respir Crit Care Med 2007; 176: 1185–1191
2. Castro M, Rubin AS, Laviolette M, et al. Effectiveness and safety of bronchial thermoplasty in the 

treatment of severe asthma: a multicentre, randomised, double blind, sham-controlled clinical 
trial. 

 Am J Respir Crit Care Med 2010; 181: 116–124
3. Cox G, Thomason NC, Rubin AS, et al: Asthma control during the year after bronchial thermoplasty. 
 N Engl J Med 2007; 356: 1327–1337
4. Pretolani M, Dombret MC, Thabut G, et al. Reduction of airway smooth muscle mass by bronchial 

thermoplasty in patients with severe asthma. 
 Am J Respir Crit Care Med 2014; 190: 1452–1454
5. Miller JD, Cox G, Vincic L, et al. A prospective feasibility study of bronchial thermoplasty in the 

human airway. 
 Chest 2005; 127: 1999–2006 
6. Cox PG, Miller J, Mitzner W, Leff AR. Radiofrequency ablation of airway smooth muscle for sustained 

treatment of asthma: preliminary investigations. 
 Eur Respir J 2004; 24: 659–663
7. Martin L, Mayse ML, Rubin AS, et al. Clinical pearls for bronchial thermoplasty. 
 J Bronchol 2007; 14: 115–123
8. Lee JA, Rowen DW, Rose DD. Bronchial thermoplasty: a novel treatment for severe asthma 

requiring monitored anaesthesia care. 
 AANA J 2011; 79: 480–483
9. Pawlowski J. Anaesthetic considerations for interventional pulmonary procedures. 
 Curr Opin Anaesthesiol 2013; 26: 6–12
10. Lo YL, Lin TY, Fang YF, et al. Feasibility of bispectral index-guided propofol infusion for flexible 

bronchoscopy sedation: a randomised controlled trial. 
 PLoS One 2011; 6: e27769
11. Clark G, Licker M, Younossian AB, et al. Titrated sedation with propofol or midazolam for flexible 

bronchoscopy: a randomised trial. 
 Eur Respir J 2009; 34: 1277– 1283
12. Chrissian AA, Bedi H. Bronchoscopist directed continuous propofol infusion for targeting moderate 

sedation during endobronchial ultrasound bronchoscopy: a practical and effective protocol. 
 J Bronchology Interv Pulmonol 2015; 22: 226–236
13. Tschopp JM, Purek L, Frey JG, et al. Titrated sedation with propofol for medical thoracoscopy: a 

feasibility and safety study. 
 Respiration 2011; 82: 451– 457
14. Carmi U, Kramer MR, Zemtzov D, et al. Propofol safety in bronchoscopy: prospective randomised 

trial using transcutaneous carbon dioxide tension monitoring. 
 Respiration 2011; 82: 515–521
15. Bel EH, Sousa A, Fleming L, et al. Diagnosis and definition of severe refractory asthma: an 

international consensus statement from the Innovative Medicine Initiative (IMI). 
 Thorax 2011; 66: 910– 917
16. Bousquet J, Mantzouranis E, Cruz AA, et al. Uniform definition of asthma severity, control, and 

exacerbations: document presented for the World Health Organization consultation on severe 
asthma. 

 J Allergy Clin Immunol 2010; 126: 926– 938

14745_SEberl_BW.indd   137 25-07-17   12:44



138

Chapter 10

17. Chernik DA, Gillings DA, Laine H, et al. Validity and reliability of the Observer’s Assessment of 
Alertness/Sedation Scale: study with intravenous midazolam. 

 J Clin Psychopharmacol 1990; 10: 244– 251
18. Langmack EL, Martin RJ, Pak J, Kraft M. Serum lidocaine concentrations in asthmatics undergoing 

research bronchoscopy. 
 Chest 2000; 117: 1055–1060
19. Revill SI, Robinson JO, Rosen M, Hoog MI. The reliability of a linear analogue for evaluating pain. 
 Anaesthesia 1976; 31: 1191–1198
20. Mavritsin LE, Lifshits NA. Complications in the fiberbronchoscopy of bronchial asthma patients (in 

Russian). 
 Klin Med (Mosk) 1980; 58: 37–40
21. British Thoracic Society Bronchoscopy Guidelines Committee, a subcommittee of the standards 

of care committee of the British Thoracic Society: British Thoracic Society guidelines on diagnostic 
flexible bronchoscopy. 

 Thorax 2001; 56: i1–i21
22. Wechsler ME, Laviolette M, Rubin AS, et al. Bronchial thermoplasty: long-term safety and 

effectiveness in patients with severe persistent asthma. 
 J Allergy Clin Immunol 2013; 132: 1295–1302
23. Bonta PI, Kok MF, Bergman JJ, et al. Conscious sedation for EUS of the oesophagus and stomach: 

a double blind, randomised, controlled trial comparing midazolam with placebo. 
 Gastrointest Endosc 2003; 57: 842–847
24. Goudra BG, Singh PM, Borle A, et al. Anaesthesia for advanced bronchoscopic procedures: state-

of-the-art review. 
 Lung 2015; 193: 453–465
25. Hwang J, Jeon Y, Park HP, et al. Comparison of alfentanil and ketamine in combination with 

propofol for patient-controlled sedation during fiberoptic bronchoscopy. 
 Acta Anaesthesiol Scand 2005; 49: 1334–1338
26. American Society of Anesthesiologists Task Force on Sedation and Analgesia by Non-

Anaesthesiologists: Practice guidelines for sedation and analgesia by non-anaesthesiologists. 
 Anesthesiology 2002; 96: 1004–1017
27. DeWitt JM. Bispectral index monitoring for nurse-administered propofol sedation during upper 

endoscopic ultrasound: a prospective randomised controlled trial. 
 Dig Dis Sci 2008; 53:2739–2745
28. Bosslet GT, Devito ML, Lahm T, et al. Nurse-administered propofol sedation: feasibility and safety 

in bronchoscopy. 
 Respiration 2010; 79: 315–321
 

14745_SEberl_BW.indd   138 25-07-17   12:44



A RANDOMISED CONTROLLED 
MULTICENTRE TRIAL: 
THE SPEKA STUDY. 
SEDATION WITH PROPOFOL  
DURING ERCP: 
IS THE COMBINATION WITH 
ESKETAMINE MORE EFFECTIVE AND 
SAFER THAN WITH ALFENTANIL? 
A STUDY PROTOCOL
Eberl S, Koers L, Van Hooft JE, De Jong E, 
Schneider T, Hollmann MW, Preckel B.11Submitted Trials

14745_SEberl_BW.indd   139 25-07-17   12:44



140

Chapter 11

ABSTRACT

Background: Endoscopic retrograde cholangiopancreatography (ERCP) is a gastrointestinal 
procedure that requires a relatively motionless patient during the intervention. Deep 
sedation by intravenous propofol combined with an opioid has recently become 
the preferred sedation technique. The drawback of this technique can be serious 
cardiorespiratory depression. Esketamine has hypnotic, analgesic, and sympathomimetic 
effects. Our assumption is that a combination of propofol with esketamine reduces the 
dosage of individual drugs, thereby minimising sedation side effects while keeping the 
same satisfaction level of patients and endoscopists.

Methods/design: The study will be performed as a randomised controlled multicentre trial. 
Patients undergoing ERCP, ≥ 18 years, ASA classification I – III will be randomised after written 
informed consent to group K (propofol/esketamine) or to group A (propofol/alfentanil). 
Primary outcome, reflecting effectiveness of sedation, is the total dose of propofol. 
Secondary outcome parameters are patients` and endoscopists` satisfaction with the 
procedure and the number of sedation related cardiorespiratory events. Data - regarding 
sedation related incidents - are collected by recording of oxygen saturation (SpO

2
), 

respiratory rate (RR), end-tidal CO
2
 (etCO

2
), heart rate (HR), arrhythmias (ECG), and non-

invasive blood pressure (NIBP) measurements. Satisfaction parameters are collected by 
means of questionnaires before and after the procedure and on the following day.

Discussion: Esketamine is known for its effective anaesthetic and analgesic effects 
maintaining spontaneous breathing and airway reflexes. Due to an increase in sympathetic 
tone, hypotension and cardiac depression is less common. Unfortunately, esketamine is 
also known for its psychotomimetic effects. We aim to demonstrate that the combination 
of esketamine with propofol for sedation in patients subjected to ERCP interventions is 
nevertheless superior to a combination of propofol with an opioid.
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BACKGROUND

Endoscopic retrograde cholangiopancreatography (ERCP) is a complex, often painful 
gastrointestinal procedure. It is used for both, diagnostic purposes in biliary and pancreatic 
diseases and also for therapeutically interventions such as sphincterotomy, gallstone 
extraction, and biliary and pancreatic duct stenting. Because any movement of the patient 
could importantly affect success of the ERCP, procedures are usually performed under deep 
sedation or even general anaesthesia with the patients in semiprone or prone position.1-3 
Over the last decade the combination of propofol and an opioid has become the preferred 
sedative regime during ERCP in many countries, despite known side effects, such as 
hypotension and respiratory depression. Opioids, especially when used in combination 
with sedative-hypnotics, can not only aggravate clinically significant respiratory depression 
but also increase the incidence of postoperative nausea and vomiting. 
Esketamine, the s-enantiomer of ketamine, is not only a well-known sedative but also has 
strong analgesic properties. Furthermore, its sympathomimetic qualities can counteract 
the haemodynamic depression of propofol and therefore reduce the risk of cardiovascular 
and respiratory depression during sedation. Esketamine could thus be a safer additive 
to propofol than opioids to achieve a sufficient depth of sedation with less negative 
cardiopulmonary side effects due to dosage reduction of propofol and omission of opioids. 
A potential problem concerning esketamine could be its psychotomimetic effects, such as 
visual disturbances, vertigo, or nausea that could compromise patient satisfaction. There is 
still little evidence for an improved safety profile of a combination of propofol/esketamine, 
and it is still open to discussion whether esketamine psychotomimetic effects play a 
significant role in out patient treatment. 

METHODS/DESIGN

Aim of the study

We hypothesise that procedural sedation with propofol and esketamine will reduce the 
number of sedation related side effects during ERCP with superiority to standard propofol/
alfentanil sedation and thus demonstrate a higher safety and satisfaction profile as the 
former combination. 
To test this hypothesis, we compare two groups. Group K receives propofol/esketamine 
sedation; group A gets propofol/alfentanil sedation during ERCP.
Both groups receive standard deep sedation with propofol target controlled infusion (TCI) 
provided by specialised sedation anaesthesia nurses. 
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Trial design

This trial is designed as a prospective randomised controlled multicentre study. It will 
be reported following the SPIRIT statement.4 Sponsor of this trial is the Department of 
Anaesthesiology of the Academic Medical Centre (AMC) in Amsterdam. The sponsor is 
responsible for the collection, management, analysis, and interpretation of data; writing of 
the report; and the decision to submit the report for publication. 

Participants

Number of patients’ needed

Primary objective is the total dosage of propofol. Sample size calculation is based on 
retrospectively obtained propofol data from previous ERCPs, collected in our hospital 
sedation database. The mean (+ standard deviation) dosage of propofol during ERCP`s was 
580+190 mg. Therefore, we will have to study 76 patients in each group, given a power of 
0.80 and a type I error of 0.05 to reduce the amount of propofol by 15%. With a dropout rate 
of 10 % the estimated sample size will be 166 patients.

Eligibility

The study takes place at the Department of Gastroenterology and Hepatology in the 
Academic Medical Centre (AMC), Amsterdam and the Department of Gastroenterology 
and Hepatology in the Tjongerschans hospital, Heerenveen, the Netherlands, beginning 
December 2015 to January 2018. Eligible patients for participation in this clinical trial are 
those scheduled for elective ERCP under deep propofol sedation, > 18 years, and with ASA 
physical state I-III, with written informed consent.

Exclusion criteria

Patient are excluded, if the following criteria in the patients’ anamnesis are applicable: 
•	 Age range < 18 years
•	 ASA IV and V
•	 Known allergy to planned medication 
•	 History of unregulated or malignant hypertension
•	 Significant ischaemic heart disease
•	 History of psychological problems or psychiatric disease
•	 Use of drugs that affect the central nervous system 
•	 Substance abuse
•	 Chronic pain
•	 Pregnancy
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•	 Seizure disorders
•	 Increased intracranial pressure 
The schedule of enrolment, intervention, and assessment is reported according to the 
SPIRIT statement.

Consent

Patients´ medical history and their current state of health are screened on paper during 
standard anaesthetic preassessment before the scheduled sedation. The investigator 
uses the anaesthetic preassessment form to screen patients for in- and exclusion criteria. 
Patients meeting inclusion criteria are contacted by phone to verify criteria and asked for 
their willingness to participate in this study. If they agree to participate, further information 
is send by mail. Final inclusion occurs after written informed consent at the day of the 
procedure.
If patients deny taking part in the study, they are sedated according to the AMC standards 
with propofol and alfentanil. 

Randomisation

Patients are randomised online in both centres after signing informed consent using 
the ALEA software program provided by the Clinical Research Unit (CRU) of the AMC for 
centralised randomisation in clinical trial. Patients are allocated to a treatment arm after the 
anaesthetic nurse has entered patient details and absence of exclusion criteria in the ALEA 
program.  
The study is performed as a single blinded study. Because of safety reasons the anaesthetic 
nurse is not be blinded to the treatment arm and will therefore perform the randomisation 
in the ALEA program. The patient, endoscopist, and investigator are blinded to the allocated 
treatment arm. 
Patient data are collected on CRFs in each centre. Data processing will take place in the 
AMC using Castor database and will be performed by the investigator or study coordinator. 
The CRU also will monitor independently all side locations of the trial three times using 
duplicated measurements documented in the hospital data management systems with 
complete access to all databases.

Intervention

All patients are fasted at least 6 hours before ERCP. Antibiotic prophylaxis is given according 
to hospital standards. As a standard procedure, diclofenac 100 mg is administered rectally 
immediately before procedure to reduce post ERCP pancreatitis.5 Procedural sedation is 
performed by anaesthesia nurses trained in the standards of care for procedural sedation 
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and analgesia (PSA) according to the Dutch national guidelines. An anaesthesiologist is 
available for liaison, supervision and emergency help. 
Insufflation of the duodenum during ERCP is done with CO

2
 to reduce periprocedural pain 

and abdominal distension in comparison to insufflation of air. 
Patients are asked to complete a questionnaire before procedure to assess baseline pain 
levels, drowsiness, nausea, perception, and mood using a Visual Analog Scales (VAS) (0-100). 
Baseline assessments of the Modified Observer’s Assessment of Alertness/Sedation Scale 
(MOAA/S), the Aldrete recovery score and measurements of heart rate (HR), non-invasive 
blood pressure (NIBP), respiratory rate (RR), and oxygen saturation (SpO

2
) are recorded.

After placement of an intravenous line, an infusion of 500ml NaCl 0.9% is started at the rate 
of 250 ml/h. Five minutes before insertion of the endoscope, glycopyrrolate 0.2 mg, and 
lidocaine 50 mg are given iv. Then patients are asked to place themselves into the prone or 
semiprone position. Two l/min of oxygen are administered by nasal cannula during ERCP, 
and HR, SpO

2
, RR, ECG, NIBP, end-tidal carbon dioxide (etCO

2
), and sedation level measured 

by the MOAAS/S are collected at 5-minute intervals. An independent, blinded observer 
collects research data.
Both groups are sedated by a propofol Target Controlled Infusion (TCI) system (Propofol 
1% MCT Fresenius). TCI means a weight pre-programmed system using a pharmacokinetic 
model to attain a specific estimated propofol plasma target level.6

We start propofol TCI in both groups with a targeted plasma level of 1.5 μg/ml. 
Reaching this plasma level, group K is treated with esketamine (Ketanest S, Pfizer) 150 µg/
kg, group A receives alfentanil (Rapifen, Janssen-Cilag) 2.0 µg/kg.
After 2 minutes propofol TCI is stepped up – if needed - to a maximum-targeted plasma 
level of 2.5 μg/ml. 
Before starting the endoscopic procedure, patients are assessed for their level of sedation 
using the MOAA/S scale yielding at a score of < 2. The modified form of the MOAA/S scale 
uses not only the responsiveness component of the original scale (awake (5) - unresponsive 
(1)) but is extended with assessment of painful stimuli. As reaction of painful stimuli are 
still possible at anaesthetic levels that block reactions to verbal commands, prodding, or 
shaking, they can be used to assess deeper sedation levels. 
If MOAA/S is above 2, e.g. the patient does not sustain intervention, additional sedation is 
provided with TCI increments of 0.5 μg/ml in plasma target level. These very small steps 
are performed in order to avoid deep sedation. For every step up of propofol TCI additional 
esketamine 50 µg/kg or alfentanil 1 µg/kg is added. Maximum dosage is 500 µg/kg ketamine 
or 7.5 µg/kg alfentanil.
The total amount of all used medication (propofol, esketamine, alfentanil) as well as all time 
periods (total procedure time, time between end of the endoscopy till patient is ready for 
transport to the recovery unit) is noted. 
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At the recovery room, monitoring is limited to SpO
2
, RR, ECG, NIBP, and Aldrete score7 

every 15 minutes. This score describes the patient’s motoric activity, mechanical respiratory 
function, oxygen saturation, blood pressure, and consciousness and is designed to assess 
patient recovery after sedation. The total score is 10. 
During the time in the recovery room, patients have to complete the identical questionnaire 
as they completed at baseline concerning pain, drowsiness, nausea, perception, and mood 
using VAS scales (0-100). Following daily standards, post-procedural pain is mentioned as 
VAS > 40 and is treated with 2 mg morphine intravenously, nausea with a VAS > 40 will be 
treated with 4 mg ondansetron intravenously.
Patients have to stay for at least 1 hour in the recovery room. “Ready for discharge” is 
declared when an Aldrete Score ≥ 9 is met, and the patient is awake with stable vital signs, 
able to walk around, and without nausea or dizziness.
On the next day, a follow-up telephone call will take place.
 

Primary objective

Definition of primary objective

Primary objective of this study - reflecting the effectiveness of coadministration of propofol 
and esketamine - is the total dose of propofol used during the procedure.

Assessment of primary objective

The total amount of propofol, esketamine, and alfentanil will be noted.

Secondary objectives

Definition of secondary objectives

Secondary endpoints focus on satisfaction of patients and endoscopist with sedation, the 
side effects of sedation, and on haemodynamic stability and safety - being reflected in the 
number of respiratory and cardiovascular events.

Assessment of secondary objectives

Pain, sedation level, and side effects as nausea and psychotomimetic effects are recorded 
on questionnaires that patients have to fill in before and after the procedure. To assess post- 
procedural satisfaction, patients are contacted the day after the procedure by telephone. In 
addition, endoscopists’ experiences with sedation are recorded on a questionnaire directly 
after the procedure. 
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Questionnaires

Before ERCP, after the procedure, at arrival on the recovery unit, and on the following day, 
patients are asked to complete questions concerning pain levels, drowsiness, nausea, 
perception, and mood using VAS scales (0-100). Pain intensity will be assessed by using a 
100-mm VAS scale, with 0 = no pain and 100 = worst possible pain. Nausea will be measured 
by a VAS scale, with 0 = none and 100 = vomiting. Perceptual change will be assessed in five 
categories (i.e. body, surroundings, time, reality, colours, and sounds) by using a VAS scale 
anchored by “normal” at one end and “extremely” at the other end. Mood states are ranked 
between 0 and 100 in five categories: anxious/composed, hostile/agreeable, depressed/
elated, tired/energetic, and confused/clearheaded) (modified from Mortero et al.8). 
The day after the procedure, patients are contacted by telephone to assess post procedural 
satisfaction. The same questions from part one and two of the patient questionnaire are 
asked to the patient. Patients are also interviewed about their total satisfaction with the 
procedure, about their physical activity level using a five-point rating scale: 1 = chair bound, 
2 = minimal (i.e. can go to the bathroom), 3 = moderate (i.e. can go around the house and 
garden), 4 = almost normal, and 5 = normal, and if they would recommend this sedation 
regime to one of their friends.
Endoscopists have to fill in questionnaires concerning their estimation of pain, sedation, 
ease of performance, and satisfaction with the procedure.
Pulmonary and cardiovascular vital signs are electronically recorded throughout the 
procedure and include: SpO

2
,
 
measured by pulse oximetry, etCO

2
, RR, HR, arrhythmias, and 

NIBP. Sedation related pulmonary and cardiovascular incidents were defined according to 
the International Sedation Task Force of the World Society of Intravenous Anaesthesia (SIVA) 
consensus statement for standardised definitions and terminology for sedation related 
adverse events.9 Pulmonary incidents are defined as: Oxygen desaturation (SpO

2
 75–90%) 

for <60 s, severe (SpO
2
 < 75% at any time) or prolonged (SpO

2
 < 90% for > 60 s) oxygen 

desaturation, apnea, prolonged apnea (> 60 s), airway obstruction with need for airway 
interventions: facemask ventilation, guedel, nasopharyngeal airway, and endotracheal 
tube. Cardiovascular incidents are defined as: bradycardia*, tachycardia*, hypotension*, 
hypertension* (* as a change of > 25% from baseline and/or necessitating an intervention), 
cardiovascular collapse and arrest.
In addition, the use of atropine, ephedrine or phenylephrine intravenously to treat 
hypotension or bradycardia is noted.

Statistical analysis

Statistical analyses will be performed using SPSS statistics.
All data will be checked for normal distribution using the Kolmogorov test. For normal 
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distributed, continuous variables an independent Student’s t-test will be used, and the 
variables will be presented as mean ± standard deviation (SD). Not normally distributed 
data will be compared using the Mann-Whitney U-test where appropriate, and data will 
be presented by the median and interquartile range (IQR). For categorical variables, cross 
tabulation and the Pearson`s chi-squared test will be applied and variables will be allegorised 
as number and/or percentage of the total. To compare the continuous measurements of 
HR, NIPD, and SpO

2 
between both groups, the area under the curve (AUC) for each value 

will be calculated over the different measurement time points during the procedure. A 
p-value< 0.05 will be considered statistically significant. Confidence intervals will be 
mentioned where appropriate.

Ethical approval

This trial is conducted in accordance with the protocol and in compliance with the moral, 
ethical, and scientific principles governing clinical research as set out in the Declaration 
of Helsinki (1989) and Good Clinical Practice (GCP). It is registered in the Nederland’s Trial 
Register (NTR5486). Ethical approval was obtained from the Medical Ethics Committee of 
the Academic Medical Centre, Amsterdam, the Netherland (NL). The National Authority, the 
Central Committee on Research Involving Human Subjects (CCMO), performed a marginal 
review and there were no objections to perform this study (NL53999.018.15).

DISCUSSION

Propofol combined with an opioid replaces more and more benzodiazepines for sedation 
during ERCP. It is in the meantime the standard sedative agent due to a better titration of the 
different sedation levels, shorter recovery time, and more patient satisfaction. However, a 
serious drawback of propofol/opioid sedation is that sedation level can rapidly chance from 
moderate to deep sedation, or even to general anaesthesia. Here, skilled airway support, 
which is not easy to perform in the prone position, may be required to prevent hypoxaemia. 
Cote et al. showed that in 12.8% (n=102) patients hypoxaemia occurred during propofol 
sedation, although propofol was administered by trained anaesthesia nurses.10 In 14.4% 
of the patients, tactile airway manoeuvres were necessary. Minimising respiratory risks is 
therefore important, to make sedation safer. A possible approach can be, to reduce the 
propofol dosage using the combination with other substances. 
Previous studies used propofol combined with midazolam for ERCP sedation.11,12 This method 
significantly reduced the total amount of propofol required for sedation. Nevertheless, the 
synergistic sedation effects of both drugs increased the likelihood of respiratory depression 
and prolonged recovery time without any analgesic effect. Esketamine offers the advantages 
of minimising these side effects, making optimal use of the concept of synergy whilst being 
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an analgesic at the same time. Varadarajulu et al.13 demonstrated that the use of ketamine 
in difficult to sedate patients undergoing ERCP resulted in better quality and depth of 
sedation and analgesia. They observed shorter recovery times compared with opiate and 
benzodiazepine sedation. However, they concluded that it is necessary to conduct further 
randomised trials. Wehrmann et al.14 recommended the combination of propofol with 
ketamine because of its analgesic properties without cardiorespiratory depressant effects. 
Mortero et al.8 found that the combination of propofol and ketamine in small doses 
attenuates hypoventilation, produces positive mood effects without perceptual changes, 
and provides faster recovery of cognition in comparison to propofol alone during monitored 
anaesthesia. 
Ketamine is a favourable drug in haemodynamically instable patients. Despite its effective 
anaesthetic and analgesic effects, spontaneous breathing and airway reflexes are maintained 
and hypotension is less common due to an increase in sympathetic tone. Its s-enantiomer 
esketamine has been shown to be even more potent with an approximately 3-4 fold 
anaesthetic potency compared to racemic ketamine. The most common concerns about 
esketamine, however, are related to its mind-altering effects in cognition. It can produce 
psychotomimetic effects that may be associated with symptoms similar to dissociative 
states of mind.15 On the other hand, Nakao et al.16 showed that propofol used in clinical 
relevant dosages suppresses these effects via the activation of Gamma-Amino Butyric Acid 
(GABA) receptors. Unfortunately, there are only a few studies with only limited significance 
investigating the effectiveness of a propofol/esketamine regime with emphasis on the 
aforementioned safety aspects during ERCP and the eventually psychotomimetic effects 
such as visual disturbances, vertigo, or nausea that could compromise patient satisfaction 
and recovery after discharge home.
The aim of our trial is to show that the synergy of esketamine and propofol can provide a 
better safety and satisfaction profile than the combination with an opioid during ERCP.
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ABSTRACT

Introduction: Propofol provides excellent sedation during colonoscopies. However, its use is 
associated with cardiopulmonary depressions. Acupuncture is nowadays used for treatment 
of pain, anxiety, and also to induce sedation. We hypothesised that electro-acupuncture 
during colonoscopies has sedative effects, thereby reducing propofol requirements to 
achieve an adequate level of sedation.

Method: The study was performed as a single centre, patient and observer blinded, sham- 
and placebo-controlled randomised trial. Patients scheduled for elective colonoscopy under 
deep propofol/alfentanil sedation were randomly assigned to receive electro-acupuncture 
(EA), sham-acupuncture (SA), or placebo-acupuncture (PA) at ST36, PC6, and LI4. Primary 
outcome parameter was the total dosage of propofol. Secondary objective was patients’ 
and endoscopists’ satisfaction level evaluated by questionnaires.

Results: The dosage of propofol (median (IQR)) was not significantly different between the 
three groups [group EA 147 mcg/kg/min (109-193) vs. group SA 141 mcg/kg/min (123-180) 
vs. group PA 141 mcg/kg/min (112-182); p=0.776]. There was also no significant difference 
in alfentanil consumption (p=0.634). Global satisfaction (median (IQR)) among patients 
[group EA 6.6 (6.0-7.0) vs. group SA 6.8 (6.0-7.0) vs. group PA 6.5 (6.0-7.0); p=0,481] and 
endoscopists [in all groups 6.0 (5.0-6.0), p=0.773] did not significantly differ between the 
three groups. There was no significant difference in the number of cardiorespiratory events. 

Conclusion: For colonoscopy, electro-acupuncture did not show any propofol-sparing 
sedative effect compared with sham or placebo acupuncture.

Trial registration: The trial is registered in the Netherland’s Trial Registration (NTR4325).
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INTRODUCTION

The number of colonoscopies has increased in recent years and will continue to rise further 
due to national cancer screening programs. Colonoscopies are known to be uncomfortable 
for patients. Pain, vasovagal reactions, or uncooperative behaviour of patients can 
compromise screening correctness.1 Therefore, sedation with analgo-sedative drugs is 
often requested in these procedures.2

Propofol has become the standard for sedation during endoscopic procedures due to 
its rapid onset and termination of action.3-5 However, the most important disadvantage 
of propofol-based sedation is the risk of unintentional deep sedation leading to 
cardiorespiratory depression, especially when combined with an opioid.6-9

Adjuvant methods might be suitable to lower the dosage of propofol while keeping the 
same level of sedation, thereby minimising the risks of cardiopulmonary side effects. 
Acupuncture is used worldwide for various indications, with the most promising evidence 
shown so far for treatment of pain, postoperative nausea, and vomiting (PONV).10-15 Electro-
acupuncture facilitates standardisation of acupuncture and provides better analgesia 
compared to manual stimulation of acupuncture points.16

We hypothesised that electro-acupuncture at Stomach 36 (ST36), Pericardium 6 (PC6), and 
Large Intestine (LI4) during colonoscopies has sedative effects, thereby reducing the dosage 
of propofol required to achieve an adequate level of sedation. Secondary objective was 
patient and endoscopist satisfaction level with the combination of electro-acupuncture 
and propofol sedation for the respective procedures.

METHODS

We performed a prospective, patient and observer blinded, sham- and placebo-controlled 
randomised trial reported following the STRICTA (Standards for Reporting Interventions in 
Clinical Trials of Acupuncture) reporting guidelines17 and the CONSORT statement.18 Ethical 
approval was obtained from the Medical Ethics Committee of the Academic Medical Centre, 
Amsterdam, the Netherlands (NL36861.018.11) on 6 May 2013. The trial is registered in the 
Netherland’s Trial Registration (NTR4325). The study protocol was published in 2015.19 The 
study was supported by institutional funding.
The study took place at the Department of Gastroenterology and Hepatology at the 
Academic Medical Centre (AMC), Amsterdam, the Netherlands, in the period between 
February 2014 and February 2017. Patients scheduled for an elective diagnostic or 
therapeutic colonoscopy with propofol sedation, aged above 18 years, ASA classification 
I-III, and a written informed consent were eligible. Patients were excluded if they were aged 
less than 18 years, had ASA classification IV and V, nickel allergy, implanted pacemaker 
devices, psychiatric or neurologic disorders, used anticoagulants, or refused sedation.
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All included patients were randomised by computer selection (RITA version 1.31) to 
receive electro-acupuncture (EA), sham-acupuncture (SA), or placebo acupuncture (PA). 
An independent investigator performed computer randomisation and preparation of the 
numbered randomisation envelopes. These envelopes were opened by one of the two 
acupuncturists who subsequently provided acupuncture. All three groups received sedation 
with propofol and alfentanil by specialised sedation anaesthesia nurses. Colonoscopies 
were performed either by a gastroenterologist resident or staff member. 
All involved parties (patient, sedation anaesthesia nurse, endoscopist, endoscopic nurse, 
and investigator) - with exception of the acupuncturists - were blinded to the intervention.

Procedure

After randomisation patients received an intravenous line, and glycopyrrolate 0.2 mg and 
lidocaine 50 mg were given intravenously. Patients were provided with 2 l/min of oxygen 
via a nasal cannula and monitored for heart rate (HR) and electrocardiogram (ECG), non-
invasive blood pressure (NIBP), oxygen saturation (SpO

2
) and expiratory carbon dioxide 

tension (exCO
2
) as well as respiratory rate (RR). All parameters were documented at 

5-minutes intervals. 
Each group received sedation with propofol using a target controlled infusion (TCI) system 
that has a weight and age adapted algorithm to attain a pre-set propofol plasma target level. 
Sedation level was measured by means of the Observer’s Assessment of Alertness/Sedation 
Scale (OAA/S).20 If the patient was too alert to tolerate the procedure, additional sedation 
was provided with step up of the TCI. Besides, patients were given 1.5 μg/kg alfentanil at 
the beginning of the colonoscopy and an additional dose of 1.5 μg/kg alfentanil during 
the procedure when experiencing pain. Acupuncture intervention took place after starting 
propofol sedation and during the colonoscopy procedure. Haemodynamic or pulmonary 
changes were classified as cardiorespiratory events if they lasted longer than 5 minutes. 
Cardiorespiratory events were defined as: decline in SpO

2
 < 90 % or breathing frequency <6 

/min; a change in HR +/- 20 % or NIBP +/- 20 % of baseline or occurrence of any arrhythmia’s. 
After the procedure patients were transported to the recovery unit and monitored with 
ECG, NIPD, and SpO

2
. Level of recovery from sedation and the return of physical fitness were 

assessed using the modified Aldrete Score21 at 10, 30 and 60 min after arrival at the recovery 
room. “Discharge criteria” required that an Aldrete Score ≥9 or equivalent to pre-procedure 
score was met and the patient was alert and mobilised with stable haemodynamics.
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Intervention

After starting propofol sedation, the acupuncture needles were placed by the acupuncturist 
according to allocation and connected to a six-channel programmable electrical stimulator 
(SVESA 1031, Germany, Munich); needles were fastened with tape. 
Patients in the EA group were treated with real acupuncture needles (Asia-med, Germany, 
Special No. 16 (0.30x30mm/Gauge 8x1.2”), inserted unilateral on PC6, ST36, and LI4 
according to the theory of Traditional Chinese medicine (TCM) (Figure 1). 
The combination of PC6, ST36 and LI4 is considered to be relevant for providing sedation 
and for diminishing abdominal distension.22

PC6 is used for preventing and treatment of nausea and vomiting. ST36 is supposed to be 
the acupuncture point with the most influence on the gastro-intestinal tract, and LI4 is one 
of the most used acupuncture points for the treatment of pain and intestinal diseases.23

The SA group was treated with the same sort of needles. In contrast to the EA group the 
needles were inserted 1 cm distal and lateral to the used acupuncture points (PC6, ST36, 
LI4) on “non-point“- locations that are not known as acupuncture points.
The PA group received placebo needles (Streitberger needles, Asia-med, Germany, 0.30x30 
mm/Gauge 8x1.2”) on the same points used for sham-acupuncture to exclude a significant 
effect of acupressure on the regular acupuncture points.
The Streitberger needle is a lookalike of a real acupuncture needle but has a blunt tip whose 
shaft telescopes into the handle during application without penetrating the skin.24

We aimed for a stimulation frequency (1–10 Hz), which is low enough not to provoke 
muscle contraction. In the control groups, the stimulator was likewise connected but 
without electrical stimulation. The intervention with electro-acupuncture was stopped as 
soon as the colonoscopy was finished. In all groups the needles were removed at the end 
of the colonoscopy procedure.

Figure 2. Patients’ and bronchoscopists’ median VAS scores  
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Figure 1. Acupuncture points (white) versus sham acupuncture points (red)  

 

 
 
 
 
 
 
 
 
 
 
 

Figure 1. Acupuncture points (white) versus sham acupuncture points (red) 
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Questionnaires

Patients were asked to fill in questionnaires before discharge and 24 hours later by telephone 
call. The questionnaires for patients (Patient Satisfaction with Sedation Instrument (PSSI)) 
and endoscopists (Clinical Satisfaction with Sedation Instrument (CSSI)) were developed 
by Vargo et al.25 and translated into Dutch by our own research group. The PSSI contains 
4 subscores to describe patient satisfaction. The most relevant are the two subscores 
about sedation side effects and global satisfaction. The CSSI also has 4 subscores with one 
subscore relevant for global satisfaction. In these questionnaires, patients and endoscopists 
could classify their satisfaction or dissatisfaction during the procedure ranging from 7 = 
very satisfied to 1 = very dissatisfied.25 Pain was assessed post-procedurally by means of a 
numeric rating scale (NRS) reaching from 0 = no pain to 10 = worst pain.

Statistical methods

Sample size calculation was based on observational propofol data from previous 
colonoscopies collected in our hospital sedation database. The mean dosage of propofol 
during colonoscopy in this database was 441±176 mg (mean ± SD).26 Given a power of 0.80 
and a type I error of 0.05 to reduce propofol dosage by 25 %, we had to include 47 subjects 
in each group to show significance. Considering a dropout rate of 10 %, the estimated 
sample size was 51 patients per group. 
Statistical analyses were performed using SPSS statistics (version 23.0). All data was checked 
for normal distribution using the Kolmogorov test, Q-Q plot and histogram. For normal 
distributed, continuous variables an One-way ANOVA was used and the variables are 
presented as mean ± standard deviation (SD). For normal distributed categorical variables 
Pearson’s chi-squared test was applied and variables were allegorised as number and/or 
percentage. Not normally distributed data were compared using the multifactorial ANOVA 
(Kruska Wallis). These variables are presented as median and interquartile range (IQR). A 
p-value < 0.05 was considered statistically significant. 

RESULTS

In total, 222 patients were assessed for eligibility; 69 patients were not willing to participate 
or were excluded for other reasons. The remaining 153 patients were allocated randomly 
to receive electro-acupuncture (group EA, n=51), sham-acupuncture (group SA, n=51), or 
placebo acupuncture (group PA, n=50). In the PA group, we excluded one patient from 
analysis due to incomplete data collection. The study flow chart is shown in Figure 2. 
All three groups were comparable with regard to their baseline characteristics, indication 
for and length of the colonoscopy procedure (Table 1).
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Figure 2. Flow diagram 

Figure 2. Flow diagram
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Table 1. Patients’ baseline characteristics, indication, length of procedure

Characteristics EA (n=51) SA (n=51) PA (n=50) P-value

Age (years) 62 (49-67) 65 (51-72) 63 (48-67) Ns

Sex (female) 31 (61%) 34 (67%) 27 (54%) Ns

BMI (kg/m²) 25.7 ±4.2 25.2 ±4.5 25.3 ±4.4 Ns

Smoker 9 (18%) 9 (18%) 8 (16%) Ns

Alcohol (>1 glass per day) 14 (27%) 22 (43%) 16 (31%) Ns

Heart disease 7 (14%) 7 (14%) 9 (18%) Ns

Lung disease 7 (14%) 8 (16%) 5 (10%) Ns

Diabetes 5 (10%) 1 (2%) 2 (4%) Ns

Chronic pain 4 (8%) 4 (8%) 3 (6%) Ns

Endoscopy in the past 48 (92%) 50 (98%) 47 (94%) Ns

Indication Diagnostic 10 (20%) 6 (11%) 10 (20%) Ns

IBD 14 (28%) 15 (29%) 17 (34%) Ns

Polyps 26 (51%) 30 (59%) 22 (44%) Ns

Other 1 (2%) 0 (0%) 1 (2%) Ns

Length of procedure (min.) 47 (29-62) 46 (34-62) 43 (30-55) Ns

EA, electro-acupuncture; IBD, inflammatory bowel diseases; SA, sham-acupuncture; PA, placebo-acupuncture; p, 
p-value; Data presented as mean±SD, median (IQR) or n (%). P-values<0.05 were considered significant.

The dosage of propofol (median (IQR)) in group EA (147 μg/kg/min (109-193)) vs. group 
SA (141 μg/kg/min (123-180)) vs. group PA (141 μg/kg/min (112-182)) was not significantly 
different between the three groups (p=0.776). There was also no significant difference in 
alfentanil consumption (p=0.634), observed pain (p=0.236), or in attained OAA/S score 
(p=0.647) during the procedure (Table 2).

Table 2. Dosage of propofol, alfentanil, pain, OAA/S

EA (n=51) SA (n=51) PA (n=50) p-value

Propofol (mcg/kg/min) 147 (109-193) 141 (124-180) 141 (112-182) 0.776

Alfentanil (mcg/kg/min) 0.08 (0.05-0.13) 0.06 (0.04-0.12) 0.08 (0.05-0.12) 0.634

Pain (NRS) 0 (0-2) 1 (0-3) 0 (0-2) 0.236

OAA/S 1 (0-1) 1 (0-1) 1 (0-1) 0.647

Numeric rating scale (NRS); OAA/S Observer’s assessment of alertness/sedation. Data presented as median (IQR).

Global satisfaction among patients (median (IQR) [group EA 6.6 (6.0-7.0) vs. group SA 6.8 
(6.0-7.0) vs. group PA 6.5 (6.0-7.0)]), and sedation side effects (median (IQR) [group 6.2 
(5.6-6.6)) vs. group SA 6.4 (6.0-6.8) vs. group PA 6 (5.5-6.6)]) were not significantly different 
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between the three groups (p=0.481; p=0.155). Global satisfaction (median (IQR)) among 
gastroenterologist was similar in all groups [group EA, SA, PA 6.0 (5.0-6.0), p=0.773] (Table 3).

Table 3. Satisfaction and side effects

EA (n=51) SA (n=51) PA (n=50) p-value

PSSI: Sedation side effects 6.2 (5.6-6.6) 6.4 (6.0-6.8) 6    (5.5-6.6) 0.155

PSSI: Global satisfaction 6.6 (6.0-7.0) 6.8 (6.0-7.0) 6.5 (6.0-7.0) 0.481

CSSI: Global satisfaction 6.0 (5.0-6.0) 6.0 (6.0-6.0) 6.0 (5.0-6.0) 0.773

Data presented as median (IQR). PSSI, Patient Satisfaction with Sedation Instrument; CSSI, Clinical Satisfaction with 
Sedation Instrument. PSSI/CSSI scores range from 1 (very dissatisfied) to 7 (highly satisfied).

The number of cardiorespiratory adverse events (Table 4), and also haemodynamic 
parameters during recovery (HR, NIBP, SpO

2
, and Aldrete score) (data not shown) were not 

significantly different between the three groups.

Table 4. Cardiorespiratory events

EA (n=51) SA (n=51) PA (n=50) p-value

Airway action 10 (20%) 14 (27%) 13 (26%) 0.654

Hypoxemia 1 (2%) 2 (4%) 1 (2%) 0.767

Hypotension 34 (68%) 35 (69%) 38 (76%) 0.618

Hypertension 0 (0%) 3 (6%) 3 (6%) 0.213

Bradycardia 14 (28%) 9 (18%) 12 (24%) 0.461

Tachycardia 6 (12%) 6 (12%) 5 (10%) 0.942

Arrhythmia 2 (4%) 2 (4%) 0 (0%) 0.362

Data presented as number of patients n (%).

DISCUSSION

In our study, electro-acupuncture did not show any sedative effect. It could neither reduce 
the dosage of propofol that was necessary to achieve an adequate level of sedation 
during colonoscopies, nor significantly lower the number of adverse cardiorespiratory 
events. Besides, there was no significant difference in satisfaction among patients and 
gastroenterologists between the electro-acupuncture group and the two control groups.

Level of analgesia and sedation

In contrast to these findings, Lee et al. concluded in a systematic review about acupuncture 
for gastrointestinal procedures that acupuncture might have a sedative effect during 
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gastrointestinal procedures that is greater than sham-acupuncture and similar to 
premedication with a combination of an opioid and a benzodiazepine.27 This result is 
supported by three other trials that found a significant effect of acupuncture on reducing 
the necessary dosage of sedative drugs and pain during colonoscopy.28-30  Ng et al.30 used in 
128 patients patient-controlled analgo-sedation with propofol and alfentanil. In the studies 
of Ni et al.29 (n= 60 patients) and Fanti et al. (n=30 patients)28 midazolam was given on 
demand if the patient was complaining pain or felt uncomfortably. Both studies used mild 
or moderate sedation aiming for a conscious patient. Additionally, electro-acupuncture was 
started 20-45 minutes before start of the procedure.
Besides the used drug, the method and start of drug administration, and therefore the 
corresponding level of sedation and analgesia were different compared with our trial. All 
groups in our study were sedated with propofol by specialised sedation nurses showing 
a NRS score of 0 (0-2) and an OAAS score of 1 (0-1), which means patients were deeply 
sedated with marginal reaction to mild or even aching prodding and shaking. Additionally, 
we started EA together with propofol sedation.
Leung et al. could show that the time point of acupuncture in relation to the start of sedation 
or procedure is important. Their group found that in blood samples of EA-treated patients 
45 minutes after start of the electro-acupuncture beta-endorphins were significantly higher 
than in the SA group.31 It might therefore be necessary to start EA 20-45 minutes pre-
procedural to allow reaching the maximum level of endogenous opioids before starting 
sedation or colonoscopy, respectively. 
During electro-acupuncture, serotonin pathways at the central insula, and mood and 
affection in higher cortical centres are modulated. This was demonstrated by Chu et al.32 

using functional magnet resonance imaging (MRI) during CT colonography in completely 
awake patients without any form of sedation or analgesia, except for acupuncture. It might 
be possible that brain reactions on noxious stimuli triggered by colonoscopy, and the 
interaction of these stimuli with the acupuncture-evoked effect are inhibited in deeply 
sedated patients. These two aspects could be the reasons why we did not see any effect of 
EA in our trial. 

Limitations

General

Our study was designed as single centre trial in the Academic Medical Centre, an academic 
teaching hospital treating highly complex patients out of the region of Amsterdam. Besides 
experienced gastroenterologists, residents in training examined the patients, probably 
resulting in longer lasting and more complex procedures with the need of deep sedation 
to facilitate the procedure, but counteracting possible effect of electro-acupuncture. 
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Acupuncture Points

In our trial, we used the three acupuncture points (P6, ST36, and LI4) unilaterally. Ni et al.29 
and Fanti et al.28 employed four more points, which were accessed bilaterally: Stomach 37 
(ST37), Spleen 6 (SP6), Spleen 9 (SP9) and the auricular acupuncture point Shen Men. We 
cannot exclude that this extended approach might have had induced additional synergistic 
effects on gastrointestinal symptoms, leading to a reduction of pain and anxiety.  

Electrical stimulation

Another point of discussion could be the time adaption of the electrical stimulator. The 
cited studies differ in choosing frequency of stimulation from low frequency (e.g. 2 Hz) to 
high frequency (e.g. 100 Hz). Low frequency EA seams to involve other central pathways 
than high frequency EA.33 Therefore, different patterns of frequency might have different 
effects on usage of sedatives. Leung et al. showed that the level of beta-endorphins declined 
after reaching the abovementioned peak value at 25-30 minutes of treatment.34 In our trial 
we used a constant stimulation frequency (1-10 Hz) of the electrical stimulator during the 
entire procedure, which eventually can lead to a habituation to the stimulus.  

Strength

Including n=153 patients, we performed one of the largest prospective, observer and patient 
blinded, randomised studies with three comparable groups in baseline characteristics. 
Using sham and placebo groups, we also excluded the placebo effect 35 of acupuncture and 
non-specific effects of puncturing the skin by use of Streitberger placebo needles. 
In contrast to other studies, we used validated questionnaires to evaluate patient and 
endoscopist satisfaction level and their experiences with sedation. Satisfaction level of both, 
patients and endoscopists, were high in all three groups, probably due to the effect of deep 
sedation.26 Furthermore, we integrated acupuncture in daily sedation practice – without 
using extra time- making it feasible for clinical use.

Future

For further studies it would be interesting to use the functional MRI approach of Chu et al.32. 

to evaluate if there is a modified brain reaction on noxious stimuli and acupuncture-evoked 
effect in deeply sedated patients. 

14745_SEberl_BW.indd   161 25-07-17   12:44



162

Chapter 12

CONCLUSION

Electro-acupuncture did not show any propofol-sparing sedative effect compared with 
sham- and placebo-acupuncture. It could neither reduce the dosage of propofol and 
alfentanil that was necessary to achieve an adequate level of sedation and analgesia 
during colonoscopies, nor significantly lower the number of adverse cardiorespiratory 
events. Besides, there was no significant difference in satisfaction among patients and 
gastroenterologist between the electro-acupuncture group and the control groups.
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We all know, the human brain might not perform optimally during stressful situations. 
Therefore, essential steps in the treatment of unexpected periprocedural situations and 
emergencies especially in unfamiliar surroundings outside the operation room (OR) may be 
missed. Cognitive aids help health care providers to take all treatment steps in correct order, 
to use the same terminology in multidisciplinary teams, and thereby to improve the quality 
of patient treatment in critical situations outside the OR. 
We present the case of a severe anaphylactic reaction during a radiologic intervention to 
drain an echinococcosis cyst outside the OR, in which cognitive aids were successfully used 
to optimise patient care.  
A 35-year-old male, ASA physical status II (85 kg, 180 cm) was scheduled for percutaneous 
transhepatic drainage under deep sedation of a multivesicular hydatid cyst located in the 
right liver lobe in close contact to the bifurcation of the vena porta. 
On admission, the patient was normotensive (112/62 mmHg), in sinusrhythm (75 bpm), and 
with a peripheral oxygen saturation (SpO

2
) of 100%. 

In the radiology suite an 18-gauge IV was inserted and lidocaine 50 mg and clemastin 2 mg 
were given intravenously. Two L/min of oxygen were administered by nasal cannula. Heart 
rate (HR), SpO

2
, electrocardiogram (ECG), non-invasive blood pressure (NIBP), and exhaled 

carbon dioxide (exCO
2
) were constantly monitored. After time-out with the radiologist, 

the sedation specialist – a sedation trained anaesthesia nurse - injected 250 mcg alfentanil 
and started propofol infusion aiming for an Modified Observer’s Assessment of Alertness/
Sedation (MOAA/S) score of 2, meaning that the patient responds only after mild shaking. 
After achieving this sedation level, the radiologist started the procedure. Immediately after 
injecting contrast material into the cyst, spill from the cyst occurred towards the right 
vena portae. Simultaneously, the patient developed a sinus-tachycardia (106 bpm) and 
hypotension (41/16 mmHg). 
The sedation specialist directly called for help and started mask ventilation. At arrival of 
the anaesthesiologist, sinus-tachycardia had increased to 140 bpm, while NIBP and SpO

2
 

were unrecordable. No pulsations of the carotid artery or femoral artery were palpable. A 
cardiac arrest scenario secondary to an anaphylactic reaction was declared and cardiac 
compressions were started. For treatment of the anaphylactic shock, 1 mg adrenaline 
was administered intravenously. The patient was intubated without any problems and 
ventilated with a FiO

2
 of 1.0. A further 1 mg adrenaline and 2 mg phenylephrine was given iv. 

during CPR. Shortly thereafter the patient regained return of spontaneous circulation with 
low systemic pressure (52/32 mmHg). Continuous infusions of 0.1 mcg/kg/min adrenaline 
and 0.08 mcg/kg/min noradrenaline were started and an attending medical student was 
asked to read aloud the cognitive aids concerning anaphylactic reaction to ensure that all 
required actions have been taken. It turned out that two treatment interventions had been 
missed. First, no additional intravenous fluids had been given. Four bags of NaCl 0,9% had 
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been placed next to the patient but not been connected with his IV line. After realising this 
omission, the patient received 1l of NaCl 0,9% and 1l of colloids within 10 min. Starting from 
here, blood pressure stabilised  (98/67 mmHg).
The second omission was “consider corticosteroids to decrease biphasic response”. The 
attending anaesthetist had assumed that application of corticosteroids was a standard 
procedure before percutaneous hydatid cyst drainage. However, this was not the case. 
Thereupon the patient received 50 mg prednisolone iv. Ten minutes later the patient was 
in haemodynamic stable condition transferred to the ICU. The trachea was successfully 
extubated the following day, and the patient discharged home two days later.
Percutaneous treatment of a hydatid cyst is usually performed under deep sedation outside 
the OR with a team consisting of a sedation specialist, a radiologist and a radiology technician. 
Anaphylactic reactions during the procedure are rare (1.7%), but carry a mortality rate of 
0.03%.1 In such a critical situation it is important that all members of this multidisciplinary 
team speak the same “language” and use the same approach. Although in the presented 
case the medical team managed this emergency in a professional manner, two important 
things – fluid therapy and corticosteroids – would have been missed without the critical 
aids.
The literature shows that multidisciplinary teams dealing with emergency situations 
frequently omit critical treatment steps.2 Cognitive aids can help to reduce the number 
of omitted steps and improve communication within the team during a crisis.2-5 Cognitive 
aids should provide a framework with all the cardinal treatment steps of a crisis to off-load 
some of the teams cognitive duties. This will allow the team to increase its bandwidth to 
more effectively deal with the more complicated issues like e.g. underlying causes of the 
crisis. In our hospital, the Academic Medical Centre in Amsterdam, cognitive aids have been 
implemented since 2013 and are routinely used during clinical emergencies.6 They also 
have a central role in teaching, for residents and staff, as well as for nurse anaesthetists.7 In 
the presented case we cannot be certain that the outcome of the patient would have been 
less good without the use of a cognitive aid. However, with the cognitive aid the omitted 
steps were identified intermediately. We know that the human brain is fallible, especially 
under stress and in situations with a high cognitive load.8 Cognitive aids can never replace 
the expertise or skills of medical personnel, however they can reduce human error and 
hereby improve quality of care. 

14745_SEberl_BW.indd   170 25-07-17   12:44



171

COGNITIVE AIDS „A MUST“ FOR PROCEDURES?

13

REFERENCES
1.  Neumayr A, Troia G, de Bernardis C. Justified concern or exaggerated fear: The risk of anaphylaxis 

in percutaneous treatment of cystic echinococcosis — a systematic literature review. 
 PLoS Negl Trop Dis 2011; 5: 1154-1160
2. Arriaga AF, Bader AM, Wong JM, et al. Simulation-based trial of surgical-crisis checklists. 
 N Engl J Med 2013; 368: 246-253
3. Harrison TK, Manser T, Howard SK, Gaba DM. Use of cognitive aids in a simulated anaesthetic crisis. 
 Anesth Analg 2006; 103: 551-556 
4. Goldhaber-Fiebert SN, Howard SK. Implementing emergency manuals: can cognitive aids help 

translate best practices for patient care during acute events? 
 Anesth Analg 2013; 117: 1149-61
5. Marshall SD, Mehra R. The effects of a displayed cognitive aid on non-technical skills in a simulated 

can’t intubate, can’t oxygenate crisis. 
 Anaesthesia 2014; 69: 669-677
6. http://www.anesthesiologie-amc.nl/spoedbundel
7. Koers L, Schlack WS, Preckel B. Cognitive aids for emergencies in the OR. 
 Ned Tijdschr Geneesk 2015; 159: A8325
8. Lavie N. Perceptual load as a necessary condition for selective attention. 
 J Exp Psychol Hum Percept Perform 1995; 21: 451-468

14745_SEberl_BW.indd   171 25-07-17   12:44



14745_SEberl_BW.indd   172 25-07-17   12:44



14
NATIONAL AUDIT INTO THE SAFETY 
OF DEEP SEDATION PERFORMED BY 
SEDATION PRACTITIONER NURSES

Koers L, Eberl S, Cappon A, 
Bouwman A, Preckel B.

Submitted British Journal of 

Anaesthesia

14745_SEberl_BW.indd   173 25-07-17   12:44



174

Chapter 14

ABSTRACT

Background: In the Netherlands, sedation practitioners under indirect supervision of an 
anaesthesiologist perform a significant proportion of moderate-to-deep sedations. To 
evaluate safety of this practice, a national registry of sedation related adverse events was 
assembled. 

Methods: This prospective observational data registry included all consecutive cases of 
adults undergoing procedural analgo-sedation in 24 Dutch hospitals from the 1st February 
2015 to 1st March 2016. Data was collected with an adopted adverse event-reporting tool 
from the International Sedation Task Force of the World Society of Intravenous Anaesthesia.

Results: 11.869 patients undergoing moderate-to-deep sedation for a wide range of 
procedures are included in the registry. Patients had a median (IQR)) age of 64 years (IQR 
51-72) and were classified as ASA 1 in 19.1%; ASA 2 in 57.6%; ASA 3 in 21.6%, and ASA 4 
in 1.2% of the cases. 1393 patients (11.7%) experienced at least one adverse event. The 
majority of these patients (92%) received a - mostly simple - intervention (e.g. chin lift) to 
treat the adverse event. Sixteen patients (0.13%) required an unplanned hospital admission, 
2 patients (0.017%) had a poor outcome, both related to the procedure and not to the 
sedation. 

Conclusion: Moderate to deep sedation performed by trained sedation practitioners results 
in a low serious complication rate. On-going evaluation of care processes is required, to 
ensure further performance improvement.
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INTRODUCTION

Sedation provided by anaesthesiologists has been shown significantly to reduce sedation 
related complications compared with non-anaesthesiologist administered sedation.1 
However, the growing demand for procedural sedation and analgesia (PSA) stretches the 
service provision of anaesthesiologists. In order to accommodate the growing demand for 
procedural sedation a special sedation practitioner (SP) training programme for certified 
anaesthetic nurses has been developed in the Netherlands. Since 2007 moderate to deep 
PSA has been provided by SPs for a wide range of patients (ASA I to ASA IV classifications) 
and procedures - under indirect supervision of an anaesthesiologist. However, no data 
exists regarding the safety and efficacy of this practice. 
Definitions for sedation related adverse events (AEs) vary widely in the literature with 
reported AE incidence rates of 0.65% to 49%.2-6 The International Sedation Task Force 
(ISTF) of the World Society of Intravenous Anaesthesia (SIVA) therefore created a tool to 
standardise the definitions of sedation related AEs.7  

The aim of this study was to report the incidence and management of sedation-related 
AEs during PSA performed by SPs in the Netherlands using the World SIVA adverse event 
reporting tool.7 Our hypothesis was that SPs are able to guarantee safe sedation practice 
with a complication rate of serious events of < 0.1%.  

METHOD

This prospective observational data registry includes consecutive cases of adult patients 
undergoing PSA in 24 Dutch hospitals from the 1st February 2015 to 1st March 2016. 
In order to make this study feasible, data was collected in an anonymous fashion. The 
requirement for informed consent was waived by the Medical Ethics Committee of the 
Academic Medical Centre, Amsterdam (W15_031#15.0040).  

Setting of the study

The SP curriculum is a part-time programme consisting of a total of 1264 hours. In order to 
be eligible to enter the training programme, experience as a certified anaesthesia nurse or 
anaesthesia physician assistant is required. 
In the Netherlands, anaesthesia nurses have completed a 3-year fulltime training 
programme; they are trained in advanced life support, have advanced airway skills, and are 
allowed to give certain drugs to the patient during anaesthesia under indirect supervision 
of an anaesthesiologist. 
A certified SP is allowed to perform PSA own his own responsibility under indirect supervision 
of an anaesthesiologist.8 PSA is usually provided outside of the operating theatre in the 
endoscopy or radiology department. The supervising anaesthesiologist must therefore 
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be available within 1-5 minutes. He is consulted for advice and is present during PSA for 
patients with ASA 3 and 4 classifications, complex cases otherwise, or emergency situations. 
The SP performs the preoperative screening of the patients scheduled for PSA. ASA 1 and 
2 patients are usually screened only on paper. Further clinical assessment of e.g. the airway 
will be done just before the procedure. ASA 3 and 4 patients are usually seen in the pre-
operative assessment clinic either by an anaesthesiologist, anaesthetic trainee or by the SP. 
Standard rules for pre-anaesthetic fasting is followed. No analgesia or sedatives are given 
for premedication. 
Patients receive standard monitoring: ECG, SpO

2
, NIBP, and end-tidal carbon dioxide (etCO

2
) 

according to the Dutch PSA guideline.8 A SURPASS checklist9 is performed by the entire 
team before the start of the sedation. Sedative and analgesic drugs are chosen by the 
discretion of the SP. The SP is also responsible for the patient on the recovery unit.  

Data collection with the adverse event-reporting tool

For this study, the adverse event-reporting tool from the ISTF of the World SIVA7 was 
translated to Dutch. An electronic or paper based version of the tool could be used 
according to the preference of the participating centre. Data was reported by the SP at the 
end of the procedure, with help of the electronic anaesthetic case notes with automated 
registration of vital signs. Patient age, ASA classification, medical history, method of pre-
assessment, type of procedure, urgency classification of the procedure, presence of an 
anaesthesiologist, and anaesthetic drugs used were recorded. 

Definitions

Definitions for sentinel, moderate, minor and minimal descriptors, interventions and 
outcomes are based on the definitions made by Mason et al.7 

Sentinel risk descriptors are: 

Severe or prolonged oxygen desaturation: any oxygen saturation (SpO
2
) <75% or SpO

2
 

<85% for >60 s; 
Prolonged apnoea: cessation of respirations for >60 s; 
Aspiration: inhalation of foreign material such as gastric contents into the respiratory tract;
Cardiovascular collapse or shock: clinical evidence of inadequate perfusion;
Cardiac arrest: absent pulse.  

Sentinel interventions are chest compressions, tracheal intubation, or the administration of 
neuromuscular blockers, vasopressors including epinephrine, ephedrine, phenylephrine, 
noradrenaline, or atropine for bradycardia. 
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Sentinel outcome includes permanent neurological deficit, pulmonary aspiration syndrome, 
or death.

Moderate risk interventions are administration of bag valve mask ventilation or continuous 
positive airway pressure, insertion of laryngeal mask airway or an oral or nasal airway, the 
administration of sedative reversal agents (i.e. naloxone, flumazenil), the administration of 
anticonvulsants or the rapid administration of intravenous fluids. 
Moderate risk outcome includes unplanned hospitalization or escalation of care.

Minor risk descriptors are:  
Oxygen desaturation: SpO

2
 75–90% for < 60 s, airway obstruction

Failed sedation: inability to attain suitable conditions to humanely perform the procedure;
Allergic reaction without cardiovascular collapse;
Alteration in vital signs of 25% from baseline (bradycardia, tachycardia, hypotension, 
hypertension); seizure. 

Minor risk interventions include airway repositioning, tactile stimulation, airway suctioning, 
and incremental supplementation of oxygen. These events are not associated with 
permanent injury therefore there is no minor risk outcome.

Minimal risk descriptors are vomiting or retching, muscle rigidity or myoclonus, agitation or 
prolonged recovery with a failure to return to baseline clinical status within 2 hours. 

Minimal risk interventions include administration of additional sedatives, anti-emetics, or 
antihistamines. Again, these events are not associated with permanent injury therefore 
there is no minimal risk outcome.

Severity ratings were also defined by Mason et al.7 as a sentinel risk by the presence of a 
sentinel risk descriptor, intervention or outcome. Moderate risk was defined as the presence 
of a moderate risk intervention or outcome. Minor Risk was defined as the presence of a 
minor risk descriptor or intervention, and finally, minimal risk as the presence of a minimal 
risk descriptor or intervention.

Statistics

Statistical analysis was performed with IBM SPSS Statistics for Windows, (Version 23.0 Armonk, 
NY: IBM Corp 2015). Descriptive statistics were used to express means for all data. Data was 
assessed for normal distribution with histograms. Normally distributed data was reported as 
mean + standard deviation (SD) and non-normally distributed data was reported as median 
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and interquartile range (IQR). Chi square and Fishers exact test were used to test categorical 
data. A p-value of <0.05 was considered statistically significant.

RESULTS 

The registry contains 11.869 patients with a median age of 64 (IQR 51-72). Patients were 
classified as ASA 1 in 19.1%, ASA2 2 in 57.6%, ASA 3 in 21.6%, and ASA 4 in 1.2% of the cases. 
Co-morbidities of the patients are shown in table 1. 
Ninety-three percent of the procedures were elective and 7% were emergency procedures. 
The median duration of the procedures was 20 minutes (IQR 11-40)(Table 2). 
Propofol was used in 96.7% of the cases either as a continuous infusion (81.9%) or as bolus 
(18.1%). The mean dose of propofol was 7.1 mg/min with a median of 190 mg (IQR 100-310) 
per procedure. Other used hypnotics, either alone or in combination with propofol were 
esketamine in 10.3%, midazolam in 2.9% and etomidate in 0.1% of the cases. More than 
half of the patients received additional short-acting opioids, such as a remifentanil infusion 
(with or without bolus) in 12.9%, a bolus with alfentanil in 44.2%, or fentanyl in 3.7% of the 
cases.   

Table 1. Comorbidities

% of patients

Ischaemic heart disease 9.7%

AoV 2.5%

MV 2.1%

Congenital heart disease 0.6%

Cardiac other 8.6%

Hypertension 24.9%

Diabetes 9.3%

COPD 9.9%

Emphysema 0.7%

Asthma 2.6%

Renal insufficiency 2.5%

Obstructive sleep apnea syndrome 2.3%

Morbid obesity 4.3%

Other 20%

AoV: aortic valve stenosis/regurgitation, MV: mitral valve stenosis/regurgitation. Cardiac other: arrhythmia, 
congestive heart failure, other valvular disease. Morbid obesity = BMI > 35, Renal insufficiency = GFR < 60ml/
min/1.72m2)

Sedation related AEs

There were 1394 (11.7%) patients who experienced at least one sedation related AE. 1282 
(92%) patients required an intervention. 
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Events were classified as sentinel risk in 342 (24.5%), moderate risk in 280 (20.1%), minor risk 
in 709 (50.9%), and minimal risk in 63 (4.5%) of the cases (Tables 2 and 3). 
Anaesthesiologists were called to events in general in 15.9% of the cases and to moderate 
or sentinel risk incidents in 21% and 14.6% of the patients, respectively. In all other cases, 
the SP was able to manage the sedation related AEs alone. The risk of a sedation related 
AE significantly increased with ASA score (7.4%; 11.7%; 15.1% and 20.3% for ASA classes I 
to IV (p<0.001)). The risk of a sentinel or moderate risk AE significantly increased with the 
duration of the procedure. For procedures less than 60 minutes, the risk was 4.9%; between 
61-120 minutes 12%; between 121-180 minutes 15,2%, and for procedures longer than 180 
minutes 15.6% (p<0.001).

Respiratory AEs

There were 981 patients who experienced at least one respiratory incident. Incidents were a 
desaturation of < 60 s to a SpO

2
 75-90% in 547 (4.6%) and > 60 s to a SpO

2
 <85%, or a SpO

2 

< 70% in 61 (0.5%) cases. Apnoea for < 60 s occurred in 155 (1.3%) and apnoea for > 60 in 8 
(0.07%) patients.  Airway compromise necessitating an intervention (e.g. chin lift) occurred 
in 390 (3.3%) patients. One patient experienced a bronchospasm as a result of an allergic 
reaction. Ninety-six percent of the respiratory adverse events required an intervention. 
These were additional sedatives in 21 (0.2%), antihistamine in 4 (0.03%), tactile stimulation 
in 185 (1.6%), additional oxygen in 299 (2.5%), airway repositioning in 670 (5.6%), oral/nasal 
airway 231 (1.9%), bag valve mask-assisted ventilation in 120 (1%), a laryngeal mask airway 
in 4 (0.03%), CPAP in 7 (0.06%), reversal agents in 7 (0.06%), and tracheal intubation with 
non-depolarising neuromuscular blocking drugs in 5 (0.07%) patients.

Vomiting

Vomiting occurred in 38 (0.3%) of the patients. Only 3 of these patients underwent 
emergency procedures. In all of the cases the patients had fasted for at least 6 hours. 
Twenty-eight patients required an intervention other than turning the (head of) patient and 
oral suctioning. Seven patients (0.06%) aspirated, all received deep suctioning. Four patients 
required intubation. Three patients needed to be admitted for on-going respiratory care in 
the form of nebulising and observation for respiratory deterioration. None of the patients 
developed aspiration pneumonia or required intensive care admission. 
Aspiration occurred during endoscopic retrograde cholangiopancreatography (ERCP) (2), 
oesophago-gastroduodenoscopy (2), colonoscopy (1), and others (2). No procedure was 
significantly associated with aspiration. 
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Table 2. Procedures

Gastroenterological procedures

Colonoscopy 2793 (23.5%)

OGD 2114 (17.8%)

OGD & colonoscopy 336 (2.8%)

ERCP 1910 (16.1%)

OGD & ERCP 30 (0.3%)

Respiratory procedures 

Bronchoscopy 137 (1.2%)

EBUS 268 (2.3%)

Bronchoscopy & EBUS 75 (0.6%)

Sleep-endoscopy 365 (3.1%)

Cardiological Procedures

ICD implantation 48 (0.4%)

ECV 1003 (8.5%)

PVI 472 (4%)

TEE 227 (1,9%)

PVI + TEE 11 (0.1%)

Urogenital procedures

ESWL 171 (1.4%)

Gynaecologic 642 (5.4%)

Other procedures

Intervention radiology 189 (1.6%)

Other 961 (8.1%)

OGD: oesophago-gastro-duodenoscopy, ERCP: endoscopic retrograde coledocho-pancreaticography, EBUS: 
endobronchial ultrasound, ICD: internal cardiac defibrillator, ECV: electrocardioversion, PVI: pulmonary vein 
isolation, TOE: transoesofageal echocardiography, intervention Radiology (i.e. coiling, thrombosuction, stent 
placements, drain placements), Gynaecologic procedures (i.e. IUD placement, curettage, hysteroscopy etc.), ESWL: 
external shockwave lithotripsies. Other procedures (i.e. peroral endoscopic myotomy, radiofrequency ablation, 
pain interventions such as coeliac plexus or stellate ganglion block, neuromodulation, VAC dressing change, 
incision and drainage perianal abscess etc.). 

Haemodynamic AEs

Four hundred four patients experienced at least one haemodynamic AE. These were 
bradycardia in 47 (0.4%), tachycardia in 15 (0.1%), hypotension in 333 (2.8%), hypertension 
in 24 (0.2%), cardiovascular collapse in 2 (0.016%), and cardiac arrest in 2 (0.016%) cases. 
Interventions were necessary in 349 incidents (86.4%) and included rapid IV fluids in 43 
(0.4%), ephedrine or phenylephrine in 224 (1.9%), noradrenaline in 26 (0.2%), adrenaline in 
4 (0.03%), atropine to treat bradycardia in 32 (0.3%), chest compressions in 2 (0.02%) and 
tracheal intubation in 3 (0.03%) instances (Table 3-5). 
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Table 3. AE per procedure 

Procedure sr AE % sentinel 
sr AE

% of procedures  
with SSR

PVI + TEE 45.5%    40% 18.2%

EBUS 29.9% 27.5%   8.2%

PVI 27.5%    10%   2.8%

Bronchoscopy 26.5% 19.4%   5.1%

ICD implantation    25% 16.7%      2%

Bronchoscopy + EBUS    24%    11%    2.7%

OGD + ERCP    20% 33.3%    6.7%

Intervention radiology    19%    25%    4,8%

ERCP 11.9%    32%    3.8%

OGD + Colonoscopy 11.6%    23%    2.7%

OGD 10.3% 29.8%   3.1 %

Colonoscopy   9.5% 32.2%       3%

ESWL   9.4% - -

TEE   7.9% 38.9%     3.1 %

Sleep-endoscopy   7.4% - -

Gynaecology      7% 15.6%    1.1%

ECV   6.1%   6.6%       0.4%

Other 13.8% 21.8%       3%

Sr AE= percentage of adverse events during PSA for specific intervention. 
% of sentinel sr AE= percentage of adverse events with sentinel rating. 
% of procedure complicated with SSR= risk of adverse event with sentinel risk score per procedure under PSA.

Table 4. Incidents during PSA

Minimal risk descriptors

Vomiting 38 (0,2%)

Myoclonus, rigidity 4 (0,03%)

Agitation 71 (0,6%)

Prolonged recovery 0

Minor risk descriptors

SpO
2
 <60 s (90-75%) 547 (4,6%)

Apnea <60 s 155 (1,3%)

Airway compromise 390 (3,3%)

Failed sedation 4 (0,03%)

Allergic reaction without anaphylaxis 1 (0,008%)

Bradycardia 47 (0,4%)
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Table 4. Incidents during PSA

Tachycardia 15 (0,1%)

Hypotension 333 (2,8%)

Hypertension 24 (0,2%)

Seizure 1 (0,008%)

Sentinel risk descriptors

SpO
2
 <85% >60 s or <70% 61 (0,5%)

Apnea > 60 s 8 (0,07%)

Aspiration 7 (0,06%)

Cardiovascular collapse 2 (0,016%)

Cardiac arrest 2 (0,016%)

Table 5. Interventions to treat srAE 

Minimal risk interventions

No intervention 111 (0.9%)

Additional sedatives 78 (0.7%)

Antiemetics 15 (0.1%)

Antihistamine 4 (0.03%)

Minor risk interventions

Airway repositioning 670 (5.6%)

Tactile stimulation 185 (1.6%)

Additional oxygen 299  (2.5%)

Moderate risk interventions

Bag valve mask-assisted ventilation 120 (1%)

Laryngeal mask airway 4 (0.03%)

Oral/nasal airway 231 (1.9%)

CPAP 7 (0.06%)

Reversal agents 7 (0.06%)

Rapid IV fluids 43 (0.4%)

Anticonvulsant 1 (0.008%)

Sentinel risk interventions

Chest compressions 2 (0.02%)

Tracheal intubation 8 (0.07%)

Neuromuscular block 6 (0.05%)

Epinephrine or phenylephrine 224 (1.9%)

Noradrenaline 26 (0.2%)

Adrenaline 4 (0.03%)

Atropine to treat bradycardia 32 (0.3%)
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Patient outcomes 

Sixteen patients (0.13%) required an unplanned hospital admission, one patient died after 
a postprocedural bleeding. The patient was a 69-year-old man receiving palliative care for a 
metastasised stomach cancer. This patient underwent PTC for biliary obstruction secondary 
to abdominal tumour mass. He was preoperatively noted to have a coagulopathy, for which 
he had received vitamin K and thrombocytes. The procedure went uneventful, however, 
postprocedural the patient became haemodynamically instable and ultrasound revealed 
intra-abdominal bleeding. The PTC drain did not drain any blood. Because of the overall 
condition and prognosis of the patient, the team and the patient`s family decided not to 
pursue any further interventions, other than ones aimed at patient comfort. The patient 
died later that day.
Two patients required resuscitation because of a cardiac arrest, one during asystole, 
secondary to pneumatic dilatation of the oesophagus. This patient fully recovered. The 
other patient suffered from cardiac arrest secondary to a sheath related air embolus during 
pulmonary vein isolation (PVI) on the cardiac catheterisation laboratory. This patient was 
left with a permanent neurological deficit. Two patients developed severe haemodynamic 
collapse; one due to a cardiac tamponade during PVI, the other due to an anaphylactic 
shock secondary to a rupture of an ecchinococcus cyst during a radiological percutaneous 
drainage procedure. All four patients were admitted to the intensive care unit after the 
procedure. Four patients – intubated during the respiratory event – were admitted to the 
recovery ward until extubation (all <6 hours). Eight other patients were admitted to the 
hospital for on-going monitoring, one after an anaphylactic reaction after bronchoscopy, 
3 with postprocedural hypotension after colonoscopy or ERCP, and 4 patients with 
respiratory problems requiring nebulisers and supplemental oxygen after bronchoscopy 
or endobronchial ultrasound (EBUS). All were discharged home in good condition the next 
day.   

DISCUSSION

Our data confirmed our hypothesis that PSA performed by trained SPs results in a low 
complication rate for serious AEs of 0.017%. We found an overall incidence of sedation 
related AEs defined by the World SIVA reporting tool of 11.7%. The majority could effectively 
be treated with minor interventions and did not lead to patient harm. Similar AE rates are 
reported in literature.2-9 Taking into account the higher number of high-risk procedures, 
patients with ASA III and IV classifications, the reported incidence of hypoxia2 is similar to 
our hypoxia rate of 5.1%. 
The incidence of aspiration during PSA was 0.06%. None of the patients had a poor outcome. 
This is in accordance with previously described outcomes of aspiration in the literature.7 
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One patient in this registry died after placement of a PTC drain. However, this event was not 
related to the sedation procedure. 
The most critical AEs that were recorded were two patients with cardiac arrest and two 
patients with haemodynamic collapse. These AEs were related to the performed procedure 
rather than related to sedation. However, these AEs does emphasise the need for a well-
trained SP to promptly and effectively initiate management in case of such events. 
Procedures that carry the highest risk for significant sedation related events are 
bronchoscopies, EBUS and PVI, either alone or in combination with other procedures (Table 
2). EBUS has a risk of a sedation related AE of 29.9% with a sentinel severity rate in 1⁄3 of these 
cases. Bronchoscopy carries a risk of a sedation related AE of 26.5% with a sentinel severity 
of 19.4%. PVI and PVI combined with transoesophageal echocardiography (TOE) carry a risk 
of 27.5% and 45.5% of sedation related AEs, respectively. Moreover 10% and 40% of these 
sedation related AEs are rated with sentinel severity. It is well known that catheter ablation 
for atrial fibrillation is a high-risk procedure, with a reported mortality of 1:1000 procedures.8 
Four patients needed admission to the hospital after PVI, two of them to a critical care unit. 
PVI was the procedure most complicated by hospital admission and yielded 2 of the 4 most 
critical events and 1 poor outcome. One after a cardiac arrest, secondary to a sheath-related 
air embolus, the other after a catheter-related cardiac perforation and tamponade resulting 
in cardiovascular collapse. 
On the basis of this study the authors can’t discourage PSA for PVI, EBUS or bronchoscopy. 
A factor to take into consideration whether PVI should be performed under PSA is the 
duration of the procedure. Median time for the procedure in this series was 120 minutes 
(IQR 100-180 minutes) with a maximum duration of 640 minutes. It might not be feasible for 
all patients to be comfortable lying still for this period of time. Consequently, the patients 
would have to be sedated quite deep for a long time, exposing them to an increased risk 
of sedation related AEs. 
Novice SP should have sufficient experience in effectively managing critical emergencies 
before they can perform sedation for these procedures. 
Furthermore, these are high-risk interventions and careful periprocedural planning (e.g. 
patient selection, preprocedural optimisation of patients, experienced operator and 
SPs providing PSA and the possibility of direct supervision of an anaesthesiologist) is 
recommended. With increasing complexity of both, the procedures and the comorbidity 
of the patients, thorough preprocedural-assessment, procedural planning and high 
quality postoperative care to identify deterioration early are becoming more and more 
important. Hospitals with sedation programs should have standard operation procedures 
for unexpected emergencies, and optimal postprocedural care for high-risk patients or 
high-risk procedures. 
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Several surgical studies have introduced the concept of failure to rescue.10,11 Failure 
to rescue means that mortality rates between hospitals often not differ because of 
different complication rates but because of the ability to effectively rescue patients from 
complications.10,11  This concept is also applicable to PSA and underlines the importance of 
on-going performance improvement programs in order to ensure good patient outcome. 
A national complication registry of sedation practice should be set up to serve as a source 
for on-going quality improvement.
The limitation of this study is that most data was self-reported by the SP. This could have 
led to the underreporting of sedation related AEs. A fully automated AE reporting system 
from the electronic anaesthetic case notes could prevent underreporting and could be 
established for future registrations. 

CONCLUSIONS

This is the first national audit into the safety of moderate to deep sedation performed 
by sedation practitioners in the Netherlands. This study found low rates of sentinel and 
moderate risk AEs and demonstrated that SPs are able to effectively manage sedation related 
events. On-going evaluation of care processes is required to ensure further performance 
improvement.
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The aim of this thesis was to analyse analgo-sedation procedures outside the operation 
room (OR) focussing on feasibility, patient safety as well as satisfaction of patients and 
operators. 

In the first part we focused on special procedures discussing their suitability for sedation 
outside the operation room in the specific situation. 

Transfemoral implantation of aortic valves (TAVI) – discussed in chapters 21 and 32 - is an 
example of such a procedure. 
It is a complex intervention asking for specific technical skills of the interventional cardiologist, 
together with a nearly motionless patient. This combination usually necessitates general 
anaesthesia or deep sedation. However, by means of risk stratification of individual patients 
before the procedure, growing experience of the operators, continuous improvement of 
implantation devices, and the option to renounce transoesophageal ultrasound control, 
TAVI has become a short-lasting, painless procedure no longer requiring general anaesthesia 
or deep sedation.
The overall complication rate of this procedure is indeed low, but one single complication 
such as aortic dissection, severe aortic regurgitation, major vascular damage, bleeding, or 
stroke can be serious and even lethal. Additionally, we should not neglect that we have to 
deal with a high-risk patient group. Most patients are elderly and have several comorbidities 
that increase periprocedural morbidity and mortality. 
Hence, this is the group of patients in which we would like to avoid general anaesthesia 
or even sedation: the awake patient is still the best monitor we have to diagnose possible 
vascular or neurological complications as early as possible. Not only to diagnose, but also to 
treat these complications immediately, is it necessary to work with a multidisciplinary team.
In the AMC, we started in October 2007 with TAVI procedures under general anaesthesia. 
Three years later in 2010, our local standard for TAVI procedures had become the fully 
awake patient with local wound infiltration, monitored and accompanied by a cardiac 
anaesthesiologist.
Our data show that this approach to transfemoral TAVI is safe and feasible with a very low 
rate of conversion to general anaesthesia. In our population, 2% (4 patients) of all procedures 
had to be converted from local anaesthesia to general anaesthesia: one was converted to 
cardiac surgery due to dislocation of the valve in the left ventricle, another one due to 
severe restlessness of the patient, and the other two patients developed peripheral vascular 
complications making immediate general anaesthesia necessary. 
Although the conversion rate was low, these data show that a procedure, which can easily 
be performed under local anaesthesia, regardless needs the multidisciplinary approach with 
an anaesthesiologist responsible not only for intraprocedural haemodynamic monitoring 
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and treatment, but also for managing of potential complications.3 Therefore, not only the 
form of anaesthesia or sedation matters, but also the configuration of the entire team.

Chapter 4 focused on the different anaesthesia/sedation approaches during different 
treatment procedures for achalasia.4 Achalasia is an oesophageal muscle disease with an 
elevated strain of the lower oesophagus sphincter (LOS) leading to stasis of food and liquid. 
Intention of all treatment therapies for achalasia is, to lower the existing pressure in the 
lower oesophagus sphincter (LOS). One option is an injection with botulinum toxin. This 
treatment is performed under mild sedation with midazolam by the gastroenterologist 
himself without anaesthesia attendance. Option two, pneumatic dilatation, is realised under 
deep sedation with propofol administered by a specialised sedation practitioner. The third 
option, myotomy, can be performed surgically under general anaesthesia on the operation 
room (OR), but also peroral endoscopically (POEM) on the endoscopy suite outside the OR. 
On both locations an anaesthesiologist administers general anaesthesia for the respective 
procedure. 
Although all three therapy forms have the same aim, each individual technique requires 
a tailored sedation-anaesthesia approach. Treatment of achalasia is therefore an excellent 
example of how important the appropriate combination of the respective procedure and 
corresponding sedation approach can be.

Chapter 5 addresses another aspect of sedation outside the OR: is sedation always necessary, 
simply because it is a special demand of the patient or the operator, or is it enough to 
apply only analgesia (without sedation) during possibly painful procedures? Besides all 
advantages of sedation, there are existing drawbacks like cardiopulmonary depression that 
should be avoided if possible.
Colonoscopies are procedures, which do not necessarily need an immobile, unconscious, 
say a sedated patient. A painful procedure requires analgesia, but not compulsory sedation. 
In our review5 we gave a summary of the different analgesics that could be used for this 
purpose, including meperidine6, fentanyl7, alfentanil8-10, remifentanil11,12, and nitrous oxide 
(N

2
O).13-19 Two substances have the capability to be a perfect analgesic solution during 

colonoscopies: alfentanil and nitrous oxide. Both drugs have analgesic and anxiolytic effects, 
a fast begin and end of action, are easy to titrate to the desired level of analgesia, and show 
a superior safety profile. This allows a comfortable and awake patient and facilitates short 
turnover periods.
Additionally, for colonoscopies – but also for other painful procedures - it could be of 
avail to describe the expected painful situations and the analgesic options clearly to the 
patient before the procedure. Giving this information preprocedurally, the patient has the 
possibility to keep control of the situation and demand analgesia on time. Combined with 
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this prearrangement, the “only - analgesia” approach can facilitate a safe and satisfying 
company of the patient during colonoscopies as well as during other painful procedures 
without the potential complications of sedation.

Therefore, we can conclude: Even if there is a demand for sedation stated either by the 
operator or the patient, not each special procedure is suitable for sedation. Sometimes, it is 
more appropriate to use local anaesthesia, analgesics alone, or even general anaesthesia – 
in combination with the fitting team.

This led us to our second question. If we decide to provide analgo-sedation: how can we 
achieve it best? Which drug is suitable for which procedure? 

The term “analgo-sedation” is not unambiguously. Analgo-sedation is a drug-induced 
continuum that combines analgesia with light, moderate or even deep sedation. The level 
of sedation - which also means the level of consciousness of the patient - often depends 
on the chosen drug. 

In chapter 6, we started with the “only analgesic - without sedation” approach during 
CT colonography.20 CT colonography can be a painful procedure with a procedure time 
of approximately 20 minutes.21 For this reason, we selected a single bolus of 7.5 μg/kg 
alfentanil. Alfentanil has its maximum effect within 1–2 minutes and a distribution half life 
of 14 minutes22 – ideal for short lasting, painful procedures.
We could show in this randomised double-blind placebo-controlled multi-centre trial 
that a single bolus of intravenous alfentanil could provide a clinically relevant reduction of 
maximum pain during CT colonography. 
Desaturations as a known consequence of respiratory depression by an opioid were more 
frequently observed with alfentanil, but were not considered clinically relevant because they 
were all short lasting and self-limiting.10 These data showed that the analgesic approach 
without sedation – and even without attendance of anaesthesia staff - could be a way to 
improve CT colonography acceptance. 

Chapter 7 compared this “analgesic approach” of alfentanil with two other analgosedation 
strategies for colonoscopies: Mild sedation combined with analgesia (midazolam and 
fentanyl) and deep sedation with analgesia (propofol and alfentanil).23 
Primary outcomes of this trial were safety aspects for patients and satisfaction level for 
patients and endoscopists. 
All groups showed a high level of satisfaction. However, patients with propofol sedation 
were more satisfied with their sedation experience, although one has to keep in mind that 
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there is no universal definition of patient satisfaction. Pascoe defined patient satisfaction as 
the patient’s reaction consisting of a ‘cognitive evaluation’ and ‘emotional response’ to the 
care they receive.24 This subjective affective component makes measurement of satisfaction 
challenging because often not all relevant items are addressed, and ‘minimal clinically 
important difference’– meaning the smallest meaningful change that a patient can detect 
with confidence – is difficult to define.25 
Gastroenterologist´s (GE) satisfaction varied not significantly between the three alternatives. 
Although GEs are satisfied to perform the procedure with propofol sedation or solely with 
analgesia, patients themselves prefer deep sedation, probably to be not aware of what is 
happening!
Deep sedation is generally achieved using propofol, which has a rapid on- and offset of action. 
However, its therapeutic range is relatively narrow and increases the risk of cardiorespiratory 
side effects.26 There were 47% (28/60 patients) respiratory events associated with sedation 
observed during propofol application, 43% (26/60 patients) during midazolam/fentanyl, 
but only 13% (8/60 patients) in the alfentanil group (p<0.001).
Patients receiving only alfentanil also felt less drowsy, could communicate more rapidly, 
and met discharge criteria immediately after the end of the procedure. 
Anaesthesia closed claims analyses suggest that serious injuries can occur during deep 
sedation, even with properly trained providers27 since deeply sedated patients can stop 
with spontaneous breathing and therefore require assistance to prevent hypoxaemia.
Therefore, patient satisfaction alone is not the main argument in the discussion on how 
to achieve best sedation for a respective procedure. Rex et al.28 investigated satisfaction of 
two different groups who both had to undergo colonoscopy: group 1 was sedated with 
midazolam and meperidine for colonoscopy, group 2 got analgesics only on demand. 
Although pain scores were higher in the “sedation as needed” group, 31 of the 34 patients 
were ‘‘very satisfied’’ and 3 were ‘‘somewhat satisfied.’’ This suggests that satisfaction for the 
patient does not depend on the drugs used and possible pain experienced, but also on the 
compliance to physician recommended treatment and patient`s own personality type.29 It 
also shows that patient satisfaction should not be the decisive factor in the choice of the 
appropriate form of analgo-sedation for a specific procedure.

Chapters 830 and 931 addressed another drug for moderate sedation: dexmedetomidine, 
which is a short-acting selective α

2
A-adrenoceptor agonist with anxiolytic, hypnotic, and 

analgesic properties.32-34 
One of the highest concentrations of α

2
A-receptors is found in the locus coeruleus of the 

central nervous system, a major centre for the natural sleeping patron. Patients receiving 
dexmedetomidine are easily arousable; yet appear calm and comfortable. When they 
remain unstimulated, patients return to a hypnotic state.35 
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Therefore, the expectations of dexmedetomidine to be an ideal medication for moderate 
sedation had been high. Unfortunately, dexmedetomidine could not fulfil these expectations 
in our randomised trail. 
Dexmedetomidine combined with alfentanil was less satisfying and less safe compared to 
propofol-alfentanil in patients undergoing endoscopic oesophageal procedures. Global 
satisfaction among patients and gastroenterologists was significantly lower if patients were 
treated with dexmedetomidine. Main negative points for endoscopists were a rather slow 
onset of action and prolonged recovery combined with an inadequate level of sedation - 
making the endoscopic procedure more difficult. 30 of 31 patients in the dexmedetomidine 
group even needed additional propofol to tolerate the procedure at all. 
For the patients, the most problematic point was a spill over of post-sedation side effects - 
like drowsiness and grogginess - after termination of the procedure, restraining resuming 
of daily life activities. Therefore, they decisively denied the question whether they would 
suggest this form of sedation to one of their friends. 
Considering safety, patients sedated with dexmedetomidine had significantly lower values 
of HR and NIBP during the recovery period. Three patients even suffered serious syncopes 
with serious bradycardia (25, 27 and 35 bpm) and unrecordable NIBP between 75 and 90 
min after the procedure (and actually declared ready to discharge). Jalowiecki et al.36 even 
had to prematurely stop a study investigating dexmedetomidine during colonoscopies 
because of severe bradycardia. Ebert et al.37 concluded that cumulative cardiovascular 
effects of dexmedetomidine might limit its usefulness in less healthy populations, 
suggesting that these effects can aggravate in patients with cardiovascular comorbidities in 
an unpredictable manner. Therefore, we had to conclude that dexmedetomidine was not 
able to banish propofol from its first place on the sedation drugs ranking list for procedural 
sedation.

Chapter 10 investigated the suitability of remifentanil for moderate sedation during 
bronchial thermoplasty (BT) in high-risk severe asthma patients.38 In this trial we were able to 
show that remifentanil sedation combined with propofol and local installation of lidocaine 
is safe and feasible with high satisfaction rates for both, patients and bronchoscopists. 
The majority of patients were moderate sedated with an OAA/S score between 3 and 4, were 
able to open their eyes when called loudly, and responded to assignments. Patients showed 
a median VAS score of overall satisfaction of 9.6 (interquartile range [IQR] 8.5–10.0). This 
conformed to bronchoscopists’ median VAS scores of overall patient cooperation of 9.1 (IQR 
8.5–9.6). All patients were willing to undergo the procedure again and would recommend 
this form of sedation to their best friend. One case of conversion to general anaesthesia 
occurred, but no other serious adverse events were reported. A quality parameter for BTs is 
the number of electrical activations that can be performed on the bronchial system during 
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procedure. This number also depends on the form of sedation, because the patient needs 
to be lying quiet without coughing. The total amount of electrical activations during our 
study was similar to the number that was reached in the largest randomised controlled trial 
- using a wide range of sedation types.39 
Propofol and remifentanil both have the advantage of a rapid onset and termination of 
action, making this combination easy to titrate. Remifentanil reduces cough and airway 
reactivity, resulting in a lower dose of propofol needed, and therefore reduces the risk 
of respiratory events.40 However, it requires skilled personal like specialised sedation 
practitioners, who closely monitor haemodynamic and respiratory parameters, such as 
SpO

2
, respiratory rate, and end-tidal CO

2
, because even small dose modifications can highly 

impact the level of sedation with a shift from moderate to deep sedation or even general 
anaesthesia. Remifentanil might be an ideal agent for moderate sedation, but only in hands 
of the appropriate trained staff.

Chapter 11 attended to a well-known drug: esketamine. In the last years, mainly used in 
prehospital emergencies and for sedation on intensive care departments, esketamine is 
with increasing demand gaining a new position in the field of procedural sedation. 
Our still on-going study focuses on the use of esketamine for deep sedation during ERCP. 
Over the last decade, deep sedation with a combination of propofol and an opioid has 
become the standard sedative regime during ERCP in many countries, despite known side 
effects, such as hypotension and respiratory depression.41-43 

Esketamine possesses not only sedative, but also strong analgesic properties. Furthermore, 
its sympathomimetic effects can counteract the haemodynamic depression of propofol 
and might therefore reduce the risk of cardiovascular and respiratory depression during 
sedation.44 Esketamine could thus be a safer additive to propofol than opioids, to finally 
achieve an adequate level of sedation and analgesia with less negative cardiopulmonary 
side effects due to reduction of the required dosage of propofol and omission of opioids. 
A potential problem concerning esketamine could be its psychotomimetic effects, such 
as visual disturbances, vertigo, or nausea that could compromise patient´s satisfaction.45-47 
There is still little evidence for an improved safety profile of a combination of propofol/
esketamine and it is still open for discussion whether these psychotomimetic effects play a 
significant role in out-patient treatment. 
We aim to demonstrate that the combination of esketamine with propofol for sedation 
in patients subjected to ERCP interventions is nevertheless superior to a combination 
of propofol with an opioid. Hopefully, we can give the answer to this question with the 
scheduled end of the trial in December 2017.
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The same topic, namely how to reduce the necessary dosage of propofol for sedation and 
thereby lower the rate of negative side effects was investigated in chapter 12.48 153 patients 
were randomised to receive electro-acupuncture (EA), sham-acupuncture (SA), or placebo-
acupuncture (PA) combined with propofol/alfentanil sedation during colonoscopies. 
Acupuncture is used worldwide for pain treatment.49-52 Till now, only a few studies 
have reported a significant effect of electro-acupuncture in producing sedation during 
colonoscopy.53-55 
Our own data could not acknowledge this statement. We did not find any significant 
difference between the EA and the control groups: the dosage of propofol did not differ 
between the three groups, and patients were just as satisfied with sedation with or without 
acupuncture. 
Compared with the abovementioned studies that found a sedative effect of acupuncture,53-55 
there were two important differences with our own trial: all patients in our study were 
deeply propofol/alfentanil sedated with low median OAAS scores (0 (IQR 0-1)) which means 
patients were deeply sedated with marginal reaction to mild or even aching prodding and 
shaking. Additionally, we started EA together with propofol sedation. Fanti et al.54 used mild 
sedation with midazolam on demand. Furthermore, they started with electro-acupuncture 
20 to 30 minutes before starting sedation procedure. Leung et al. could show that the time 
point of acupuncture in relation to the start of sedation or procedure is important. Their 
group found that in blood samples of EA-treated patients 45 minutes after start of the 
electro-acupuncture beta-endorphins were significantly higher than in the SA group.55 
Therefore, two reasons could be responsible for our different findings regarding the sedative 
effect of acupuncture. First, brain reaction on noxious stimuli triggered by colonoscopy, and 
the interaction of these stimuli with the acupuncture-evoked effect could be inhibited in 
deeply sedated patients. Second, it might be important to start electro-acupuncture before 
the procedure to allow the on-time release of endorphins.

The overall incidence of sedation related complications is relatively low, but their impact can 
be high. Adverse events attributed to moderate and deep sedation levels are more often 
associated with the cardiovascular and respiratory system. Risk factors for these complications 
include patient’s comorbidity as well as the level of sedation and the used sedative 
agents.56 This risk profile combined with an increasing number of more and more complex 
procedures necessitates the attendance of trained anaesthesia providers, a thoroughly pre-
screening and periprocedural monitoring of the patients to prevent significant morbidity or 
even mortality. Adequate monitoring during procedure includes EKG, NIPD, pulse oximetry, 
and capnography. It is also important to realise that sedation related complication might 
happen during the post sedation period on the recovery suite. Therefore, it is necessary 
to monitor patients thoroughly and to use strictly standardised discharge criteria.
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Another valuable additive in critical situations during sedation procedures outside the 
OR are cognitive aids. Cognitive aids are prompts designed to help users complete a task 
or series of tasks.57 In Chapter 13 we described the case of an anaphylactic shock during 
percutaneous evacuation of an ecchinococcos cyst under deep sedation outside the OR. 
Usually this procedure is performed in a multidisciplinary team consisting of a sedation 
specialist, a radiologist and a radiology technician. If such a team gets into a critical 
situation, it is important that all members speak the same “language” and use the same 
problem solving approach. Literature shows that such multidisciplinary teams dealing with 
emergency situations frequently omit critical treatment steps.57 Cognitive aids can help to 
reduce the number of omitted steps and improve communication within the team during 
a crisis.57,59,60 They provide a framework with all  the cardinal treatment steps of a crisis to off-
load some of the teams cognitive duties. This will allow the team to increase its bandwidth 
to deal more effectively with the more complicated issues. In the AMC, cognitive aids 
have been implemented since 2013 and are routinely used during clinical emergencies. 
They also have a central role in teaching for residents and staff, and specialised sedation 
practitioners.61

The Ministry of Health, Welfare and Sport in the Netherlands adopted 2012 national 
guidelines on an assessment framework for sedation and analgesia outside the OR.62 One of 
the most important points was the introduction and legalisation of a structured education 
and training program for specialised non-physician sedation practitioners. Chapter 14 
presented our own data from a national audit concerning the safety of moderate and 
deep sedation performed by specialised sedation practitioners. This one-year data registry 
contains 11.869 patients who underwent moderate-to-deep sedation for a wide range of 
procedures. Data could show that sedation performed by trained sedation practitioners 
resulted in a low rate for serious AE of 0.017%. 
Nevertheless, there are procedures like endobronchial ultrasound (EBUS) and pulmonary 
vein isolation (PVI) that carry a higher risk of sedation related adverse events compared 
with other procedures. PVI and PVI combined with transoesophageal echography (TOE) 
had a risk of sedation related AE of 27.5% and 45.5%, respectively, and EBUS of 29.9%. These 
findings can provide an answer to the first question of this thesis: which procedures might 
be suitable for sedation outside the OR at all or should better be performed using alternative 
techniques as general anaesthesia. PVI is definitely a procedure that is much safer to be 
performed under general anaesthesia, especially if TOE is used. EBUS can - as our own data 
in chapter 10 could show – safely be performed under moderate sedation outside the OR 
without serious adverse events, but only with well trained staff like sedation specialists. 
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Conclusion, Future, and Challenge

There is a steadily increasing demand for anaesthesia support for diagnostic and therapeutic 
procedures outside the OR. In this context, it is important to differentiate which procedure is 
generally suitable for monitored anaesthesia care (MAC) outside the OR. Criteria which here 
have to be considered include a list of variables concerning procedure, patient, location, 
and anaesthesia provider himself. 
Concerning procedure, it is important to assess invasiveness, complexity and length of the 
procedure, the amount and severity of possible complications and the level of sedation, 
or analgesia needed to perform the procedure. On locations  - outside the OR - where 
monitored anaesthesia care takes place, the same pre-/intra- and postprocedural standards 
(fastening, monitoring, recovery facilities, discharge criteria) and safety rules for patient care 
must obtain than on the OR.
Patients scheduled for minimally invasive procedures outside OR are often high-risk 
patients rejected for conventional surgery.63 Therefore, a precise pre-evaluation of patient`s 
characteristics and – if possible - improvement of existing comorbidities are essential 
aspects. 
Furthermore, the term “sedation” is ambiguous.  Sedation is a continuum reaching from mild 
to moderate and deep sedation, and even general anaesthesia. Therefore, it is necessary to 
know the different sedation levels with their possible complications in order to recognise 
and treat these complications adequately. The sedation provider should be able to choose 
the suitable form of sedation for the different procedures, but should also be able to rescue 
patients from any level of sedation. 
Low-risk procedures (e.g. gastrointestinal endoscopies) can be safely and effectively 
provided by specialised non-physician sedation practitioners, if they have followed 
structured education and training. However, procedures with potentially major risks should 
be accompanied by an anaesthesiologist joining the team. 
The level of sedation also depends on the used drug. The choice of the proper drug can 
optimise safety, satisfaction, and recovery of the patient and effectivity of the procedure. 
Considering the fact that patient satisfaction is a result of different factors, effectivity and 
safety remain the leading parameters. Nevertheless, it is important to consider that a lot of 
these procedures are outpatient procedures with discharge on the same day. Prophylactic 
treatment of postoperative pain, nausea and vomiting is therefore elementary.
If despite all prophylactic arrangements a critical situation arises, open communication 
supported by cognitive aids is an essential additive for multidisciplinary teams outside the OR.
The anaesthesiologist remains one of the most important key players in such teams. 
Therefore, it is necessary to involve anaesthesia departments in an early stage in hospital 
sedation policy. Planning of such “out of OR” programmes should be performed in close 
contact with them.
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Performed as a tailor-made solution for patient and procedure, sedation outside the 
operation room can be a safe and satisfying form of monitored anaesthesia care for all 
parties, patient, anaesthesia staff and requesting specialist.
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De vraag naar anesthesiologische begeleiding voor diagnostische en therapeutische 
procedures buiten de operatiekamer (OK) stijgt voortdurend. 
Een veelheid van medisch specialisten, bijv. mdl-artsen, interventie-cardiologen en 
-radiologen, gynaecologen, tandartsen en zelfs psychiaters vragen om een veilige en 
efficiënte anesthesie ondersteuning voor meer en meer complexe procedures. 
Ook patiënten zijn hedendaags mondiger en niet langer bereid om pijnlijke of stressvolle 
situaties zonder een adequate vorm van analgesie en sedatie te ondergaan. 
Procedures buiten de OK zijn vaak riskanter dan op OK. De benodigde vorm van anesthesie 
varieert van analgesie gecombineerd met milde tot matige of diepe sedatie of zelf algemene 
anesthesie met alle hierbij horende bijwerkingen zoals respiratoire of hemodynamische 
depressie. Patiënten hebben vaker meer comorbiditeit. Bovendien komt erbij dat locaties 
buiten de OK waar de verschillende procedures plaatsvinden, bijv. hartkatheterisatie kamers, 
endoscopie ruimtes, etc. niet de anesthesie standaard - zoals op OK gebruikelijk - kunnen 
bieden.
Criteria om de nodige vorm van analgo-sedatie voor een specifieke procedure te kunnen 
inschatten zijn de procedure, de patiënt, de locatie en de anesthesie provider zelf. Het is 
belangrijk om invasiviteit, complexiteit en de duur van de procedure, het aantal en de ernst 
van mogelijke complicaties en het niveau van analgesie of sedatie te beoordelen. 

Het doel van dit proefschrift was het om de haalbaarheid en veiligheid van analgo-sedatie 
voor procedures buiten de operatiekamer (OK) te analyseren. Tevens werd er gekeken na 
de tevredenheid over de gegeven sedatie van zowel de patiënt als de verrichters van de 
interventies die onder sedatie plaatsvonden.
 
Het eerste deel is gericht op het beoordelen van de geschiktheid van interventies om deze 
buiten de OK onder analgo-sedatie te laten plaats vinden. 
 
De transfemorale implantatie van een aortaklep (TAVI) - besproken in de hoofdstukken 2 
en 3 - is een voorbeeld voor zo een interventie. 
Het is een complexe procedure die   om specifieke technische vaardigheden van de 
uitvoerende cardioloog vraagt gecombineerd met een niet bewegende patiënt. Meestal 
vereist deze combinatie algehele anesthesie of diepe sedatie.
Echter, door middel van risico stratificatie van de individuele patiënt voor de procedure, de 
groeiende ervaring van de cardiologen, continue verbetering van de devices, en het feit 
dat transoesofageale echografie controle en hiermee verbonden een geïntubeerde patiënt 
niet langer noodzakelijk is, is een TAVI een kortdurende en pijnloze procedure geworden 
die niet noodzakelijk om algehele anesthesie of diepe sedatie vraagt.
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Het complicatie percentage van deze procedure is laag, maar een complicatie zoals 
aortadissectie, ernstige aortaklepinsufficiëntie, vasculaire schade, bloeding of een beroerte 
kan wel leiden tot ernstige schade of zelfs de dood tot gevolg hebben. Daarnaast hebben 
we te maken met een hoog-risico patiëntengroep. De meeste patiënten zijn ouder en 
hebben uitgebreide comorbiditeit; allemaal zaken die de peri-procedurele morbiditeit en 
mortaliteit kunnen verhogen. Daarom wordt getracht in deze groep patiënten algehele 
anesthesie te vermijden, door een adequaat monitoring complicaties vroeg te herkennen 
en te behandelen.  Dit vereist dan ook de mogelijkheid tot een directe interventie van een 
multidisciplinair team.
In het AMC werd in oktober 2007 met TAVI procedures onder algehele anesthesie 
begonnen. Binnen 3 jaar was het echter al standaard om de TAVI procedures alleen met 
lokale wondinfiltratie bij een volledig wakkere patiënt uit te voeren, gemonitord en begeleid 
door een cardioanesthesist.
Analyse van onze eigen TAVI data liet zien dat het op deze manier verrichten van een 
transfemorale TAVI zowel haalbaar als veilig was en dat dit met een zeer laag risico van 
conversie naar algehele anesthesie gepaard ging. In onze patiëntenpopulatie moesten 
2% (4 patiënten) van lokale infiltratie geconverteerd worden naar algehele anesthesie. De 
reden hiervoor waren respectievelijk eenmaal een indicatie voor een open hart operatie als 
gevolg van een transkatheterhartklep die vrij flotterend in de linker ventrikel terecht was 
gekomen, bij twee andere patiënten deed zich een perifeer vasculaire complicatie voor 
die een spoedinterventie onder algehele anesthesie noodzakelijk maakte en een patiënt 
bleef te onrustig waardoor de procedure alleen onder algehele sedatie veilig kon worden 
uitgevoerd. 
Hoewel de noodzaak voor een conversie zeldzaam was, bleek toch uit deze gegevens dat 
ook bij een procedure - die makkelijk onder lokale anesthesie kan worden uitgevoerd – 
niet van de multidisciplinaire aanpak met een anesthesioloog die niet alleen voor de 
hemodynamische bewaking en behandeling tijdens de procedure verantwoordelijk is, 
maar ook potentiële complicaties kan beheersen, afstand kan worden gedaan.1 Belangrijk 
is dus niet alleen de vorm van sedatie of anesthesie maar ook de samenstelling van het 
gehele team.

Hoofdstuk 4 richt zich op de verschillende technieken van anesthesie of sedatie tijdens 
verschillende therapeutische opties ter behandeling van achalasie. Achalasie is een 
spierziekte van de oesofagus waar de spierspanning in de onderste oesofagus sfincter zo 
hoog is dat het tot een stase van voedsel en vocht in de oesofagus komt. 
Doel van een behandeling bij achalasie is de spierspanning in de onderste oesofagus 
sfincter (LOS) te verlagen. 
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Een optie is een injectie met botulinum toxine. Deze behandeling wordt uitgevoerd onder 
milde sedatie met midazolam door de mdl-arts zelf zonder anesthesie begeleiding. 
Optie twee, pneumatische dilatatie, wordt gerealiseerd onder diepe sedatie met propofol 
toegediend door een sedatie praktijk specialist, dus een in sedatie gespecialiseerde 
anesthesie medewerker. 
De derde optie, myotomie, kan chirurgisch-operatief worden uitgevoerd op de 
operatiekamer (OK) maar ook peroraal endoscopisch (POEM) op de endoscopie kamer 
buiten de OK. Op beide locaties past een anesthesioloog algehele anesthesie toe.
Hoewel alle drie therapievormen hetzelfde doel hebben, vereist elke techniek toch een 
op maat gemaakte sedatie-anesthesie aanpak. Behandeling van achalasie is dan ook 
een uitstekend voorbeeld, van hoe belangrijk de juiste combinatie van procedure en de 
bijbehorende sedatie aanpak kan zijn.

In Hoofdstuk 5 bespraken wij een ander aspect van sedatie buiten de OK: Is sedatie 
altijd noodzakelijk omdat de patiënt of de uitvoerder van de procedure dat vraagt of is 
het voldoende om tijdens een pijnlijke procedure alleen analgesie (zonder sedatie) te 
geven? Tegenover alle voordelen van sedatie staat namelijk ook een rij aan nadelen zoals 
respiratoire en hemodynamische problemen die zo mogelijk vermeden kunnen worden.
 
Een colonoscopie is een procedure waarbij de patiënt niet noodzakelijkerwijs bewegingsloos 
of buiten bewustzijn, wat betekend gesedeerd hoeft te zijn. De procedure kan wel als 
pijnlijk worden ervaren. Dit betekent dat weliswaar pijnstilling maar niet per se sedatie 
noodzakelijk is. 
In ons review geven we een overzicht over de verschillende pijnstillers die kunnen worden 
gebruikt voor dit doel, waaronder meperidine2, fentanyl3, alfentanil4-6, remifentanil7,8 en 
distikstofmonoxide (N

2
O).9-15 Alfentanil en N

2
O hebben hierbij beide het potentiaal om 

een   ideaal analgeticum voor colonoscopieën te zijn. Beide stoffen hebben pijnstillende 
en anxiolytische effecten, een snel begin en einde van hun werking, eenvoudige titratie 
naar een gewenst analgetisch niveau en een uitstekend veiligheidsprofiel.  Dit maakt een 
comfortabele en alerte patiënt mogelijk en zorgt voor en snelle turnover van patiënten. 
Voor colonoscopieën - maar ook voor andere pijnlijke procedures - kan het bevorderlijk zijn 
de verwachte pijnlijke momenten maar ook de hierbij mogelijke analgetische interventies 
duidelijk met de patiënt vóór de procedure te bespreken. Deze informatie geeft de patiënt 
de mogelijkheid om de situatie onder eigen controle te houden en op tijd om een pijnstiller 
te vragen. Op deze manier - die op “alleen analgesie” berust  - is het mogelijk de patiënt   
veilig en tot zijn tevredenheid door een colonoscopie of een andere pijnlijke procedure te 
begeleiden zonder de potentiele bijwerkingen van sedatie.
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We kunnen dus concluderen dat als er een verzoek voor sedatie is van de verrichter of de 
patiënt niet elke procedure geschikt voor sedatie is.  Soms is het beter voor opties te kiezen 
zoals lokale infiltratie, alleen pijnstillers, of juist algehele anesthesie in combinatie met het 
geschikte anesthesie team. 

Dit leidde ons naar onze tweede vraag. Als we de beslissing nemen om een vorm van 
analgesie of sedatie toe te passen: hoe kan dit dan het best verricht worden? Welk medicijn 
is het meest geschikt voor welke procedure?
Het begrip “analgo-sedatie” is niet volledig eenduidig. Het houdt alles in: analgesie met 
gecombineerd milde tot matige tot diepe sedatie. Het level – dus het bewustzijnsniveau 
van de patiënt - is vaak afhankelijk van het gekozen geneesmiddel. Daarom is de keuze 
van het geschikte middel om het nagestreefde level van analgesie of sedatie te bereiken 
essentieel.

In hoofdstuk 6 wordt de aanpak van “alleen analgesie - zonder sedatie” tijdens CT-
colografie besproken. CT-colografie kan een pijnlijke procedure zijn met een relatief korte 
procedure tijd van ongeveer 20 minutes.16 Als pijnstiller hebben we voor een enkele bolus 
van 7,5 ug/kg alfentanil gekozen. Alfentanil heeft zijn maximale werking na 1-2 minuten 
en heeft een distributie halfwaardetijd van 14 minuten;17 ideaal voor korte en eventueel 
pijnlijke procedures.
We hebben in deze gerandomiseerde dubbel-geblindeerde placebo-gecontroleerde 
multicenter trial laten zien dat een enkele intraveneuze bolus alfentanil een klinisch 
relevante vermindering van de maximale pijn score tijdens een CT-colografie bood. 
Desaturaties een bekend gevolg van respiratoire depressie geïnduceerd door een opioïde 
traden vaker met alfentanil op, maar waren uiteindelijk niet klinisch relevant, omdat ze 
alle kortdurend waren en van zelf stopten.6 Deze data lieten zien dat de “alleen analgesie” 
aanpak in plaats van een combinatie met sedatie - zelfs bij afwezigheid van anesthesie 
personeel - een manier is om de patiënten acceptatie voor een CT-colografie te verbeteren.

In Hoofdstuk 7 wordt de net beschreven “alleen analgesie” aanpak middels alfentanil met 
twee andere analgo-sedatie strategieën voor colonoscopieën vergeleken: milde sedatie in 
combinatie met analgesie (midazolam en fentanyl) en diepe sedatie in combinatie met 
analgesie (propofol en alfentanil).
Primaire uitkomsten van dit onderzoek waren veiligheidsaspecten voor de patiënten en de 
tevredenheid van patiënten en endoscopisten. 
In alle drie groepen werd een hoge patiënttevredenheid gevonden. Echter, patiënten met 
propofol sedatie waren tevredener met hun sedatie beleving, hoewel men er rekening mee 
moet houden dat er geen universele definitie van patiënttevredenheid bestaat. Pascoe 
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definieerde patiënttevredenheid als de reactie van de patiënt bestande uit een ‘cognitieve 
evaluatie’ en een ‘emotionele reactie’ op de zorg die hij kreeg.18 Deze subjectieve affectieve 
component zorgt ervoor dat het meten van tevredenheid een uitdaging is, omdat vaak niet 
alle belangrijke punten worden meegenomen en het ‘minimaal klinisch belangrijk verschil’ - 
wat betekent de kleinste betekenisvolle verandering die een patiënt met zekerheid herkent  
-  moeilijk te beschrijven is.19

De tevredenheid van de MDL-artsen varieerde niet significant tussen de drie verschillende 
alternatieven. Dus hoewel MDL-artsen met elke vorm van sedatie tevreden waren, gaven 
patiënten hun voorkeur aan een diepe sedatie met propofol. Waarbij een belangrijk 
criterium voor de tevredenheid van de patiënt is dat hij/zij niets van de procedure gemerkt 
heeft. 
Diepe sedatie wordt normaliter met propofol bereikt, omdat het een snel werking en 
korte werkingsduur heeft. Echter, propofol heeft een relatief smalle therapeutische brede. 
Dat verhoogd de kans op sedatie gerelateerde cardiopulmonale problemen.20 Tijdens 
propofol sedatie traden er bij 47% van de patiënten (28/60) respiratoire voorvallen op, in 
de midazolam/fentanyl groep bij 43% (26/60), maar in de alfentanil groep slechts bij 13%  
(8/60) (p<0.001).
Patiënten die alleen alfentanil hadden gekregen, voelden zich minder slaperig, konden 
sneller communiceren en hadden, gezien de nu geldige ontslagcriteria, op kortere termijn 
na het einde van de procedure na huis kunnen worden ontslagen.
Diep gesedeerde patiënten laten vaker een niet voldoende spontane ademhaling zien en 
hebben vervolgens hulp nodig om een vrije luchtweg te houden. Anaesthesia closed claims 
analyses  - die de negatieve uitkomsten tijdens anesthesie onderzoeken - suggereren dat 
tijdens diepe sedaties ernstige complicaties kunnen optreden zelfs met excellent opgeleid 
en getraind anesthesia personel.21

Daarom kan patiënttevredenheid niet doorslaggevend zijn omtrent de beste manier van 
sedatie voor een specifieke procedure. Rex et al.22 onderzocht de tevredenheid en de 
bereidheid van patiënten om terug te komen voor een herhaaldelijke colonoscopie in 
twee verschillende groepen: de eerste groep had sedatie met midazolam en meperidine 
gekregen, de tweede groep kreeg sedatie alleen op aanvraag. Hoewel de pijnscores hoger 
waren in de “sedatie zo nodig” groep, waren er 31 van de 34 patiënten ‘’zeer tevreden’’ en 
3 ‘’enigszins” tevreden. Dit suggereert dat patiënttevredenheid niet sec afhankelijk is van 
de gebruikte geneesmiddelen en de eventueel ervaren pijn, maar ook van de compliance 
van een  patiënt en zijn eigen persoonlijkheidsstructuur.23 Patienttevredenheid alleen kan 
daarom niet de cruciale factor in de keuze van de geschikte vorm van analgo-sedatie voor 
een specifieke procedure zijn.
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Hoofdstuk 8 en 9 focussen op een ander middel voor matige sedatie: dexmedetomidine - 
een kortwerkende selectieve α

2
A-adrenoceptor agonist met anxiolytische, hypnotische en 

pijnstillende kwaliteiten.24-26

Een van de hoogste concentraties aan α
2
A-receptoren is in de locus coeruleus van het 

centrale zenuwstelsel, een belangrijk centrum voor de natuurlijke slaap patroon. Patiënten 
die dexmedetomidine krijgen zijn makkelijk waker te maken maar blijven toch rustig 
comfortabel. Wanneer ze niet gestimuleerd worden, vallen ze weer in slaap.27

Daarom was de verwachting hoog dat dexmedetomidine het ideaal middel voor matige 
sedatie zou kunnen zijn. Helaas kon dexmedetomidine in onze gerandomiseerde studie 
niet aan deze verwachting voldoen.
Dexmedetomidine gecombineerd met alfentanil zorgde voor minder patiënttevredenheid 
en was minder veilig in vergelijking met propofol-alfentanil bij patiënten die een 
endoscopische oesofagus procedure moesten ondergaan. De totale tevredenheid van 
patiënten en mdl-artsen was significant lager, wanneer patiënten met dexmedetomidine 
waren behandeld. Belangrijkste negatieve punten voor endoscopisten waren de vrij 
langzame werking  en een langdurige herstelperiode in combinatie met een ontoereikende 
mate van sedatie; wat de endoscopische procedure moeilijker maakte. 30 van de 31 
patiënten in de dexmedetomidine groep hadden zelfs extra propofol nodig om de 
procedure überhaupt te kunnen tolereren.
De post-sedatie bijwerkingen - zoals slaperigheid en sufheid - na beëindiging van de 
procedure, die patiënten tegenhield om hun dagelijkse activiteiten te hervatten werd door 
hen als meest problematisch ervaren. Gevraagd of zij deze vorm van sedatie zouden willen 
voorstellen aan een van hun vrienden antwoordde de meerderheid met een duidelijk “nee”.
Gezien het veiligheidsaspect lieten patiënten in de dexmedetomidine groep significant 
lagere waarden van HR en NIBP tijdens de herstelperiode zien. Drie patiënten liepen zelfs  
syncopen met ernstige bradycardieën (25, 27 en 35 slagen per minuut) en niet meetbare 
NIBP in de tijdsperiode van 75 tot 90 min na de procedure op, alhoewel ze eigenlijk klaar 
waren om na huis te gaan. Jałowiecki et al.28 moest zelfs voortijdig zijn onderzoek over 
dexmedetomidine tijdens colonoscopieën vanwege ernstige bradycardieën stoppen. Ebert 
et al.29 concludeerden dat de cumulatieve cardiovasculaire effecten van dexmedetomidine 
zijn inzetbaarheid in minder gezonde patiënten populaties zou kunnen beperken, wat 
suggereert dat deze effecten zouden kunnen verergeren in patiënten groepen met 
bekent cardiovasculaire comorbiditeiten. Daarom moesten we helaas concluderen dat 
dexmedetomidine niet in staat was om propofol van zijn eerste plaats op de ranglijst voor 
middelen voor procedurele sedatie te verbannen.

In Hoofdstuk 10 werd de geschiktheid van remifentanil voor moderate sedatie tijdens 
bronchiale thermoplastie (BT) in ernstige hoog-risico astmapatiënten onderzocht.

14745_SEberl_BW.indd   210 25-07-17   12:44



211

SAMENVATTING

In dit onderzoek konden we laten zien dat remifentanil gecombineerd met propofol en 
een additionele lokale tracheale verdoving met lidocaïne veilig en effectief is – met grote 
tevredenheid in beide groepen, zowel patiënten als bronchoscopisten.
De meerderheid van de patiënten was matig gesedeerd met een OAA/S score tussen 3 
en 4, hierbij opent de patiënt zijn ogen bij luid aanspreken en reageerde op opdrachten. 
Patiënten toonden een totale tevredenheid van 9.6 (interkwartielafstand [IQR] 8.5-10.0) op 
een visueel analoge schaal (VAS). Dit zagen wij ook terug aan de VAS score van 9.1 (IQR 
8.5-9.6) die de bronchoscopisten voor de patiëntcoöperatie aan het onderzoek gaven. Alle 
patiënten waren bereid om de procedure opnieuw te ondergaan en zouden deze vorm 
van sedatie ook aanbevelen aan hun beste vriend. In één geval moest een conversie van 
sedatie naar algemene anesthesie plaats vinden, verder traden er geen andere ernstige 
bijwerkingen op. Een kwaliteitsparameter voor BTs is de aantal elektrische activaties die 
op het bronchiale system kan worden uitgevoerd. Dit aantal is mede afhankelijk van de 
vorm van sedatie. Belangrijk is een rustige patiënt zonder hoestprikkel. Het totale aantal van 
activaties tijdens ons onderzoek was gelijk aan de aantal die in het grootste gerandomiseerde 
gecontroleerde trial (met diverse vormen van sedatie) bereikt was.30 
Propofol en remifentanil combineren beide het voordeel van een snelle in- en 
uitwerking. Dit zorgt ervoor dat deze combinatie makkelijk te titreren is. Remifentanil 
vermindert de hoestprikkel en luchtweghyperreactiviteit, wat vervolgens resulteert in 
een lagere noodzakelijke dosis propofol. Minder propofol zorgt voor minder risico op 
respiratoire problemen.31 Echter vereist deze sedatie vorm geschoolde sedatie praktijk 
specialisten die nauwlettend hemodynamische en respiratoire parameters zoals SpO

2
, 

ademhalingsfrequentie en end-tidal CO
2
 monitoren, omdat zelfs kleine dosisveranderingen 

een groot invloed op de mate van sedatie kunnen hebben - met een verschuiving van 
matige tot diepe sedatie of zelfs algehele anesthesie.
Concluderend kunnen wij samenvatten dat remifentanil een ideaal middel is voor matige 
sedatie, maar alleen in handen van het adequaat opgeleid personeel.

Hoofdstuk 11 refereert aan een bekend geneesmiddel: esketamine. In de afgelopen jaren 
is ketamine voornamelijk gebruikt op de spoedeisende hulp en voor sedatie op de intensive 
care. Tegenwoordig verwerft het meer een meer een nieuwe positie op het gebied van 
procedurele sedatie.
Ons nog steeds lopend onderzoek richt zich op het gebruik van esketamine voor diepe 
sedatie tijdens ERCP`s. In de afgelopen jaren is diepe sedatie met een combinatie van 
propofol en een opioïde in vele landen de standaard geworden voor het sedatieve 
regime tijdens ERCP, ondanks de bekende bijwerkingen, zoals hypotensie en respiratoire 
depressie.32-34
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Esketamine bezit sedatieve, maar ook sterke pijnstillende eigenschappen. Bovendien 
kunnen de sympathomimetische kwaliteiten de hemodynamische depressie die door 
propofol wordt veroorzaakt tegen gaan en kan daarom het risico van cardiovasculaire en 
respiratoire depressie tijdens sedatie vermindert worden.35 Esketamine zou dus een veiliger 
additief voor propofol dan een opioïd kunnen zijn om een adequaat niveau van sedatie en 
analgesie te bereiken. Wij verwachten minder negatieve cardiopulmonale bijwerkingen als 
gevolg van een vermindering van de dosis van propofol en het weglaten van opioïden. Een 
potentieel probleem met betrekking tot esketamine zouden psychotomimetische effecten, 
zoals visuele stoornissen, duizeligheid of misselijkheid kunnen zijn, wat een negatieve 
invloed op de patienttevredenheid zou kunnen hebben.36-38 Er is echter nog weinig bewijs 
voor een verbeterd veiligheidsprofiel van een combinatie van propofol/esketamine en het 
is nog open voor discussie of esketamine`s psychotomimetische effecten een belangrijke 
rol in een ambulante behandeling spelen. 
We willen laten zien dat de combinatie van esketamine met propofol voor sedatie bij 
patiënten die een ERCP moeten ondergaan, beter is dan een combinatie van een opioïde 
met propofol. Hopelijk kunnen we het antwoord op deze vraag met het geplande einde 
van het trial in december 2017 geven.

Hetzelfde onderwerp, namelijk hoe de benodigde dosis van propofol voor sedatie het best 
is te reduceren om zo het percentage van negatieve bijwerkingen te verminderen, wordt 
in hoofdstuk 12 onderzocht. 153 patiënten die een coloscopie moesten ondergaan waren 
gerandomiseerd in 3 groepen: Groep 1 kreeg electro-acupunctuur (EA), groep 2 sham-
acupunctuur (SA) en groep 3 placebo-acupunctuur (PA) – plus propofol/alfentanil sedatie. 
Acupunctuur wordt wereldwijd gebruikt voor de behandeling van pijn.39-42 Tot nu toe 
hebben slechts een paar studies een significant effect van acupunctuur op de inductie van 
sedatie tijdens coloscopie kunnen laten zien.43

Helaas konden onze eigen data deze effect niet bevestigen: er werden geen significante 
verschillen tussen de drie groepen gevonden. De dosering van propofol en de aantal 
negatieve cardiorespiratoire events verschilde niet tussen de drie groepen en patiënten  en 
mdl-artsen waren met of zonder acupunctuur net zo tevreden. 
Vergeleken met bovengenoemde studies die een sedatieve effect van acupunctuur 
hebben gevonden, waren er een aantal verschillen met ons eigen onderzoek: alle patiënten 
in onze studie waren diep met propofol en alfentanil gesedeerd met een lage gemiddelde 
OAA/S score (0 (IQR 0-1 )), wat betekende dat ze alleen marginale reacties op milde of zelfs 
pijnlijke prikkels en schudden lieten zien. Daarnaast pasten wij EA pas met het begin van de 
sedatie direct voor de coloscopie toe. Fanti et al.44 gebruikten lichte sedatie gecombineerd 
met extra midazolam bolus indien de patiënten pijn aangaven. Zei begonnen met elektro-
acupunctuur 20 tot 30 minuten voor de eigenlijke procedure. Leung et al.45 konden laten 
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zien dat het tijdstip van acupunctuur ten opzichte van het begin van de pijnlijke moment 
belangrijk is. Hun groep vond in bloedmonsters van patiënten die met EA voor het 
ondergaan van een CT colonografie behandelt waren slechts 20-30 minuten na elektro-
acupunctuur een piek van lichaamseigen beta-endorfinen. 
Daarom kunnen twee redenen ervoor verantwoordelijk zijn dat wij geen effect van EA zagen. 
Ten eerste zou het kunnen zijn dat diepe sedatie de reactie in het hersenen op pijnlijke 
stimuli - veroorzaakt door de colonoscopie - en hun interactie met de door acupunctuur 
uitgelokte sedatieve of pijnstillende effecten remt. Ten tweede zou het belangrijk kunnen 
zijn, om al 20 tot 30 minuten voor de procedure met EA te beginnen om het op-tijd 
vrijkomen van endorfinen überhaupt mogelijk te maken. 

De totale incidentie van sedatie gerelateerde complicaties is relatief laag, maar de impact 
kan hoog zijn. Bijwerkingen van matige en diepe sedatie niveaus zijn vaak geassocieerd met 
het cardiovasculaire of respiratoire systeem. Risicofactoren voor deze complicaties zijn de 
comorbiditeit van een patiënt, het level van sedatie en de gebruikte sedatieve middelen.46 
Dit risicoprofiel gecombineerd met steeds meer en meer ingewikkelde procedures vereist 
de aanwezigheid van getrainde anesthesie providers, een grondig pre-screening en 
periprocedural bewaking van de patiënten om morbiditeit of zelfs mortaliteit te voorkomen. 
Een adequaat monitoring tijdens sedatie omvat EKG, NIPD, pulsoximetrie en capnografie. 
Mede is het belangrijk om te beseffen dat sedatie gerelateerde complicaties ook tijdens 
de postsedatie periode in de herstelkamer kunnen gebeuren. Daarom is het noodzakelijk, 
patiënten op de herstelkamer zorgvuldig te monitoren en strikt gestandaardiseerde ontslag 
criteria te handhaven.

Een ander waardevol hulpmiddel in kritieke situaties tijdens sedatie procedures buiten de 
OK zijn cognitieve aids. Cognitieve aids zijn aanwijzingen ontworpen om gebruikers te 
helpen een taak of reeks van taken te voltooien.47 In hoofdstuk 13 beschreven we de casus 
van een anafylactisch shock tijdens een percutane evacuatie van een ecchinococcos cyste 
onder diepe sedatie buiten de OK. Meestal wordt deze procedure in een multidisciplinair 
team bestaande uit een sedatie praktijk specialist, een radioloog en een radiologie assistent 
uitgevoerd. Komt een multidisciplinair team in een kritieke situatie dan is het belangrijk dat 
alle leden dezelfde “taal” spreken en dezelfde probleem aanpak gebruiken. Uit de literatuur 
blijkt dat multidisciplinaire teams in noodsituaties vaak kritische stappen in de behandeling 
vergeten.48 Cognitieve aids kunnen helpen om het aantal weggelaten stappen te 
verminderen en de communicatie binnen het team in een kritieke situatie te verbeteren.48-50  

Cognitieve aids geven een duidelijk kader t.a.v. de belangrijke behandelingsstappen in 
een crisissituatie. Dit maakt het voor het team mogelijk om effectiever met complexe 
problemen om te gaan. In het AMC zijn cognitieve aids sinds 2013 geïntroduceerd en 
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worden routinematig tijdens klinische noodgevallen gebruikt. Ze hebben ook een centrale 
rol in het onderwijs voor assistenten, staf en sedatie praktijk specialisten.51

Het ministerie van Volksgezondheid, Welzijn en Sport in Nederland heeft in 2012 landelijke 
richtlijnen voor een toetsingskader voor “sedatie en analgesie buiten de OK” ingesteld.52 
Eén van de belangrijkste punten was de introductie van een gestructureerd onderwijs en 
opleidingsprogramma voor niet-medische sedatie praktijk specialisten. Hoofdstuk 14 
presenteert de data van onze nationale audit met betrekking tot de veiligheid van matige 
en diepe sedatie uitgevoerd door sedatie praktijk specialisten. Dit data register bevat 
11.869 patiënten die in het afgelopen jaar matige tot diepe sedatie voor een breed scala 
van verschillende procedures hebben ondergaan. Onze data konden aantonen dat sedatie 
procedures die door getrainde sedatie praktijk specialisten uitgevoerd waren in een lage 
percentage, 0.017%, van ernstige sedatie gerelateerde bijwerkingen resulteerden. 
Toch waren er procedures zoals endobronchial ultrasound (EBUS) en pulmonale vaat 
isolatie (PVI), die een hoger risico op sedatie gerelateerde bijwerkingen in vergelijking met 
andere procedures lieten zien. PVI en PVI gecombineerd met transoesofageale echografie 
(TOE) bevatten een risico van 27.5% en 45.5%, en EBUS een risico van 29.9% op sedatie 
gerelateerde adverse events. Deze bevindingen geven een antwoord op het eerste deel 
van dit proefschrift die gericht is op het beoordelen van de geschiktheid en wenselijkheid 
van interventies om deze buiten de OK onder sedatie te laten plaats vinden. 
PVI is zeker een procedure die veiliger onder algehele anesthesie kan worden uitgevoerd, 
vooral als hierbij TOE gebruikt wordt. EBUS kan - zoals onze eigen data in hoofdstuk 10 
konden laten zien - veilig  zonder ernstige bijwerkingen onder matige sedatie buiten de OR 
worden doorgevoerd -  maar alleen op basis van een duidelijk protocol en door getrainde 
sedatie praktijk specialisten.

Conclusie, Toekomst en Uitdaging

Er is een toenemende vraag naar anesthesie ondersteuning voor diagnostische en 
therapeutische procedures buiten de OK. Binnen deze context is het belangrijk te 
onderscheiden welke procedures überhaupt voor sedatie buiten de operatiekamer in 
aanmerking komen. Criteria, die mee moeten worden gewogen, zijn de procedure, de 
patiënt, de locatie en de anesthesie provider zelf.
Kijkt men na de procedure dan is het belangrijk om de invasiviteit, complexiteit en duur van 
de procedure, het aantal en de ernst van mogelijke complicaties en het niveau van sedatie 
of analgesie dat nodig is om de procedure uit te voeren te beoordelen. Op locaties buiten 
de OK waar analgo-sedaties plaatsvinden moeten dezelfde pre-/intra- en post-procedurele 
standaards (nuchterheid, monitoring, verkoever mogelijkheden, ontslagcriteria) en 
veiligheidsregels van toepassing zijn dan op de OK zelf.

14745_SEberl_BW.indd   214 25-07-17   12:44



215

SAMENVATTING

Patiënten die voor minimaal invasieve procedures buiten OK gepland worden zijn vaak 
hoog-risico patiënten die afgewezen zijn voor conventionele chirurgie.53 Dus precieze 
pre-evaluatie van een patiënt en hierop aansluitende maatregelen voor een eventuele 
verbetering van bestande comorbiditeit zijn essentiële punten.
Bovendien is de term “sedatie” niet eenduidig. Sedatie strekt zich uit van milde, matige 
tot diepe sedatie en zelfs algehele anesthesie. Daarom is het noodzakelijk de verschillende 
levels inclusief de mogelijke complicaties te kennen, ze in de kritieke situatie te herkennen 
en ze uiteindelijk te kunnen behandelen. Een sedatie provider moet in staat zijn om de 
geschikte vorm van sedatie voor een procedure te kiezen en  de complicaties op elk niveau 
van sedatie te kunnen behandelen. 
Laag risico procedures (bijv. gastro-intestinale endoscopie) kunnen veilig en effectief door 
sedatie praktijk specialisten worden uitgevoerd als deze een gestructureerde opleiding 
hebben gevolgd. Procedures met een potentieel groot risico moeten door een anesthesist 
in het team begeleid worden. 
Het sedatie niveau is ook afhankelijk van het gebruikte geneesmiddel. De keuze van het 
juiste middel kan daarom de veiligheid, de tevredenheid en het herstel van de patiënt en 
de effectiviteit van de gehele procedure optimaliseren. Gezien dat patienttevredenheid 
een multifactorieel gebeuren is blijft de effectiviteits- en veiligheidsaspect hierin leidend. 
Belangrijk is ook om zich te realiseren dat veel van deze procedures poliklinisch zijn en de 
patiënten nog op dezelfde dag na huis gaan. Profylactische behandeling van postoperatieve 
pijn, misselijkheid en braken is derhalve elementair.
Als ondanks alle maatregels een kritieke situaties ontstaat is een open communicatie 
ondersteund door cognitieve aids essentieel voor deze multidisciplinaire teams buiten de 
OK.
De anesthesioloog blijft een van de belangrijkste spelers in deze multidisciplinaire teams. 
Daarom is het noodzakelijk om de anesthesie afdelingen in een vroeg stadium mede in 
het algemene sedatie beleid in het ziekenhuis te betrekken. Planning van deze “out of OR” 
programma’s moeten dan ook worden uitgevoerd in nauw contact met hen. 

Het bovenstaande in acht nemend kan sedatie buiten de operatiekamer - op maat gemaakt 
voor patiënt en procedure - een veilige en tevredenstellende vorm van anesthesie zorg 
voor alle partijen zijn, patiënt, anesthesie personeel en aanvragende specialist.
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ADQI   Acute Dialysis Quality Initiative 
AE  Adverse Event
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AMC   Academic Medical Centre 
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ERCP   Endoscopic retrograde cholangiopancreatography 
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EtCO2

  
end-tidal CO

2

ExCO2
  

end-expiratory CO
2

FEV1   Forced Expiratory Volume in 1 s 
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GABA  Gamma-Amino-Butyric Acid
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GE  Gastroenterologist

14745_SEberl_BW.indd   221 25-07-17   12:44



222

LIST OF ABBREVIATIONS

GFR  Glomerular Filtration Rate
HR   Heart Rate
ICD  Internal Cardiac Defibrillator
ICU  Intensive Care Unit
IMI   Innovative Medicine Initiative 
IQR   Interquartile Range 
ISTF   International Sedation Task Force 
IUD  Intrauterine Device
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MOAA/S  Modified Observer’s Assessment of Alertness/Sedation 
MR   Mitral Regurgitation 
MV  Mitral Valve
NCEPOD   National Confidential Enquiry into Patient Outcome and Death
NIBP   Noninvasive Blood Pressure
NICO   Noninvasive Cardiac Output 
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NRS  Numeric Rating Scale
NSAID  Non-Steroidal Anti-Inflammatory Drug
NTR  Nederland’s Trial Register
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OR  Operation Room
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PCA   Patient-Controlled Analgesia 
PCI  Percutaneous Coronary Intervention
POEM  Peroral Endoscopic Myotomy 
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dat je in mijn commissie zitting wil nemen. En hopelijk mag ik nabije een keer met je 
meevliegen.

 E. Waller. Elbert, je bent een schat. Je hebt zo ontzettend veel werk in het uitwerken van 
mijn rudimentaire promotieboekje-cover idee gestoken. Hartelijk dank hiervoor.

 B.L.A.M. Weusten. Beste Bas, je hebt de dexmedetomidine studie fantastisch begeleid. 
Dank, dat je nu ook het hele boekje wilt lezen en in mijn commissie plaats wilt nemen.

Z  J.K. Zuur. Beste Karel, net als Maartje heb ik je zien opgroeien tot een waanzinnig goede 
cardioanesthesist. Als jouw “anesthesiologische moeder” was ik hier best trots op, zelfs 
toen je wegging naar Zwolle. Daarom verheug ik me dat je nu mijn paranimf bent. Dank 
je hiervoor.

Zum guten Ende.

Aan het einde wil ik iedereen bedanken die me op mijn weg begeleidt heeft en mij zo een 
stuk verder in mijn eigen ontwikkeling heeft geholpen.

Zum Schluss möchte ich allen Menschen Dank sagen, die mich ein Stück meines Weges 
begleitet und mich dabei in meiner Entwicklung unterstützt haben.
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Susanne Eberl is geboren op 20 september 1968 in Lauingen/Donau in Duitsland. Zij groeide 
op in het dorp Bubesheim in Beieren en doorliep daar het Dossenberger Gymnasium te 
Günzburg. Tijdens de middelbare school ontwikkelde zij haar interesse voor zowel de 
biochemie als de geneeskunde.
Na haar eindexamen (“Abitur”) in juni 1987 viel de keuze van Susanne op de studie 
geneeskunde. Mede dankzij een goed resultaat in haar “Medizinertest”  mocht zij in 
oktober 1987 direct aan de Albert Einstein Universiteit in Ulm beginnen. Al tijdens haar 
studie geneeskunde is ze met haar eerste promotieonderzoek begonnen aan de afdeling 
gynaecologie in het academisch ziekenhuis in Ulm getiteld: “Gebruik van de gepulste en 
kleurdoppler in de obstetrie”. Na het volgen van coschappen in de chirurgie en interne 
geneeskunde aan de Ostalb-Klinikum te Aalen, vertrok ze begin 1993 naar het Zwitserse 
Basel voor een keuze-coschap in de anesthesie.
In Basel was ze meteen verkocht, niet alleen aan de mooie middeleeuwse stad met zijn dom, 
maar ook aan het specialisme anesthesie dat ze volgde aan het Universitätshospital Basel. 
Het ziekenhuis in Basel stond destijds al bekend om het hoge kennis niveau, de aandacht 
voor veiligheid in de zorg en de patiënt tevredenheid, tevens bood het de individuele arts 
de mogelijkheid om zich breed te ontwikkelen. 
Haar keuze om te gaan voor een opleidingsplek in het specialisme anesthesie was mede 
hierdoor al snel bepaald. Zij solliciteert dan ook direct voor een opleidingsplek in haar 
droomstad Heidelberg en wordt voor de opleiding tot anesthesioloog aangenomen. Na 
het afronden van haar (eerste) promotie, begint Susanne op 4 januari 1994 op de afdeling 
anesthesiologie (Prof. Dr. Eike Martin) van de Ruprecht-Karls Universiteit Heidelberg. Zij 
rondt in 1999 haar opleiding tot anesthesioloog af met het landelijke examen. Daarnaast 
behaalt zij het “Diploma of the European Academy of Anaesthesiologists” in 2000. Vanaf 
dat jaar volgt Susanne, na eerst een fellowship op de Intensive Care te hebben gedaan, ook 
nog een fellowship cardio thoracale anesthesie met als speerpunt kindercardio-anesthesie 
(opleider dr. F. Fleischer). 
Kwaliteitsverbetering binnen een bestaande organisatie was altijd een van haar 
interessegebieden en zo investeerde Susanne al haar vrije tijd om naast haar klinische taken 
een opleiding “kwaliteitsmanagement voor artsen“ te volgen. Deze opleiding sloot zij af 
met het behalen van een certificaat in 2001. Tevens volgde ze nog een opleiding tot auditor 
(voor het ISO 9001 system) en een training “Business Administratie” aan de Verwaltungs- 
und Wirtschaftsakademie van Baden Württemberg.
Om haar kindercardio-anesthesie ervaring nog verder te verdiepen begon Susanne, in 
2001, aan een fellowship op de intensive care voor kindercardiologie en -chirurgie in het 
academisch kinderziekenhuis in Heidelberg dat ze 2002 afsloot. In 2004 wordt ze daar 
Oberarzt en in 2005 hoofd van de cardiothoracale en vaatchirurgische anesthesie. 
Susanne is altijd op zoek naar nieuwe uitdagingen, het is dan ook geen verrassing dat 

14745_SEberl_BW.indd   239 25-07-17   12:44



240

ABOUT THE AUTHOR

ze ervoor koos om in 2006 bij de afdeling anesthesiologie van het Academisch Medisch 
Centrum (Prof. Dr. W. Schlack, Prof. Dr. Dr. MW Hollmann) in Amsterdam als cardio- en 
kinderanesthesist aan de slag te gaan. Vanaf het eerste begin ligt haar passie niet slechts 
bij de cardio anesthesie, maar ook bij sedatie in al haar facetten. Het feit dat in die periode 
het AMC samen met het Universitair Medisch Centrum Utrecht begonnen was met het 
opzetten van de opleiding voor sedatie-praktijk-specialisten en deze in de dagelijkse praktijk 
te integreren, bood haar de mogelijkheid om haar andere passie, sedatie, op te pakken. 
Om dit ook met een wetenschappelijke onderbouwing te kunnen doen startte Susanne 
haar Nederlandse promotieonderzoek onder supervisie van prof. dr. dr. MW Hollmann en 
prof. dr. B. Preckel, hetgeen leidde tot dit proefschrift: ”Sedatie buiten de operatiekamer”. 
In 2010 wordt ze chef de Clinique van de cardioanesthesie binnen de afdeling anesthesiologie 
in het AMC.
Susanne is sinds 2012  lid van de European Association of Cardiothoracic Anaesthetists en 
heeft in dat jaar haar certificaat transoesofageale echocardiografie behaald. 
In 2014 organiseerde zij in Amsterdam het jaarlijkse najaarscongres van de sectie 
cardioanesthesie, onderdeel van de Nederlandse vereniging voor anesthesie. Dit congres 
was getiteld “Rondom de hartklep - een multidisciplinaire benadering”. Tevens is Susanne 
sinds 2015 bestuurslid van deze sectie cardioanesthesie, waarbij zij actief bijdraagt aan het 
continue verbetering van cardioanesthesie in Nederland.
Susanne is al 10 jaar gelukkig getrouwd met Lutz Tilker. Samen leven ze hun leven in de 
twee mooie en uitdagende steden van Amsterdam en Frankfurt.
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