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Purpose of review

There is a steadily increasing demand for procedural sedation outside the operating room, frequently
performed in comorbid high-risk adult patients. This review evaluates the feasibility and advantages of
sedation vs. general anesthesia for some of these new procedures.

Recent findings

Generally, sedation performed by experienced staff is safe. Although for some endoscopic or transcatheter
interventions sedation is feasible, results of the intervention might be improved when performed under
general anesthesia. For elected procedures like intra-arterial treatment after acute ischemic stroke, avoiding
general anesthesia and sedation at all might be the optimal treatment.

Summary

Anesthesiologists are facing continuously new indications for procedural sedation in sometimes
sophisticated diagnostic or therapeutic procedures. Timely availability of anesthesia staff will mainly
influence who is performing sedation, anesthesia or nonanesthesia personal. While the number of absolute
contraindications for sedation decreased to almost zero, relative contraindications are becoming more
relevant and should be tailored to the individual procedure and patient.
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INTRODUCTION

Advancements of diagnostic and therapeutic pro-
cedures in different medical specialisms are lead-
ing to a steadily increasing demand for procedural
sedation outside the operating room, frequently
performed in comorbid high-risk adult patients.
Patients nowadays are well informed and are no
longer accepting to undergo painful or stressful
stimuli without an adequate form of sedation or
analgesia. While diagnostic procedures were fre-
quently performed under mild sedation (assessed
by the modified Observer’s Assessment of Alert-
ness/Sedation Scale, see Table 1, mild sedation:
Score 5–4) provided by nonanesthesiologists,
the new, sophisticated minimal invasive surgical
and endoscopic therapeutic procedures need
deep sedation (Score 2–1), which is normally
applied by anesthesia-trained staff. The modified
form of the MOAA/S scale is extended with assess-
ment of painful stimuli next to uses of the respon-
siveness component of the original scale [awake
(5)–unresponsive (1)]. As reaction to painful
t © 2019 Wolters Kluwe
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stimuli are still possible at anesthetic levels that
block reactions to verbal commands, prodding, or
shaking, they can be used to assess deeper
sedation levels.

Increasing costs as well as shortage of anesthesi-
ologists led a variety of medical societies to develop
own sedation strategies, crafting own protocols to
address specialty-specific needs and patient popula-
tions, and starting to provide sedation on their own
responsibility [1

&

]. Adequate availability as well as
high quality of deep sedation provided by anesthe-
sia staff for the new indications will therefore be the
r Health, Inc. All rights reserved.

rved. www.co-anesthesiology.com

mailto:b.preckel@amsterdamumc.nl


KEY POINTS

� Increasing demand of procedural sedation requires
local protocols on topics like by whom and how
sedation is performed.

� Cardiac transcatheter interventions might be as good
as surgical interventions also in less comorbid patients,
thus anesthesiologists will face more frequently these
interventions which most likely are better performed
under conscious sedation than under
general anesthesia.

� For some specific gastroenterological interventions,
which could be safely performed under deep sedation,
interventional results (completeness of resection,
perforation rate) seemed to be better in patients
subjected to general anesthesia.

� Moderate-to-deep sedation for advanced bronchoscopic
procedures in pulmonary severely compromised
patients is challenging, and only sufficiently trained
anesthesia personal with extensive experience in
airway management should be involved in
these treatments.

� For intra-arterial treatment after acute ischemic stroke,
avoiding general anesthesia and sedation at all might
be the optimal choice of treatment.

Technology, education and safety
cornerstone for safe procedural sedation under
supervision of anesthesia staff in the future.
INDICATIONS FOR PROCEDURAL
SEDATION

Cardiac procedures

Electrocardioversion for treatment of atrial fibrilla-
tion has been performed for long time under mild-
to-moderate sedation. Catheter ablation performing
pulmonary vein isolation (PVI) is now more fre-
quently offered as first-line treatment in patients
 Copyright © 2019 Wolters Kluwer H

Table 1. Modified Observer’s Assessment of Alertness/

Sedation Scale

Score Description

5 Responds readily to name spoken in normal tone

4 Maximal lethargic response to name spoken in
normal tone

3 Responds only after name is called loudly and/or
repeatedly

2 Responds only after mild prodding or shaking

1 Responds only after painful trapezius squeeze

0 No responds after painful trapezius squeeze
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with atrial fibrillation [2]. These procedures are long
lasting with the need of patient immobilization at
specific critical time points. It is well known that
catheter ablation is a high-risk procedure, with a
reported mortality of 1 : 1000 procedures [3].
Although these procedures might be performed
under deep sedation [4], a prospective registration
of adverse events during procedural sedation
showed that PVI alone or in combination with trans-
esophageal echocardiography (TEE) has a risk of
27.5 and 45.5% of sedation-related adverse events,
respectively, with 10 and 40% of these adverse
events rated as major [5

&

]. PVI was the procedure
most complicated by hospital admission and
yielded two of the four most critical events and
one poor outcome. Therefore, it might be advisable
to use general anesthesia instead of deep sedation
for these procedures.

Implantation of rhythm devices, for example,
pacemakers or implantable cardioverter defibrilla-
tors (ICDs), has also been performed for long time
under mild-to-moderate sedation. Testing the func-
tion of ICDs includes induction of ventricular fibril-
lation and is performed under deep sedation, most
likely using propofol injections. It has been shown
that special trained nonphysician staff can safely
perform these sedational procedures [6]. Nowadays,
a significant number of devices are implanted pro-
phylactically in young, otherwise healthy patients
prone for rhythm disorders due to genetical dispo-
sure. Rhythm devices are steadily becoming smaller
and leadless devices are often implanted subcutane-
ously ventral to the heart [7]. These procedures can
be painful and often need substantial analgesia and
deeper sedation.

In recent years, transcatheter aortic valve
implantations (TAVI) led to significant changes
in the field of cardiology and cardiac surgery. While
transaortic and transapical TAVI still require gen-
eral anesthesia, the transfemoral approach (TF-
TAVI) was performed in the early phase under
general anesthesia [8], but is nowadays performed
under local anesthesia with or without additional
sedation [9

&&

,10
&&

]. It is still a point of discussion
whether local or general anesthesia leads to better
patient outcome: randomized controlled trials are
mostly small, and the available registries are prone
to bias due to learning curves of interventionists
and anesthesia teams. The most recent data from
big registries demonstrate that local analgesia with
conscious sedation (LACS) is not inferior to general
anesthesia with regard to success of device place-
ment and valve function [9

&&

,10
&&

]. Patients receiv-
ing LACS had less major vascular complications,
resulting in a lower in-hospital and 30-day all
cause mortality [10

&&

]. The development of
ealth, Inc. All rights reserved.
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smaller introducer sheets, less reliance on TEE dur-
ing valve employment, and newly designed, repo-
sitionable valves without the need for balloon
valvuloplasty and rapid ventricular pacing during
the procedure [11], will most likely lead to an
increasing number of procedures performed under
LACS or even under local analgesia without any
sedation [12]. In recent years, also transcaval and
transcarotid TAVI approaches have been described
[13], with the latter showing equal or even better
outcome as the transapical or transaortic
approaches [14]. While still most of the transcar-
otid procedures are performed under general anes-
thesia [15], this procedure can also be performed
under LACS [16], and future data will have to show
whether this is even beneficial for the long-time
outcome of the respective patients.

Percutaneous edge-to-edge mitral valve repair
(PMVR) has become an established treatment
option for patients with serious degenerative
mitral regurgitation not eligible for surgical repair.
PMVR still requires guidance of the interventional
catheters by two-dimensional or three-dimen-
sional TEE, and is therefore mostly performed
under general anesthesia. However, an observa-
tional study compared PMVR under general anes-
thesia with deep sedation, which was found to be
safe and feasible [17]. No differences in complica-
tions, along with a lower procedure time and less
ICU admissions in patients subjected to deep seda-
tion, were described.

Because the transcatheter interventions might
be as good as surgical interventions also in less
comorbid patients [18

&

,19
&

], anesthesiologists will
face more frequently these interventions, and peri-
procedural treatment including sedation strategies
in these populations should be further optimized.
Gastroenterological procedures

Cancer screening programs including periodic fol-
low-up increase the need for moderate-to-deep
sedation [20

&&

]. Gastroenterologic endoscopic
technology has extremely improved, with optical
high-definition endoscopes using adjuncts, as
narrow band imaging or confocal laser [21]. Com-
plex procedures such as endoscopic ultrasound,
endoscopic retrograde cholangiopancreatography
(ERCP), endoscopic submucosal dissection (ESD),
endoscopic mucosal resection, and radiofrequency
ablation frequently replace surgical interventions
[22]. For accuracy of the procedure, immobility of
patients is often required which is mostly achieved
by deep sedation or general anesthesia.

Although ERCP procedures require patients in
prone position and sometimes repositioning during
 Copyright © 2019 Wolters Kluwe
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the procedure, deep sedation using propofol/alfen-
tanil goes along with low anesthesia complication
rates [5

&

]. Replacing alfentanil by es-ketamine [23]
led to a reduced dosage of propofol without a nega-
tive effect on recovery time and respiratory or car-
diovascular adverse events.

Significantly, although ESD can be safely per-
formed under deep sedation [24

&

], interventional
results (completeness of resection, perforation
rate) seem to be better in patients subjected to
general anesthesia [25]. Thus although moderate-
to-deep sedation is possible for different proce-
dures, it needs to be evaluated whether this is
the optimal anesthetic treatment for the respec-
tive procedure.
Pulmonary procedures

The combination of a flexible bronchoscope with
brushes, needles, lasersound, cryosound, and ultra-
sound probes has greatly expanded the diagnostic
and therapeutic possibilities of bronchoscopy
[26

&&

]. Electromagnetic navigational bronchoscopy
and endobronchial ultrasound (EBUS) combined
with transbronchial needle aspiration (TBNA) to
obtain tissue biopsies from mediastinal and hilar
lymph nodes for tumor staging is increasingly
replacing surgical mediastinoscopy. The sedation
technique (moderate vs. deep sedation) most likely
does not influence the diagnostic accuracy of EBUS-
TBNA [27]. However, airway manipulation might
lead to patient discomfort and the request for
deep sedation.

Delivering radiofrequency energy to the bron-
chial airways during bronchial thermoplasty
improves quality of life and reduces symptoms
and exacerbation in asthma patients [28,29

&&

].
Moderate-to-deep sedation for these advanced
bronchoscopic procedures in pulmonary severely
compromised patients is challenging [28], and only
sufficiently trained anesthesia personal should be
involved in these treatments [29

&&

].
Endoscopic lung volume reduction using endo-

bronchial valves is performed in a select group of
patients with severe emphysema. While these pro-
cedures can be performed under deep sedation,
general anesthesia is recommended as success of
the procedure, procedure times and satisfaction of
interventionist and patient might be better if the
procedure is done under general anesthesia
[30

&

,31
&

].

Interventional radiology and
neuroradiology procedures

Interventional radiology uses image guidance
to perform minimally invasive, catheter-based
r Health, Inc. All rights reserved.
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procedures often replacing standard surgical inter-
ventions. Procedures include catheter insertions,
endovascular stent placement, embolization of tis-
sue, catheter-directed thrombolysis, transjugular
intrahepatic porto-systemic shunt procedures, and
tumor ablation therapy. Different techniques as che-
moembolization, radioembolization, radiofrequency
or microwave ablation, and cryoablation are used.
Although these techniques are minimally invasive,
treatment is sometimes extremely painful making
analgesia and moderate or deep sedation necessary.
Endovascular treatment of acute stroke is very effec-
tive [32

&&

]. Applying sedation instead of general anes-
thesia not only allows better monitoring of the
neurological function of patients, but goes also along
with less hemodynamic fluctuations. A periproce-
dural decrease in the mean arterial pressure during
general anesthesia was associated with worse out-
come [33]. Data from meta-analyses suggest
improved outcome when conscious sedation is used
instead of general anesthesia in patients subjected to
intra-arterial treatment after acute ischemic stroke
[34

&&

,35]. Local anesthesia alone might be even better
in these emergency procedures probably due to
shorter times between the acute ischemic stroke
and the interventional procedure [36,37

&

]. Every
hour of treatment delay is associated with worsened
outcome in this patient population [36,38

&&

]. How-
ever, until now, no randomized controlled trial
exists investigating directly the influence of anes-
thesia in patients undergoing intra-arterial treat-
ment, and the previously shown results might be
negligible if observational studies are excluded
from analysis [39,40

&&

].
CONTRAINDICATIONS FOR PROCEDURAL
SEDATION

Basically, there are no absolute contraindications
for procedural sedation. Formerly, a 6-h preproce-
dural fasting period for solid food and 2-h for clear
liquids was requested. However, recent data show
that aspiration rate during elective sedation pro-
cedures is extremely rare [5

&

,41]. Green et al. [41]
identified 292 instances of aspiration mostly in
serious ill adults undergoing gastrointestinal
endoscopic procedures, finally resulting in eight
deaths during/after sedation. It remains unclear
whether these deaths were related to the sedation
procedure, or the underlying diseases. Following
the American Society of Anesthesiologists (ASA)
guideline, although if complete gastric emptying
is not achievable, urgent or emergent procedures
should not be delayed if only mild or moderate
sedation is required [42

&&

]. However, unscheduled,
 Copyright © 2019 Wolters Kluwer H
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time-sensitive procedural sedation protocols
might differ significantly from scheduled, elective
procedural sedation [43]. This has to be organized
and documented on in a local protocol.

Adequate preprocedural risk-assessment is
required to balance benefits against risks when to
decide whether deep sedation or general anesthesia
is indicated. This should include special details and
location of the procedure (e.g., invasiveness, com-
plexity, length, needed level of sedation), patient
comorbidities as well as sedation practitioner expe-
rience. Postprocedure recovery facilities are also
needed.

Relative contraindication may be related to the
patient conditions: for example, an ASA physical
status 4, cardiorespiratory-decompensated patient
with chronic global obstructive lung disease four
scheduled for a TAVI, who is not able to lie flat for
the procedure, might not be suitable for sedation.
However, using humidified high-flow nasal cannula
oxygen therapy and after hemodynamic stabiliza-
tion by an experienced anesthesiologist, it is reason-
able to start the procedure under local anesthesia
with/without sedation, switching to general anes-
thesia only if necessary.
SAFETY OF PROCEDURAL SEDATION

Sedation-related complications are generally low: in
over 300 000 gastro-endoscopic patients low rates of
minor (0.3%) or major complications (0.01%) and
mortality (0.004%) were observed [44]. Significant
differences between sedation standards, registra-
tion, definition, and interpretation of complica-
tions make it difficult to compare available
studies. Using the Adverse Event Reporting Tool
[45] or the Tracking and Reporting Outcomes of
Procedural Sedation Tool [46] would allow to uni-
formly record sedation-related complications.

Although rare, respiratory and cardiovascular
complications can be severe and life-threatening,
needing immediate adequate treatment [5

&

]. This
should be taken into account when discussing the
question: who is performing the moderate-to-deep
sedation, including use of propofol. Financial com-
pensation of sedation service varies in the individual
countries. Increasing costs and unavailability of
trained anesthesia staff resulted in attempts of non-
anesthesia specialties to perform sedation under
supervision of the interventionist [47]. Commonly
accepted are minimum requirements for patient
screening, location of sedation, preprocedural prep-
aration, necessary material, and skills and knowledge
of the multidisciplinary team, including sedation
providers [48].
ealth, Inc. All rights reserved.
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Screening includes medical and surgical history,
as well as previous sedation procedures. The
screening needs to be completed by a short physi-
cal examination: assessment of global neuro-
logical, cardiac, and pulmonary function including
auscultation of heart and pulmonary sounds. The
airway needs to be examined for possible problems
concerning mask ventilation and intubation, allow-
ing risk assessment of possible difficult airway in case
respiratory problems occur.

During moderate-to-deep sedation, monitor-
ing should include an electrocardiogram to deter-
mine heart rate and rhythm, measurement of
noninvasive blood pressure and peripheral oxygen
saturation, and determination of respiratory rate
[49

&&

]. Local protocols for postprocedural dis-
charge should state which criteria have to be ful-
filled before patients go home after having had
sedation. A frequently used recovery scale is the
ALDRETE score, which should be at least 9 or
similar to the preprocedural score before patients
are discharged home. A period of at least 30 min
after stopping sedation seems to be appropriate for
postprocedural observation before discharging the
patient [49

&&

].
Previously, guidelines on sedation were devel-

oped by either anesthesia societies, or nonanesthe-
sia societies, mostly without interdisciplinary
collaborations. The new guidelines from the ASA
on nonanesthetist provided sedation were grafted
with the input and endorsement of at least five other
specialisms, focusing on patient safety in mild-to-
moderate sedation [42

&&

]. However, deep sedation
and medication ‘intended for general anesthesia’ as
for example, propofol are not included. Recently,
the British Society of Gastroenterology together
with the Royal College of Anaesthetists endorsed
a joint position statement with the focus on anes-
thetist-led deep sedation [48]. Moreover, the Euro-
pean Society of Anaesthesiologists (ESA) established
new guidelines for procedural sedation and analge-
sia in adults [49

&&

]. The role of the anesthesiologist is
seen as a coordinator and supervisor for procedural
sedation even if performed by nonanesthesiologist
[49

&&

]. The highest level of patient safety should be
achieved by setting a high, evidence-based safety
standard to reach zero preventable complications.
On the contrary, like for the guideline from the
Gastroenterology Society, there was limited inter-
disciplinary collaboration while developing the ESA
guideline [49

&&

].
Interdisciplinary in-situ simulation training

(SST) is useful to train the whole team acting ade-
quately in clinical emergency situations. In-situ
simulation training is integrated into the clinical
 Copyright © 2019 Wolters Kluwe
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workflow, using high-fidelity simulation manne-
quins in the clinical departments where sedation
is provided. Basic knowledge and skill-sets in a mul-
tidisciplinary team differ significantly. Performance
of tasks related to patient safety (preprocedural
patient evaluation, rescue preparation, and equip-
ment checks) improved with SST [50].

Personal skills training can be combined with
SST, for example, using individual self-learning
modules in combination with an airway skills train-
ing course before SST [51]. Fehr et al. [52] concluded
that ‘simulation is integral in enhancing patient
safety: initial training can be provided, baseline
competency can be assessed, and preliminary steps
toward mastery can be achieved, without placing
any patients at risk’. If this is done in multidisciplin-
ary teams, following multidisciplinary guidelines,
patient safety in sedation procedures will be
further improved.
CONCLUSION

There are continuously new indications for proce-
dural sedation, and the number of absolute contra-
indications decreased to almost zero. Relative
contraindications, tailored to the individual proce-
dure and patient, are becoming more relevant.
National and international interdisciplinary guide-
lines should be used to implement local sedation
protocols. In-situ simulation training can help to
further develop the competence and compliance of
all stakeholders involved in procedural sedation,
thereby maintaining and further improving patient
safety.
Acknowledgements

None.
Financial support and sponsorship

The work was supported by the Department of Anesthe-
siology of the Amsterdam University Medical Centers,
Location AMC, Amsterdam, The Netherlands.
Conflicts of interest

M.v.H. received support for simulation training from
Edwards Life Science, The Netherlands. B.P. received
project research funding from NovoNordisk, The
Netherlands; project grant from ZonMW, The
Netherlands; research and project grant from European
Society of Anesthesiologists ESA, Belgium; fees for advi-
sory board of Laboratoire Aguettant, France; fees for
advisory board of Sensium Healthcare, United Kingdom.
S.E. has no conflicts of interest to declare.
r Health, Inc. All rights reserved.

rved. www.co-anesthesiology.com 773



Technology, education and safety
REFERENCES AND RECOMMENDED
READING
Papers of particular interest, published within the annual period of review, have
been highlighted as:

& of special interest
&& of outstanding interest
1.
&

Green SM, Roback MG, Krauss BS. The newest threat to emer-
gency department procedural sedation. Ann Emerg Med 2018; 72:
115–119.

Critical commentary on the new ‘Practice guidelines for moderate procedural
sedation and analgesia.’ published by the American Society of Anesthesiologists
(ASA) 2018 from the point of view of emergency medicine.
2. Gerstein NS, Young A, Schulman PM, et al. Sedation in the electrophy-

siology laboratory: a multidisciplinary review. J Am Heart Assoc 2016;
5:1–12.

3. Cappato R, Calkins H, Chen SA, et al. Prevalence and causes of fatal
outcome in catheter ablation of atrial fibrillation. J Am Coll Cardiol 2009;
53:1798–1803.

4. Cheruku S, Boud TJ, Kulkarni N, Lynch IP. Demystifying the EP laboratory. Int
Anesthesiol Clin 2018; 56:98–119.

5.
&

Koers L, Eberl S, Cappon A, et al. Safety of moderate-to-deep sedation
performed by sedation practitioners. Eur J Anaesthesiol 2018; 35:
659–666.

The complication rate during sedation performed by specially trained sedation
providers is low. To compare the severity of the various complications and
therefore improve safety, it is important to standardize the definitions for seda-
tion-related adverse events.
6. Furniss SS, Sneyd JR. Safe sedation in modern cardiological practice. Heart

2015; 101:1526–1530.
7. Brouwer TF, Yilmaz D, Lindeboom R, et al. Long-term clinical outcomes of

subcutaneous versus transvenous implantable defibrillator therapy. J Am Coll
Cardiol 2016; 68:2047–2055.

8. Cribier A, Eltchaninoff H, Bash A, et al. Percutaneous transcatheter implanta-
tion of an aortic valve prosthesis for calcific aortic stenosis: first human case
description. Circulation 2002; 106:3006–3008.

9.
&&

Husser O, Bunarto F, Hengstenberg C, et al. Sedation versus general
anesthesia for transcatheter aortic valve replacement. JACC Cardiovasc
Interv 2018; 11:567–578.

The trial showed that local anesthesia with conscious sedation (LACS) is not
inferior to general anesthesia, underlining the safety and efficacy of LACS. This
conclusion is based on a total of 16 543 patients from the German Aortic Valve
Registry from 2011 to 2014, demonstrating a clear benefit of LACS versus general
anesthesia in terms of 30 day mortality. The rate of permanent pacemaker
implantation, device malposition, or paravalvular leakage did not differ in both
groups.
10.
&&

Attizzani GF, Patel SM, Dangas GD, et al. Comparison of local versus general
anesthesia following transfemoral transcatheter self-expanding aortic valve
implantation (from the transcatheter valve therapeutics registry). Am J Cardiol
2019; 123:419–425.

Data from 11 006 patients undergoing transfemoral transcatheter aortic valve
replacement (TF-TAVR) between January 2014 and June 2016 were analyzed
and show that LACS is not inferior to general anesthesia in these procedures.
LACS does not compromise procedural outcomes, and was associated with
reduced length of ICU and hospital stay, increased rates of discharges to home
instead of a nursing facility, and reduced in-hospital and 30-day mortality.
These findings support the conclusion that in time LACS may ultimately
become the default strategy for performing TF-TAVR. The use of general
anesthesia, if possible with transesophageal echocardiography during and
after the valve placement, can be taken into account rather than being
mandatory.
11. Maldonado Y, Baisden J, Villablanca PA, et al. General anesthesia versus

conscious sedation for transcatheter aortic valve replacement – an analysis
of current outcome data. J Cardiothorac Vasc Anesth 2018; 32:
1081–1086.

12. 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.

13. Praz F, Wenaweser P. Transcatheter aortic valve replacement via the trans-
carotid access. Circ Cardiovasc Interv 2018; 11:e007459.

14. Overtchouk P, Folliguet T, Pinaud F, et al. Transcarotid approach for trans-
catheter aortic valve replacement with the Sapien 3 prosthesis. JACC
Cardiovasc Interv 2019; 12:413–419.

15. Chamandi C, Abi-Akar R, Rodés-Cabau J, et al. Transcarotid compared with
other alternative access routes for transcatheter aortic valve replacement.
Circ Cardiovasc Interv 2018; 11:e006388.

16. Debry N, Delhaye C, Azmoun A, et al. Transcarotid transcatheter aortic valve
replacement. JACC Cardiovasc Interv 2016; 9:2121–2123.

17. Patzelt J, Ulrich M, Magunia H, et al. Comparison of deep sedation with
general anesthesia in patients undergoing percutaneous mitral valve repair.
J Am Heart Assoc 2017; 6:e007485.
 Copyright © 2019 Wolters Kluwer H

774 www.co-anesthesiology.com
18.
&

Popma JJ, Deeb GM, Yakubov SJ, et al. Transcatheter aortic-valve replace-
ment with a self-expanding valve in low-risk patients. N Engl J Med 2019;
380:1706–1715.

Transcatheter interventions might be as good as surgical interventions also in less
comorbid patients. Therefore, anesthesiologists should optimize periprocedural
treatment including sedation strategies in these populations.
19.
&

Mack MJ, Leon MB, Thourani VH, et al. Transcatheter aortic-valve replacement
with a balloon-expandable valve in low-risk patients. N Engl J Med 2019;
380:1695–1705.

Even in the long run after 1 year, among patients with a low-risk profile, the rate of
deaths, strokes, and rehospitalizations was significantly lower in TAVR than in
surgical aortic valve replacement.
20.
&&

Early DS, Lightdale JR, Vargo JJ, et al. Guidelines for sedation and anesthesia
in GI endoscopy. Gastrointest Endosc 2018; 87:327–337.

The ASGE guideline is based on the practice guideline for nonanesthesiologists
providing sedation of the ASA Committee for Sedation and Analgesia by Non-
Anesthesiologists and recommends that all patients undergoing endoscopic
procedures should be evaluated to assess their risk of sedation related to
preexisting medical conditions, routine monitoring during the procedure with
additional capnography during deep sedation, supplemental oxygen supply should
be considered for moderate sedation and should be administered during deep
sedation. Anesthesia provider-administered sedation should be considered for
complex endoscopic procedures, patients with multiple medical comorbidities,
patients at risk for airway compromise, or when it is expected to improve patient
safety, comfort, procedural efficiency, and/or successful procedure completion.
Special emphasize is on specific training for sedation providers to diagnose and
manage sedation-related adverse events.
21. Rees C, Koo S, Oppong K. Future directions in diagnostic gastrointestinal

endoscopy. Lancet Gastroenterol Hepatol 2018; 3:595–597.
22. Knigge S, Hahnenkamp K. Nonoperating room anesthesia for endoscopic

procedures. Curr Opin Anaesthesiol 2017; 30:652–657.
23. Eberl S, Koers L, van Hooft JE, et al. Sedation with propofol during ERCP: is

the combination with esketamine more effective and safer than with alfentanil?
Study protocol for a randomized controlled trial. Trials 2017; 18:1–7.

24.
&

van de Ven SEM, Leliveld L, Klimek M, et al. Propofol sedation without
endotracheal intubation is safe for endoscopic submucosal dissection in
the esophagus and stomach. United Eur Gastroenterol J 2019; 7:405–411.

Endoscopic submucosal dissection (ESD) can be safely performed under deep
sedation. However, not only a low sedation-related complication rate is important,
but also the interventional results (completeness of resection, perforation rate) of
the ESD procedure.
25. Song BG, Min YW, Cha RR, et al. Endoscopic submucosal dissection under

general anesthesia for superficial esophageal squamous cell carcinoma is
associated with better clinical outcomes. BMC Gastroenterol 2018;
18:80–92.

26.
&&

de Lima A, Kheir F, Majid A, Pawlowski J. Anesthesia for interventional
pulmonology procedures: a review of advanced diagnostic and therapeutic
bronchoscopy. Can J Anesth Can d’anesthésie 2018; 65:822–836.

The rapidly expanding new techniques in interventional pulmonology require
different anesthetic considerations based on the complexity of the procedure
performed and underlying patient conditions; these can range from conscious
sedation to general anesthesia, include the use of either conventional or jet
ventilation and different ways to maintain an airway.
27. Franzen D, Schneiter D, Weder W, Kohler M. Impact of sedation technique on

the diagnostic accuracy of endobronchial ultrasound-guided transbronchial
needle aspiration. Endosc Ultrasound 2017; 6:257–264.

28. d’Hooghe JNS, Eberl S, Annema JT, Bonta PI. Propofol and remifentanil
sedation for bronchial thermoplasty: a prospective cohort trial. Respiration
2017; 93:58–64.

29.
&&

Saran JS, Kreso M, Khurana S, et al. Anesthetic considerations for patients
undergoing bronchial thermoplasty. Anesth Analg 2018; 126:1575–1579.

Bronchial thermoplasty reduces airway smooth muscle mass in patients with
severe uncontrolled asthma. The procedure is associated with a higher change
of postprocedural respiratory complications, as laryngospasm and bronchospasm.
Patients undergoing bronchial thermoplasty are therefore at increased risk for
procedure-related airway complications and present unique anesthetic and airway
challenges for an anesthesiologist. This article emphasize the importance of a well
trained and experienced perioperative care team (consisting of at least an
attending anesthesiologist, pulmonologist, and a pulmonology-trained registered
nurse) to ensure patient safety during these high-risk procedures.
30.
&

Slebos DJ, Ten Hacken NH, Hetzel M, et al. Endobronchial coils for endo-
scopic lung volume reduction: best practice recommendations from an expert
panel. Respiration 2018; 96:1–11.

Endoscopic lung volume reduction can be performed under either conscious
sedation or general anesthesia. Ultimately, the decision depends on a multi-
disciplinary approach and local circumstances.
31.
&

Thiruvenkatarajan V, Maycock T, Grosser D, Currie J. Anaesthetic management
for endobronchial valve insertion: lessons learned from a single centre retro-
spective series and a literature review. BMC Anesthesiol 2018; 18:206–214.

Endoscopic lung volume reduction can be performed under deep sedation, but
general anesthesia is recommended as success of the procedure, length of
procedure time and satisfaction of interventionist and patient might be better.
ealth, Inc. All rights reserved.

Volume 32 � Number 6 � December 2019



Procedural sedation van Haperen et al.
32.
&&

Powers WJ, Rabinstein AA, Ackerson T, et al. 2018 Guidelines for the early
management of patients with acute ischemic stroke: a guideline for healthcare
professionals from the American Heart Association/American Stroke Asso-
ciation. Stroke 2018; 49:e46–110.

The guideline presents an overview on the recommendations consisting of the
prehospital care, initial evaluation and treatment, emergency treatment and sup-
portive care, and in hospital management in patients with acute ischemic stroke.
There is strong evidence for the selection of an anesthetic technique during
mechanical thrombectomy based on individualized assessment of patient risk
factors, technical performance of the procedure, and other clinical characteristics.
A post-hoc analysis of the MR CLEAN trial showed a 51% decrease in treatment
effect when general anesthesia was applied compared with conscious sedation,
and several retrospective studies suggest that general anesthesia produces
worsening of functional outcomes after stroke. Other studies did not find an
impact of general anesthesia or conscious sedation on outcome.
33. Treurniet KM, Berkhemer OA, Immink RV, et al. A decrease in blood pressure

is associated with unfavorable outcome in patients undergoing thrombectomy
under general anesthesia. J Neurointerv Surg 2018; 10:107–111.

34.
&&

Campbell BCV, van Zwam WH, Goyal M, et al. Effect of general anaesthesia
on functional outcome in patients with anterior circulation ischaemic stroke
having endovascular thrombectomy versus standard care: a meta-analysis of
individual patient data. Lancet Neurol 2018; 17:47–53.

The study assessed functional outcome in ischemic stroke patients undergoing
endovascular thrombectomy under general anesthesia vs. thrombectomy not
under general anesthesia (with or without sedation) vs. standard care (i.e., no
thrombectomy). They concluded that the use of general anesthesia for throm-
bectomy is associated with worse outcomes compared with the avoidance of
general anesthesia during thrombectomy, independent of patient comorbidities.
Thrombectomy is superior compared with standard care even when using general
anesthesia, as long as the procedure isn’t delayed due to a logistical time
component providing general anesthesia. Therefore, general anesthesia necessary
due to airway compromise or patient agitation should not withhold clinicians from
pursuing endovascular thrombectomy.
35. Ilyas A, Chen CJ, Ding D, et al. Endovascular mechanical thrombectomy for acute

ischemicstrokeunder general anesthesia versusconscioussedation:asystematic
review and meta-analysis. World Neurosurg 2018; 112:e355–e367.

36. Vukasinovic I, Darcourt J, Guenego A, et al. ‘Real life’ impact of anesthesia
strategy for mechanical thrombectomy on the delay, recanalization and out-
come in acute ischemic stroke patients. J Neuroradiol 2019; 46:238–241.

37.
&

van de Graaf RA, Samuels N, Mulder MJHL, et al. Conscious sedation or local
anesthesia during endovascular treatment for acute ischemic stroke. Neurol-
ogy 2018; 91:e19–25.

Local anesthesia alone might be even better in these emergency procedures
probably due to shorter times between the acute ischemic stroke and the
interventional procedure.
38.
&&

Mulder MJHL, Jansen IGH, Goldhoorn R-JB, et al. Time to endovascular
treatment and outcome in acute ischemic stroke. Circulation 2018;
138:232–240.

Randomized clinical trials in selected acute ischemic stroke patients reported
diminishing chances of functional independence by up to 3.4% for every hour delay
in endovascular treatment. This study aimed to establish an association of time to
endovascular treatment with functional outcome in patients with an acute ischemic
stroke. More important than different anesthetic strategies is the short time to
treatment onset.
39. Brinjikji W, Pasternak J, Murad MH, et al. Anesthesia-related outcomes for

endovascular stroke revascularization. Stroke 2017; 48:2784–2791.
40.
&&

Wan TF, Xu R, Zhao ZA, et al. Outcomes of general anesthesia versus
conscious sedation for stroke undergoing endovascular treatment: a meta-
analysis. BMC Anesthesiol 2019; 19:1–11.

Currently the impact of anesthesia strategies on the outcomes of acute ischemic
stroke patients undergoing endovascular treatment remains discussable. This
meta-analysis indicated a worse functional outcome and an increased mortality
rate for endovascular treatment under general anesthesia compared with con-
scious sedation. Nevertheless, a randomized controlled trial subgroup analysis
could not show a difference in outcome between general anesthesia and con-
scious sedation groups; probably because findings on a worsened outcome in the
general anesthesia group are based on retrospective studies without randomiza-
tion of patients by anesthesia type.
 Copyright © 2019 Wolters Kluwe

0952-7907 Copyright � 2019 Wolters Kluwer Health, Inc. All rights rese
41. Green SM, Mason KP, Krauss BS. Pulmonary aspiration during procedural
sedation: a comprehensive systematic review. Br J Anaesth 2017;
118:344–354.

42.
&&

American Society of Anesthesiologists Task Force on Moderate Procedural
Sedation and Analgesia; American Association of Oral and Maxillofacial
Surgeons; American College of Radiology; American Dental Association;
American Society of Dentist Anesthesiologists; Society of Interventional
Radiology. Practice guidelines for moderate procedural sedation and, analge-
sia. Anesthesiology 2018; 128:437–479.

The guideline is developed by a multidisciplinary task force of physicians from
several medical and dental specialty organizations to address moderate pro-
cedural sedation independent of the specialty of the provider. It only focus on
mild-to-moderate sedation. Therefore, it does not address deep sedation and
the educational, training, or certification requirements for providers of deep
procedural sedation. Next to thorough preassessment and preparation of the
patient, continual monitoring of ventilatory function with capnography, ade-
quate recovery care, the implementation of a Plan Do Check Act cycle or other
quality improvement processes and knowledge of the medication used for
sedation and general anesthesia are recommended. The presence of an
individual in the procedure room with the knowledge and skills to recognize
and treat airway complications without participating in the procedure is re-
quested.
43. Miller KA, Andolfatto G, Miner JR, et al. Clinical practice guideline for

emergency department procedural sedation with propofol: 2018 update.
Ann Emerg Med 2019; 73:470–480.

44. Behrens A, Kreuzmayr A, Manner H, et al. Acute sedation-associated com-
plications in GI endoscopy (ProSed 2 Study): results from the prospective
multicentre electronic registry of sedation-associated complications. Gut
2019; 68:445–452.

45. Mason KP, Green SM, Piacevoli Q. Adverse event reporting tool to standar-
dize the reporting and tracking of adverse events during procedural sedation:
a consensus document from the World SIVA International Sedation Task
Force. Br J Anaesth 2012; 108:13–20.

46. Roback MG, Green SM, Andolfatto G, et al. Tracking and Reporting Out-
comes Of Procedural Sedation (TROOPS): standardized quality improve-
ment and research tools from the international committee for the advancement
of procedural sedation. Br J Anaesth 2018; 120:164–172.

47. Cornelissen CG, Dapper J, Dreher M, M€uller T. Clinical use of endoscopic
ultrasound-guided fine-needle aspiration: guidelines and recommendations
from Chinese Society of Digestive Endoscopy prepared. Endosc Ultrasound
2019; 8:204–208.

48. Sidhu R, Turnbull D, Newton M, et al. Deep sedation and anaesthesia in
complex gastrointestinal endoscopy: a joint position statement endorsed by
the British Society of Gastroenterology (BSG), Joint Advisory Group (JAG)
and Royal College of Anaesthetists (RCoA). Frontline Gastroenterol 2019;
10:141–147.

49.
&&

Hinkelbein J, Lamperti M, Akeson J, et al. European Society of Anaesthesiol-
ogy and European Board of Anaesthesiology guidelines for procedural
sedation and analgesia in adults. Eur J Anaesthesiol 2018; 35:6–24.

The guideline can be used as a basis for national societies of anesthesia for
building their medico-legal frame and decisions on how professionals can deliver
procedural sedation in the safest way possible according the Helsinki Declaration
on Patient Safety in Anaesthesiology. Healthcare providers involved in procedural
sedation and analgesia (PSA) need specific training and advanced skills in
managing the airway and administering emergency drugs in case this should
be necessary. It is still open for discussion whether the PSA management should
be performed by the anesthesia department. To maintain the highest level of safety,
coordination, supervision and training of PSA activities should be the role of the
anesthesiologist.
50. Ben M, Gilad A, Steiner IP, et al. The effect of in situ simulation training on the

performance of tasks related to patient safety during sedation. J Anesth 2018;
32:300–304.

51. Sauter TC, Hautz WE, Hostettler S, et al. Interprofessional and interdisci-
plinary simulation-based training leads to safe sedation procedures in the
emergency department. Scand J Trauma Resusc Emerg Med 2016;
24:97–105.

52. Fehr JJ, Chao J, Kuan C, Zhong J. The important role of simulation in sedation.
Curr Opin Anaesthesiol 2016; 29:S14–S20.
r Health, Inc. All rights reserved.

rved. www.co-anesthesiology.com 775


