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1 Information on the Guideline

1.1 Publisher

1.1.1 Lead Professional Society

German Society of Gastroenterology, Digestive and Metabolic
Diseases (DGVS)

1.2 Scope and Purpose

Since the introduction of the first S3 guideline on sedation in
gastrointestinal endoscopy in 2008, the use of sedation in gastro-
enterological endoscopies, in particular of propofol, has become
established. It can now be regarded as the standard in gastroen-
terological endoscopic practice. In several surveys, also for Ger-
many, a proportion of more than 80 % sedated examinations has
been demonstrated.

A key point is the differentiated indication: the necessity of se-
dation in gastroenterological endoscopy is not obligatory for all
procedures but depends on the type of examination, the duration
of the examination, the complexity and invasiveness of the exam-
ination, and patient characteristics. However, sedation contri-

butes significantly to the comfort of the examination for both
the patient and the endoscopist. It often creates the prerequisite
for a successful and low-risk examination, especially in the case of
complex therapeutic interventions. The experts considered the
review and updating of the guideline to be particularly important
to guarantee a successful and low-risk examination.

1.3 Goal Orientation of the Guideline

The goal of the guideline is its easy application in the practice of
internal medicine, surgery, gastroenterology, anesthesiology, in-
tensive care, and endoscopy/imaging. In addition, the guideline
is intended to provide a road map for common decisions.

The target patient group is adult patients who require sedation
for gastrointestinal endoscopy.

1.4 Care Areas

Outpatient and inpatient care, internal medicine, surgery, gastro-
enterology, anesthesiology, intensive care, and endoscopy/imaging.

1.5 User Target Group/Addressees

The guideline is aimed at the following professional groups in-
volved in diagnosis and therapy: gastroenterologists, surgeons,
anesthetists, intensive care specialists, general and visceral
surgeons, and endoscopists, as well as patient representatives,
patients, and relatives, and serves as information for internists
and service providers (health insurance companies and pension
insurance companies).

1.6 Composition of the Guideline Group:
Stakeholder Participation

The guideline was developed by the German Society of Gastro-
enterology, Digestive and Metabolic Diseases (DGVS), which
commissioned Prof. Till Wehrmann, Wiesbaden, and Prof. Andrea
Riphaus, Frankfurt, as coordinators. PD Dr. Petra Lynen Jansen and
Pia Lorenz, DGVS office, Berlin, were methodologically responsi-
ble. Prof. Kopp, Work Group for Scientific Medical Professional
Societies e. V. (AWMF), Marburg, provided methodological advice
and moderated the consensus conference as a neutral guideline
expert. Mr. Torsten Karge, CGS Usergroup, Berlin, was available
for the guideline portal and provided technical support for the
consensus conference.

The guideline project was advertised in the Journal of Gastroen-
terology and published on the AWMF website, so that other pro-
fessional societies/representatives could register for participation.
The relevant professional societies and patient groups were con-
tacted and asked to nominate their representatives.

1.7 Representatives of the Guideline Group:
Participating Professional Societies

= German Society for Endoscopy Assisting Personnel (Deutsche
Gesellschaft fiir Endoskopie-Assistenzpersonal, DEGEA)
U. Beilenhoff (Ulm)

= German Society for Anesthesia and Intensive Care Medicine
(Deutsche Gesellschaft fiir Andsthesiologie und Intensivmedizin
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e.V, DGAI)
P. Tonner (Leer (Ostfriesland), F. Wappler (K6In)

= German Society for General and Visceral Surgery (Deutsche
Gesellschaft fiir Allgemein- und Viszeralchirurgie e. V., DGAV)/
Surgical Working Group for Endoscopy and Sonography (CAES)
(Chirurgische Arbeitsgemeinschaft fir Endoskopie und Sono-
graphie of the DGAV)
A. Schaible (Heidelberg)

= German Society for Endoscopy and Imaging Procedures
(Deutsche Gesellschaft fiir Endoskopie und Bildgebende Ver-
fahren e.V., DGE-BV)
H. Allescher (Garmisch-Partenkirchen)

= Society for Law and Politics in Health (Gesellschaft fiir Recht
und Politik im Gesundheitswesen, GPRG)
H. Bitter (Miinchen)

1.8 Representatives of the Guideline Group: Participa-
tion of Patients

S.In der Smitten (Berlin) of the German Crohn’s Disease/Ulcerative
Colitis Association (Deutsche Morbus Crohn/Colitis ulcerosa Ver-
einigung, DCCV)

In addition to the steering group (> Table 1), five working
groups (WGs) were formed, each headed by a leader (» Table 2).
In addition to gastroenterologists, internists, surgeons, anesthe-
siologists, intensive care physicians, endoscopists, and patient re-
presentatives participated in the working groups.

» Table2 Members of the Guideline Group.

WG 1: Indications/goals/known risks/ WG-head

patients/quality goals WG-members

WG 2: Pharmacology WG-head

WG-members

WG 3: Structure quality WG-head

WG-members

WG 4: Process quality WG-head

WG-members

WG 5: Result quality WG-head

WG-members
WG overlapping
Coordinators

Methodology

Organization

2 Methodologic Procedure

2.1 Evidence Synthesis
2.1.1 Fundamentals of the Methodology
2.1.1.1 Scheme of Evidence Rating

For recommendations reviewed in this update for which no new rel-
evant literature was found, the evidence levels of the associated
studies were retained. If there was new relevant literature, it was as-
sessed and added to the guideline report in the appendix. The lit-
erature review was conducted according to the Oxford Centre for
Evidence-Based Medicine 2011 evidence classification (> Table 4).
The details of the search, selection, and evaluation of the evidence
are presented in the guideline report.

» Table 1 Steering Committee.

Name Site Responsibility
A. Riphaus Frankfurt DGVS
T. Wehrmann Wiesbaden DGVS
A. |. Eckardt Wiesbaden DGVS
P. Klare Hausham DGVS

U. Rosien, Hamburg (DGVS)

S.In der Smitten, Berlin (DCCV)
F. Wappler, KoIn (DGAI)

P. H. Tonner, Leer (Ostfriesland) (DGAI)

M. Jung, Frankfurt am Main (DGVS)
D. Schilling, Mannheim (DGVS)
T. Voigtlander, Hannover (DGVS)

T. Wehrmann, Wiesbaden (DGVS)

H. Allescher, Garmisch-Partenkirchen (DGE-BV)
A. Behrens, Berlin (DGVS)

S.von Delius, Rosenheim (DGVS)

U. Beilenhoff, Ulm (DEGEA)
H. Bitter, Miinchen (GRPG)
H. Seifert, Oldenburg (DGVS)

A. Riphaus, Frankfurt (DGVS)

P. Heidemann, Schwerin (DGVS, Vertreterin niedergelassene
Arztinnen/Arzte)
A. Schaible, Heidelberg (DGAV/CAES)

A. |. Eckardt, Wiesbaden (DGVS)
P. Klare, Hausham (DGVS)

A. Riphaus, Frankfurt (DGVS)
T. Wehrmann, Wiesbaden (DGVS)

I. Kopp, Marburg (AWMF)
P. Lorenz, Berlin (DGVS)
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# Thieme

2.1.1.2 Scheme of the Recommendation Grading

When converting the strength of evidence into the recommenda-
tion strength, the recommendation grade could be upgraded or
downgraded compared to the evidence grade. Reasons for this
could be, for example, the lack of consistency of the study results,
the relevance of the endpoints and effect sizes, the benefit-risk
ratio, patient preference, or feasibility. Grading of the recommen-
dation was also done using the wording “we recommend”, “we
suggest”, or “may be considered” (> Table 3; German: “soll”,
“sollte”, or “kann”). The consensus strength was determined
according to » Table 5.

2.1.1.3 Statements

Statements are presentations or explanations of specific facts or
issues without an immediate call for action. They are adopted in
a formal consensus process, as in the case of recommendations,
and can be based either on study results or on expert opinions.

2.1.1.4 Expert Consensus

Recommendations for which no systematic literature search was
conducted or for which no literature was available after extensive
research are referred to as expert consensus. The recommenda-
tion grading results exclusively from the wording used (we recom-
mend/we suggest/may be considered) according to the grading in
» Table 3.

2.2 External Review and Adoption

2.2.1 Adoption by the Boards of the Issuing Professional
Societies/Organizations

The complete guideline was reviewed and agreed upon by the ex-
ecutive boards of all participating professional societies and was
available as a consultation version for the professional public for
four weeks from January 13 to February 12, 2023, for comments
on the DGVS website and at the AWMF. Comments were solicited
via the DGVS Newsletter. The proposed changes are presented in
the guideline report.

2.2.2 Editorial Independence and Funding of the Guideline

The preparation of the guideline was editorially independent. The
DGVS financed the use of the guideline portal and the online con-
sensus conference. There was no financial involvement by third
parties. Mandate holders and experts worked exclusively on a
voluntary basis.

2.2.3 Disclosing and Handling of Conflicts of Interest

In accordance with the AWMF rules for dealing with conflicts of in-
terest, all participants submitted their declarations on the cor-
responding AWMF form (Form 2018). Conflicts of interest were
screened by the guideline coordinators and Prof. Kopp (AWMF).
Initially, they were screened for thematic relevance to the guide-
line and then categorized according to the AWMF criteria as low,
moderate, or high with respect to the individual recommenda-

» Table3 Scheme on Grading of Recommendations.

Recommendation Description Syntax

grade (Only S3)’

A Strong recommenda- We recommend
tion

B Recommendation We suggest

0 Recommendation open May be considered

! The recommendation grade and the level of evidence are only speci-
fied for evidence-based recommendations. For expert consensus-
based recommendations, the grading is done via we recommend/we
suggest/may be considered and via the description given in the table.

tion. The management proposal was discussed, consented to, and
implemented at the beginning of the consensus conference with
all participating experts.

Paid lecturing/or training and paid authorship/or co-author-
ship were categorized as low conflicts of interest and had no con-
sequences in terms of voting.

The following conflicts of interest were rated as moderate:
= Consultant or expert activity or paid participation in a scientific

advisory board of a company in the healthcare industry (e. g.,

pharmaceutical industry or medical device industry), a com-

mercially oriented contract institute, or an insurance company
= Participation in a scientific advisory board (advisory board)
= Research projects/conduction of clinical studies: financial con-
tributions (third-party funds) for research projects or direct fi-
nancing of institution employees by a company of the health-
care industry, a commercially oriented contract institute, or an
insurance company

The following company was identified as a potential conflict of in-
terest: Medtronic (on the topic of capnography monitoring). In
addition, the company E&L medical GmbH was up for discussion
as a potential conflict of interest, as this company distributes soft-
ware for reporting endoscopic procedures. However, since the
company itself is not involved in any way in the issue, the evalua-
tors see no or only a minor relevant conflict of interest.

There were no conflicts of interest for Prof. Dr. Andrea Riphaus
and Prof. Dr. Till Wehrmann when the 2008 guideline was prepar-
ed. In the 2014 update (published in January 2015), Prof. Dr. An-
drea Riphaus and Prof. Dr. Till Wehrmann had a relevant conflict of
interest regarding the vote on capnography monitoring, as they
had received support from Covidien in 2011 (loan of equipment
for a study). However, since this event occurred now 10 years
ago, it is no longer assessed as a relevant conflict of interest for
the current guideline.

Owner interests (patent, copyright, ownership of business
shares, stocks, and funds with participation of healthcare compa-
nies) were rated as high conflicts of interest. High conflicts of in-
terest related to the guideline were not identified.
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» Table4 Oxford Centre for Evidence-Based Medicine 2011 Levels of Evidence [1].

Question

How common is
the problem?

Is this diagnostic
or monitoring
test accurate?
(Diagnosis)

What will hap-
pen if we do not
add a therapy?
(Prognosis)

Does this inter-
vention help?
(Treatment
Benefits)

What are the
COMMON
harms?
(Treatment
Harms)

What are the
RARE harms?
(Treatment
Harms)

Is this (early
detection) test
worthwhile?
(Screening)

Step 1
(Level 1%)

Local and current random
sample surveys
(or censuses)

Systematic review of cross
sectional studies with con-
sistently applied reference
standard and blinding

Systematic review of
inception cohort studies

Systematic review of
randomized trials or
n-of-1 trials

Systematic review of ran-
domized trials, systematic
review of nested case-con-
trol studies, nof-1 trial with
the patient you are raising
the question about, or
observational study with
dramatic effect

Systematic review of
randomized trials or
n-of-1 trial

Systematic review of
randomized trials

Step 2
(Level 2%)

Systematic review of sur-
veys that allow matching
to local circumstances™* *

Individual cross sectional
studies with consistently
applied reference standard
and blinding

Inception cohort studies

Randomized trial or obser-
vational study with dra-
matic effect

Individual randomized trial
or (exceptionally) observa-
tional study with dramatic
effect

Randomized trial or
(exceptionally) observa-
tional study with dramatic
effect

Randomized trial

Step 3
(Level 3%)

Local non-random
sample™*

Non-consecutive studies,
or studies without consis-
tently applied reference
standards ™ *

Cohort study or control
arm of randomized trial*

Non-randomized con-
trolled cohort/follow-up
study™ *

Non-randomized con-
trolled cohort/follow-up
study (post-marketing sur-
veillance) provided there
are sufficient numbers to
rule out a common harm.
(For long-term harms the
duration of follow-up must
be sufficient.)**

Non-randomized con-
trolled cohort/follow-up
study™ ™

OCEBM Levels of Evidence Working Group™. “The Oxford 2011 Levels of Evidence”.

Oxford Centre for Evidence-Based Medicine. http://www.cebm.net/index.aspx?0=5653%22\h

* OCEBM Table of Evidence Working Group = Jeremy Howick, lain Chalmers (James Lind Library), Paul Glasziou, Trish Greenhalgh, Carl Heneghan, Alessan-

dro Liberati, lvan Moschetti, Bob Phillips, Hazel Thornton, Olive Goddard and Mary Hodgkinson.

" Level may be graded down on the basis of study quality, imprecision, indirectness (study PICO does not match questions PICO), because of inconsistency
between studies, or because the absolute effect size is very small; Level may be graded up if there is a large or very large effect size.

™ As always, a systematic review is generally better than an individual study.

As a result, one expert was identified as having a moderate

conflict of interest. Moderate conflicts of interest resulted in ab-
stention from voting. In addition, the interdisciplinary, represent-
ative composition of the guideline group, as well as the structured
consensus finding under neutral moderation, were assessed as
protective factors against bias.

Step 4
(Level 4%)

Case-series™*

Case-control studies, or
“poor or non-indepen-
dent reference stand-
ard”**

Case-series or casecon-
trol studies, or poor
quality prognostic
cohort study™*

Case-series, case-
control studies, or
historically controlled
studies™ *

Case-series, case-
control, or historically
controlled studies™*

Case-series, case-
control, or historically
controlled studies™*

» Table5 Classification of Consensus Strength.

Consensus

Strong consensus
Consensus
Majority agree

No consensus

Wehrmann T, Riphaus A et al. Updated S3 Guideline... Z Gastroenterol 2023; 61: e654-e705 | © 2023. Thieme. All rights reserved.

% Approval

295
>75-95
250-75
<50

Step 5
(Level 5)

n/a

Mecha-
nism-based
reasoning

n/a

Mecha-
nism-based
reasoning

Mecha-
nism-based
reasoning

Mecha-
nism-based
reasoning
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Overview of all recommendations where it was necessary to
abstain because of conflicts of interest

Name Abstentions in WG| Reason
Recommendation

von Delius, WG 3:
Stefan Recommendation 3.4.2

Medtronic (on capnogra-
phy monitoring)

The declarations of interest of all experts are presented in the
guideline report.

Participants of the Consensus Conference

Guideline Experts: Hans-Dieter Allescher (DGE-BV), Angelika
Behrens (DGVS), Ulrike Beilenhoff (DEGEA), Horst Bitter (GRPG),
Alexander ]. Eckardt (DGVS), Peggy Heidemann (DGVS), Susanne
In der Smitten (DCCV), Michael Jung (DGVS), Peter Klare (DGVS),
Andrea Riphaus (DGVS), Ulrich Rosien (DGVS), Anja Schaible
(CAES), Dieter Schilling (DGVS), Hans Seifert (DGVS), Peter H.
Tonner (DGAI), Torsten Voigtldnder (DGVS), Stefan von Delius
(DGVS), Frank Wappler (DGAI), and Till Wehrmann (DGVS).

Organization and Methodology: Ina Kopp (AWMF), Torsten
Karge (CGS-Usergroup), and Pia Lorenz (DGVS).

The influence of conflicts of interest was further reduced by
the formal two-stage consensus building and by the creation of
the interdisciplinary working groups.

2.3 Distribution and Implementation

2.3.1 Concept of Distribution and Implementation

The guideline is published in the Journal of Gastroenterology and
on the homepages of the DGVS (www.dgvs.de) and the AWMF
(www.awmf.de).

2.3.2 Validity Period and Updating Procedure

The validity of the guideline is five years (April 30, 2027). The revi-
sion will be initiated by the guideline officers of the DGVS. The
steering group will review the need for updating the guideline on
an annual basis. For further information, please contact the DGVS
office (leitlinien@dgvs.de).

3 Editorial Note

3.1 Gender-Neutral Wording

For the sole purpose of better readability, the gender-specific
spelling has been omitted. All personal designations in this docu-
ment are therefore to be understood as gender neutral.

3.2 Participatory Decision Making

All recommendations of the guideline are to be understood as re-
commendations that are made and implemented as a participa-
tory decision-making process between physician and patient
and, if applicable, the patient’s relatives.

4 Special Note

Medicine is subject to a continuous development process, so that
all information, in particular on diagnostic and therapeutic proce-
dures, can only correspond to the state of knowledge at the time
of the printing of the guideline. The greatest possible care has
been taken regarding the recommendations on therapy and the se-
lection and dosage of drugs. Nevertheless, users are urged to con-
sult the manufacturers’ package inserts and expert information for
verification and, in case of doubt, to consult a specialist. In the gen-
eral interest, any discrepancies should be reported to the DGVS.
The users themselves remain responsible for any diagnostic and
therapeutic application, medication, and dosage. In this guideline,
registered trademarks (protected trade names) are not specially
marked. It can therefore not be concluded from the absence of a
corresponding reference that it is a free trade name. The work is
protected by copyright in all its parts. Any use outside the provi-
sions of copyright law without the written consent of DGVS is pro-
hibited and punishable by law. No part of the work may be repro-
duced in any form without written permission. This applies to
duplications, translations, microfilming, and the storage, use, and
exploitation in electronic systems, intranets, and the internet.

1 Guideline - Indications/Goals/Known Risks/
Patients/Quality Goals

1.1 Recommendation on Sedation Choices

Recommendation 1.1 2022 (modified)

1.1a) We recommend that every patient should be offered sedation
before endoscopy.

Evidence level 5, recommendation grade A, strong consensus

1.1b) We recommend that patients should be informed about the ad-
vantages and disadvantages of an examination with and without sedation.

Evidence level 5, recommendation grade A, strong consensus

1.1. ¢) We recommend that, in principle, simple endoscopic examina-
tions may be performed without sedation.

Evidence level 5, recommendation grade A, strong consensus

Background

Every patient has the right to an endoscopy that is as painless
and stress free as possible. Therefore, it does not seem ethically
justifiable to withhold sedation from patients as a matter of prin-
ciple [2]. Endoscopic examinations can be unpleasant, so sedation
is desired or recommended. In particular, involuntary movement
by the patient should be avoided during difficult prolonged endo-
scopic interventions (e. g., ERCP, difficult resections, or drainage
procedures). Therefore, sedation should principally be offered to
every patient. Differentiated information for patients about seda-
tion options and implementation increases examination accep-
tance and awareness [3, 4]. After being appropriately informed
about sedation, the individual patient’s wishes should, if possible,
be taken into consideration.
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Simple examinations are defined as diagnostic endoscopies or
interventions that are simple, brief, and not painful. A randomized
controlled trial [5] and two prospective cohort studies [6, 7] sub-
stantiate this statement using colonoscopy as an example. The
consent to an unsedated colonoscopy was as high as 88 %. In con-
trast, in another study, only 20 % of respondents agreed to colo-
noscopies without sedation. Male gender, higher education, and
lower anxiety were positive predictors for patients to want colo-
noscopies without sedation [8].

1.2 Recommendation on Indications for Sedation

Recommendation 1.2 2022 (modified)

We recommend that the following aspects should be considered when
deciding for or against a sedation procedure and/or analgesia:

= Patient characteristics (risk profile, comorbidities, preferences)

= Type of endoscopic intervention (indication, duration, invasiveness)
= Structural prerequisites

Evidence level 5, recommendation grade A, strong consensus

1.3 Recommendation on Examination Quality

Statement 1.3a) 2021 (unchanged)

It is not possible to make a statement on the effect of the complication
rate (because of the endoscopic procedure) if sedation is not used.

Evidence level 5, strong consensus

Recommendation 1.3b) 2021 (unchanged)

Sedation may be considered for gastroscopy and colonoscopy with the
aim of increasing the diagnostic value.

Evidence level 2b, recommendation grade 0, strong consensus

Background

A large Italian cohort study including more than 12,000 pa-
tients showed that sedation can increase the diagnostic value: se-
dated patients had a higher polyp detection rate than nonsedated
patients. Also, the cecum (meaning a complete colonoscopy) was
reached more frequently in this study [9]. The latter could be con-
firmed in other large cohort studies where sedation increased the
probability of a complete colonoscopy by almost a factor of two
[10].

The need for sedation in gastroenterological interventions is
not obligatory in all endoscopic procedures and ultimately de-
pends on the type, duration, complexity, and invasiveness of the
examination, as well as on the patient’s wish. Sedation contributes

significantly to the comfort of the examination for both the pa-
tient and the examiner. It is the prerequisite for successful and
low-risk examinations, especially in the case of complex therapeu-
tic procedures.

Previous unpleasant examinations, anxiety, and the patient’s
ability to understand should be considered. In addition, there are
often - culturally determined - major differences in handling se-
dation during gastrointestinal endoscopy. For example, in the Uni-
ted States and the United Kingdom, patients are sedated in up to
88% [11] of endoscopic examinations. In contrast, the sedation
frequency in Germany and Switzerland in the 1990 s was signifi-
cantly lower at approximately 9% [12], but is clearly increasing
with the complexity of the examination. However, survey results
also show a significant increase in sedation frequency for endo-
scopic procedures in Germany of around 90 % [13, 14]. This is pre-
sumably due on the one hand to an increased frequency of inter-
ventional examinations and on the other hand because of patient
wishes (e. g., for colon carcinoma screening).

However, there are almost no studies that evaluate the safety
of diagnostic and therapeutic endoscopy with or without seda-
tion. An American study failed to meet the comparative objective
because of a lack of patient acceptance (high desire for sedation)
[5].

The result of a German study showed that colonoscopy can be
performed without sedation in more than 90 % of cases with a low
complication rate [6]. However, in general, patients wish to be se-
dated [6, 15, 16]. This does not seem to have a lasting effect on
the complication risk during endoscopy.

For example, a prospective study by Dillon et al. [17] involving
136 children undergoing colonoscopy under general anesthesia
demonstrated that the perforation rate was no higher than in
adults under sedation. A meta-analysis examined the perforation
rate in adults and found no increased rate under propofol sedation
[18]. Thus, the claim that there are fewer colonoscopy perfora-
tions if pain is maintained cannot be confirmed.

1.4 Recommendation on Risk Assessment

1.4.1 General Considerations

Sedating and analgesic-acting drugs can induce overlapping and,
sometimes, not clearly distinguishable states, ranging from mini-
mal sedation (anxiolysis) to general anesthesia.

Sedation and/or analgesia procedures by physicians who are
not anesthesiologists should not reach a planned level of sedation
in which life-sustaining reflexes are impaired or abolished.

Planned general anesthesia (with loss of consciousness/protec-
tive reflexes) is reserved exclusively for anesthesiologists (excep-
tions exist in intensive care).

If, in individual cases, a state is reached in which life-sustaining
reflexes are impaired or switched off (general anesthesia) and if
the procedure is to be continued, an anesthesiologist must be
consulted.
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» Table6 Modified Richmond Agitation-Sedation Score [19].

Grade Term Description

0 Alert and calm

1 Sleepy Not completely alert, but awake phases (eyes open, eye contact) lasting at least 10 s when patient is addressed
2 Mild sedation Awake phase (eyes open, eye contact) lasting less than 10 s when patient is addressed

3 Moderate sedation Movement or eye opening when patient is addressed (but no eye contact)

4 Deep sedation No reaction when patient is addressed, but movement or eye opening when physically stimulated (shaking

shoulder or rubbing sternum)

5 No reaction

No reaction when patient is addressed or physically stimulated

» Table 7 Stages of Sedation, Modified from the American Society of Anesthesiologists [20].

Minimal Moderate
(anxiolysis)

Reaction when being

addressed priately to verbal

commands

Spontaneous breathing Not influenced Adequate

Despite the fluent, not always safely controllable, sedation-lev-
el transitions, different degrees of (analgo-) sedation can be dis-
tinguished.

The degree (depth) of sedation can be determined and classi-
fied by a validated scale. While the modified Richmond Agitation-
Sedation Score scale (RASS scale) [19] (» Table6) is usually used
in European anesthesia, in gastroenterology/endoscopy the classi-
fication of the different sedation stages is mainly done according
to the American Society of Anesthesiologists [20] (» Table 7).

Recommendation 1.4 2022 (modified)

We recommend that the sedation type and depth, as well as the drug
used, should be selected according to the type of intervention, as well as
the patient’s ASA grade and individual risk profile. There are special re-
quirements with respect to the facilities, equipment, and qualified per-
sonnel.

If the prerequisites defined under “structure quality” cannot be met, we
recommend that sedation should be avoided after considering the risk-
benefit, as well as the patient’s wish. If sedation is indicated and/or pa-
tients want to be sedated, we recommend they should be referred to a
facility that meets these requirements.

Evidence level 5, recommendation grade A, strong consensus

Background

The American Society of Anesthesiologists and the American
Society of Gastroenterologists [20, 21] recommend carrying out
a risk assessment of any cardiovascular and respiratory problems

Patient reacts appro- ~ Somnolence, reaction to louder
commands with additional tactile  poseful response after repeated
stimulation if necessary

Deep Anesthesia

Patient cannot be wo-
ken, not even in re-
sponse to pain stimuli

Somnolence, hard to wake, pur-

or painful stimulation

Respiratory function may be in-
adequate; patients may require
assistance in maintaining a patent
airway

Inadequate, ITN or lar-
ynx mask necessary

that could occur during endoscopy before the examination be-

gins. Additionally, a physical examination should be performed

that, aside from vital signs, includes auscultation of the heart and

lungs.
A detailed history should include the following questions

about:

= Diseases of the cardiovascular and respiratory system

= Stridor, snoring, sleep apnea syndrome

= Kidney function disorders, liver diseases

= Diabetes mellitus, obesity

= Neurologic/muscular disorders

= Age

= Previous operations which are relevant for the endoscopic ac-
cess

= Complications on previous occasions when sedatives/analge-
sics, regional and/or general anesthesia were administered

= Drug allergies, current medication, and possible drug interac-
tions [22]

= Tobacco, alcohol, drug consumption

= Most recent meal: when and what was eaten

In a prospective study at several hospitals in the Melbourne re-
gion, risk factors and risk assessment were confirmed by ASA clas-
sification [23].

Endoscopic examinations in patients with liver cirrhosis are
safely possible under adequate surveillance. The increased seda-
tion risk is determined by the often associated (cardiopulmonary)
comorbidity.
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» Table 8 ASA Classification.

Selected Examples (Adults)

Healthy, no nicotine, no/minimal alcohol consumption

Without relevant impairment; smoker, social alcohol consumption, pregnancy, obesity
(30 to under 40 kg/m?), well controlled DM/hypertension, mild liver disease

With impairment; at least moderate to severe disease; obesity (BMI =40 kg/m?), poorly
controlled DM/hypertension, active hepatitis, alcohol addiction, pacemaker, moderate
impairment of ejection fraction, stable dialysis patient, myocardial infarction/TIA/arter-
josclerosis more than 3 months ago with stents

Myocardial infarction/TIA/arteriosclerosis less than 3 months ago with stents, persistent
myocardial ischemia, severe valve dysfunction, pronounced impaired ejection fraction,

shock, sepsis, acute or terminal kidney failure without established regular dialysis

ASA Grade Definition

| No risk

Il Mild disease

11l Severe disease

\Y Severe, constantly life-threatening disease

\Y Moribund patient, who is expected to die
without the intervention

VI Brain-dead patient directly before the

organ removal for transplantation

Under sedation, obesity (BMI greater 30 kg/m?) is a risk factor
for hypoxemia and higher age for hypotension. However, thresh-
old values are not defined [24-28].

Previous operations (e. g., ERCP after gastrectomy or bypass
OP) can increase the examination duration and, thus, the need
for sedation [29].

The ASA classification [30] (> Table 8) and the structure quali-
ty are the bases for the existing guidelines [20, 31-33]. Patients
with ASA grade Il or higher (> Table 8) have an increased risk of
complications during sedation or the endoscopic intervention.

The upgrade of the abovementioned statement to a recom-
mendation grade A, with an evidence level of 5, is due to a 2b evi-
dence level for ASA grade and comorbidity, as well as to patient
safety considerations.

1.5 Recommendation on Anesthesia/Endotracheal
Intubation

Recommendation 1.5 2022 (modified)

We recommend considering the consultation of an anesthesiologist for
patients with a high-risk profile. This includes patients with a high ASA
grade (I1I-1V) and a difficult endoscopic intervention or the presence of
pathological anatomical features associated with a higher risk of airway
obstruction during the intervention (e. g., craniofacial malformation;
lingual, laryngeal, or hypopharyngeal tumor; severely restricted mobility
of the cervical spine; severely restricted mouth opening <3 cm; Mal-
lampati grade 3 or 4; or a restricted hyoid-to-chin distance <6 cm).

Evidence level 5, recommendation grade A, consensus

Ruptured aortic aneurysm, polytrauma, intracranial mass bleeding, ischemic bowel
infarction in the presence of significant heart disease or multiple organ dysfunction

Background
A routine endoscopy under sedation seems to be safely feasible

in patients with, at most, mild concomitant disease (ASA | or II)

[34-36]. The most frequent adverse events are hypoxemia and hy-

potension. Only by properly evaluating the sedation/anesthesia risk

and weighing the intervention risk can the need/type/depth of se-

dation be adequately planned prior to the examination. The risk

profile also includes pathologic/anatomic features that may lead to

respiratory problems and that would complicate any mechanical

breathing support or ventilation that may be needed. In addition,

existing guidelines provide further guidance on assessing the in-

creased risk of respiratory disability in patients with pre-existing

problems during anesthesia or sedation [20, 31-33].
These are:

1. Patients with stridor, snoring, and sleep apnea

2. Patients with malformation of the facial bones, e. g., Pierre-
Robin syndrome or Down syndrome

3. Patients with malformation of the mouth, such as small open-
ing (<3 cm for adults), agomphiasis, projecting anterior teeth,
missing or broken teeth, strongly curved palate with macro-
glossia, tonsil hypertrophy, or a uvula that is not visible

4. Patients with abnormalities of the neck, such as obesity invol-
ving the neck and face, short neck, restricted neck mobility,
reduced hyoid-to-chin distance (<6 cm for adults), neck tu-
mors, disease or trauma of the cervical spine, tracheal altera-
tions, or rheumatoid arthritis

5. Patients with jaw malformations such as micrognathia, retro-
gnathia, the jaw typical of Down syndrome, or pronounced
malocclusion

6. Due to their risk profile, persons with alcohol abuse, drug
abuse, or patients on long-term and extensive medication, as
well as patients with a high ASA grade and/or persons who are
not able to cooperate, who are also expected to have higher
requirements for sedation
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Data are controversial on the significance of obstructive sleep ap-
nea (OSA). Liou et al. found a higher rate of hypoxemia under se-
dation in individuals at increased risk for OSA when using the Ber-
lin Questionnaire (BQ; the BQ targets OSA and differentially asks
about snoring behavior and daytime sleepiness) [37]. In contrast,
Andrade et al. did not observe an increased rate of cardiopulmon-
ary complications in patients with known OSA, and Mudambi et al.
did not observe an increased rate of hospital or intensive care ad-
missions or emergency department presentations [38, 39]. How-
ever, the studies do not distinguish between obstructive sleep ap-
nea and obstructive sleep apnea syndrome with sequelae, which
might be more critical to evaluate.

Patients with high-risk profiles and ERCP benefit from examina-
tion under intubation anesthesia [40]. However, involving or con-
sulting an anesthesiologist in case of an increased risk profile, ex-
pected long intervention duration, or increased risk of a relevant
acute complication (e. g., aspiration risk in interventions in the
proximal esophagus) does not inevitably lead to an indication for
intubation anesthesia [41-44].

1.6 Recommendation on Protective Endotracheal
Intubation

Recommendation 1.6 2022 (modified)

Deep sedation leads to impairment of protective reflexes (swallowing
reflex and coughing reflex). This increases the risk of aspiration. Thus, in
special situations in emergency endoscopy with increased aspiration risk
(e. g., severe upper gastrointestinal bleeding) under sedation, we re-
commend considering an indication for endotracheal intubation.
Whether prophylactic intubation is associated with increased risk of
pneumonic infiltrate has so far not been conclusively determined.

Evidence level 4, recommendation grade A, strong consensus

Background

It is a basic fact that deep sedation leads to impairment of the
protective reflexes. For this reason, if an additional aspiration risk
is present (e. g., during emergency endoscopy for upper gastroin-
testinal bleeding), tracheal intubation seems sensible to avoid as-
piration. However, because there are no high-quality studies that
prove that the advantages of this procedure outweigh the disad-
vantages, it is not possible to issue a general recommendation.

A retrospective case-control study by Koch et al. [45] studied a
total of 62 patients, 42 of whom underwent prophylactic endotra-
cheal intubation before the start of endoscopy for variceal hemor-
rhage. Subsequently, they found pneumonic infiltrates in 17 % of
the intubated patients. This was not the case in the non-intubated
patients. In addition, overall mortality was higher in the group
that underwent prophylactic intubation (21 % vs. 5%).

In another retrospective case-control study by Rudolph et al.
[46] including 220 patients, no significant difference was seen in
the frequency of pneumonic infiltrates and overall mortality be-
tween the intubated and non-intubated groups. However, deaths
caused by aspiration were higher among patients who did not un-
dergo prophylactic intubation (2 % vs. 0 %).

Because of a lack of clarity in such retrospective analyses about
how patients were allocated to the groups and, thus, a possible
bias (severely ill patients are more likely to undergo intubation),
these studies are only of limited value.

In a population-based cohort study, Bielawska et al. analyzed
retrospective data of 3 million ambulatory colonoscopies in the
Ontario area [47]. They found an association of anesthesiologist-
assisted examinations and aspiration pneumonia. Data on inten-
ded or achieved sedation depth and rate of primary intubation ex-
aminations are missing. Again, the retrospective approach does
not allow for an evaluation of bias in the sedation choice influ-
enced by concomitant diseases.

1.7 Recommendation on Patient Positioning

Recommendation 1.7 2022 (modified)

We recommend ensuring that sedated patients are positioned correctly
to avoid position-related damage and aspiration, as well as ensuring that
body temperature management be adapted to the duration of the ex-
amination.

Evidence level 5, recommendation grade A, strong consensus

Background

Positional damage during gastrointestinal endoscopy under
sedation/anesthesia should always be avoided. There is no direct
evidence of positional damage in endoscopy. The recommenda-
tion is, therefore, based on the joint recommendation of the Pro-
fessional Association of German Anesthesiologists and the Profes-
sional Association of Surgeons [48] and Update BDA from 2016.

Patients may move involuntarily, especially with shallow seda-
tion. Appropriate fall prevention must be employed by securing
patients appropriately (e.g., lunge protection and safety harnes-
ses).

For correct positioning during the use of HF-surgery, please re-
fer to the S2k guideline on quality requirements in endoscopy.

Positional damage is usually caused by pressure and traction at
anatomically exposed sites or by overstretching as a result of pro-
longed nonphysiological positions. The most frequently affected
are brachial plexus, N. ulnaris, and N. fibularis [49].

Positional injuries are most likely to occur during procedures in
the abdominal and lateral position or when transferring the pa-
tient from the examination table to the bed. The use of appropri-
ate positioning aids is recommended. Particularly during long
procedures (e. g., endoscopic submucosal dissection, retroperito-
neal intervention, etc.), care should be taken to ensure correct po-
sitioning. If necessary, this should include occasional reposition-
ing and relief of stressed regions or joints, analogous to the
procedure for surgical operations.

Suitable measures must be taken to prevent patients from suf-
fering hypothermia and their eyes from drying out. To avoid eye
damage in an abdominal position, care must be taken to ensure
positioning to avoid lower eye compression [48].
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2 Guideline - Sedatives/Analgesics/Adjuvant
Drugs

2.1 Acceptance by the Patient and the Endoscopist
2.1.1 Patient Acceptance/Satisfaction

Recommendation 2.1 2022 (modified)

We recommend that sedation should be offered because it increases the
patients’ comfort and, hence, their acceptance of the endoscopic inter-
vention. Ideally, sedation should not result in memory of unpleasant

sensations, but at the same time, the duration of action should be short.

Evidence level 1b, recommendation grade A, strong consensus

Background

The performance of analgesia and sedation for endoscopy is
dependent on several factors. The procedure is performed differ-
ently in larger clinics than in small hospitals or private practices.
Regional differences, safety requirements, and reimbursement
also play a role. More than 98 % of colonoscopies in the United
States and more than 90 % in Canada are performed under seda-
tion [15, 50]. Large discrepancies exist in Europe. In Italy, sedation
is standard practice. In contrast, in Germany 87 % of colonosco-
pies and 74 % of esophagogastroduodenoscopies are performed
with sedation [13, 51]. However, in Spain, less than 20 % patients
are sedated during colonoscopy [52]. A recent Greek survey found
that 83.3 % of patients are sedated during endoscopy [53].

Only 12 % of the endoscopists in the United States would agree
to have their own colonoscopy done without sedation. The other
half would prefer propofol sedation [15].

Adequate analgesia and sedation can influence the quality of
the examination and the satisfaction of both the patient and en-
doscopist [54]. Patients primarily wish to be completely pain free,
followed by the desire to wake up as soon as possible [55]. In a
study by Abraham et al. [56], it was shown that gastroscopies un-
der sedation resulted in less frequent repeat examinations and
were associated with increased patient acceptance. The increase
in patient acceptance with sedation for endoscopic procedures
has also been demonstrated by other studies [57-64]. A large
meta-analysis showed greater patient satisfaction under sedation
[65]. Patient acceptance is also greater for colonoscopies under
sedation with propofol [66].

However, when benzodiazepines are used during upper endos-
copy (gastroscopy), patient discomfort may occur (especially vo-
miting and retching reflex), which may not be noticed by the en-
doscopist. In a study by Walmsley et al. [67], endoscopists did not
notice such discomfort occurring in 12 % of patients. Even in the
case of moderate sedation with midazolam, patients can sense
pain [5], which may not necessarily be noticed by the endoscopist.
However, patients frequently do not recall these complaints as a
result of the amnestic properties of midazolam.

The variables influencing patient satisfaction were investigated
in a study of 456 patients who underwent gastroscopies, colonos-
copies, or a combination of both [68]. The multivariate analysis
showed that especially long procedures and young patients (<50

years) were factors associated with great dissatisfaction. There-
fore, they require increased vigilance regarding sedation. It was
demonstrated on 600 patients who had colonoscopies that pro-
pofol led to greater postprocedural satisfaction than midazolam
[69]. A smaller study on 72 patients who underwent endoscopic
submucosal dissections showed that satisfaction of patients seda-
ted with propofol could be increased by premedication with
0.02 mg/kg midazolam [70]. A meta-analysis demonstrated that
the sedation depth of patients undergoing colonoscopies has no
effect on patient satisfaction. However, more complications arose
under deeper sedation compared to mild sedation [71].

2.1.2 Endoscopist Satisfaction

Statement 2.2 2022 (unchanged)

Sedation increases the technical feasibility and the chance that the ex-
amination can be completed and, thus, improves examiner satisfaction
(especially in interventional endoscopy).

Evidence level 1b, strong consensus

Statement 2.3 2022 (unchanged)

In interventional endoscopy, an endoscopist’s satisfaction is superior for
propofol over midazolam.

Evidence level 1b, strong consensus

Sedation can improve technical success and more complete ex-
ams, and therefore, it can increase the endoscopist’s satisfaction
(especially during interventions) [72, 73]. Similarly, a combination
of benzodiazepines with opioids can improve examiner satisfac-
tion. A study of 107 patients compared midazolam combined
with placebo and midazolam combined with meperidine for EGD
[74]. Endoscopist satisfaction was significantly better with the
combination regimen (P <0.001), whereas little difference was
seen in patient acceptance. Sedation with benzodiazepines leads
to sufficient sedation in 85 % of cases and adequate examination
conditions in 71 %. However, patient satisfaction is even higher
with propofol mono- or combination therapy [65].

Deep sedation may be needed to ensure that examinations can
be done safely without unwanted and uncontrollable involuntary
patient movement, especially for longer and more complex inter-
ventions [68, 75]. Propofol is superior to midazolam in regard to
endoscopist satisfaction, particularly during interventional endos-
copies [76]. Better examination conditions may be responsible for
the trend of increasing propofol use. However, increasing sedation
depth, achieved by raising the dose of the various substances, also
increases the incidence of unexpected/unwanted side effects (see
dose recommendations in the product information of various
manufacturers and » Table9, page 38). One reason for the ob-
served deaths during or after endoscopies could be excessive dos-
ing of the administered medications [77, 78]. A single-center
study, which involved 2 audits within 2 years, including more
than 14000 patients in England, showed that the implementation
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» Table 9 Comparison of Vital Signs During Sedation with Propofol Versus Midazolam/Meperidine for ERCP.

Author

Vargo JJ [58]

Riphaus A [121]

WehrmannT [115]

Krugliak P [120]

Vital sign

Sp0,<90%
BP <75 % of baseline value
HR <75 % of baseline value
Sp0, <90 %

Mean decrease in SpO,

BP <90 mmHg

HR <50/Min.

Sp0,<90%

Mean decrease in SpO,

BP <90 mmHg

HR <50/Min.

N

BP <20 % of baseline value

HR <20 % of baseline value

Propofol

Midazolam/|pethidine
(meperidine)

Differences

Jung M [66] N
Decrease SpO0, (%)
Mean BP decrease (%)

Increase in HR (%)

BP, blood pressure; HR, heart rate; ns, not significant.
" significant (P <0.01).

of a sedation guideline for endoscopy in some cases markedly re-
duced dosages of sedatives and analgesics. However, the out-
come (e.g., mortality) did not change significantly. At the same
time, there was an increase in incomplete examinations as a result
of reduced patient compliance [78]. Another study including
585 patients undergoing colonoscopies found no effect of the
sedation depth (moderate vs. deep) on the examination quality
regarding adenoma or polyp detection [79].

In a survey of 82 620 endoscopies, propofol sedation was used
in 42 % of cases. Adverse events occurred in 0.19 %, with no re-
ported fatalities [80]. An Italian survey showed that propofol was
administered by anesthesiologists in 66 % of cases [51]. In Greece,
about 70 % of endoscopists do not work with anesthesiologists
[53].

A retrospective analysis of more than 230000 patients deter-
mined sedation and analgesia to be quality indicators for endos-
copy [10]. They were directly linked with the success rate of a
complete exam. These results are also supported by an Italian sur-
vey [81]. In Germany, the drugs most often used for sedation dur-
ing endoscopy are propofol (97 %) and midazolam (69 %). A com-
bination of these drugs is used in 43 % of cases [14]. However, a
recent survey [14] demonstrated that propofol is now being
used more often than benzodiazepines. In terms of endoscopist
satisfaction and quality of examination outcome, continuous
administration, e. g., of propofol and remifentanil, appears to be

21/37 (57 %) 14/38 (37 %) ns

7[37 (18.9%) 6/38 (15.8%) ns

3/37 (8.1%) 0/38 (0.0 %) ns

7]75 (9.0 %) 8/75 (11%) ns
3%(2%) 6% (3%) <0.01**
4/75 (5.3 %) 6/75 (8 %) ns

4/75 (5.3 %) 3/75 (4%) ns

8/98 (8.2%) 11/99 (11%) ns
3%(2%) 5% (3 %) <0.01**
2/98 (2.0%) 7[99 (7.1 %) ns

2/98 (2.0%) 5/99 (5.1 %) ns

14 15

37.0+30.1 25.2+18.6 ns
48.2+38.0 14.6+25.0 <0.01**
40 40

=2 -4 ns

14 17 ns

+3.5 +2 ns

superior to intermittent administration, although patient satisfac-
tion was higher with intermittent sedation [82].

2.2 Monotherapies
2.2.1 Propofol

2.2.1.1 General Considerations

Propofol is a sedative with minimal analgesic effect. The sedating
effect of propofol is based on the binding of the drug to GABA re-
ceptors. Propofol’s exact pharmacodynamic mechanisms are still
not completely understood. Propofol is extremely lipophilic and
develops its effect within 30-45 seconds. As is the case with
most hypnotics, the duration of action is determined by the redis-
tribution into slow and fast compartments. The duration of action
depends on the duration of its application [83]. After short-term
continuous application for 30-60 minutes, patients will take 5-
10 minutes to wake up. The quick onset of action with a short ef-
fect duration makes propofol a suitable sedative for gastrointesti-
nal endoscopy [72, 84-91]. The effect of propofol is individually
different depending on age [92, 93], body weight, co-morbidity,
or concomitant medications. The depth of propofol sedation de-
pends on its dose. Patients who are examined using propofol
monotherapy are no more prone to pain sensation than those
treated with a standard sedation regimen [66]. This is likely ex-
plained by the fact that patients cannot recall painful sensations
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that might have occurred during the procedure. Even a single bo-
lus dose can take a patient right through several levels of sedation
(» Table 6, 7) and trigger short-term apnea [94]. However, in con-
trast to midazolam, no antagonist exists for propofol. Therefore,
all endoscopy teams that use propofol for sedation must be able
to rapidly control apnea (see section 4: process quality). Adminis-
tration of propofol for endoscopies requires a high degree of
clinical expertise and attention to the patient. In Italy, propofol is
administered by an anesthesiologist in two-thirds of all cases, in
Greece in even more than 64 % of patients [51, 95].

The downsides to propofol are pain during the injection, aller-
gic reactions, and hyperlipidemia. Besides possible hypoxia from
respiratory depression, hypotension and bradycardia may occur
[96] (see also » Table9, section 2.2.3.1). In isolated cases (inten-
sive care settings), pancreatitis has been reported. As a rare oc-
currence, bacterial contamination of the lipid-based solvent of
propofol can result from improper handling, which in turn has
the potential for severe septic complications [97, 98]. With such
improper handling (e. g., splitting of ampules), a series of infec-
tions have been described. A recent Direct Healthcare Profession-
al Communication (DHPC) by the German Federal Institute for
Drugs and Medical Devices (BfArm) in May 2023 states that pro-
pofol-containing drugs are only approved for single use in individ-
ual patients and must be taken from their container under aseptic
conditions. The so-called propofol infusion syndrome (PRIS) may
occur as a complication, even after short-term application (symp-
toms include rhabdomyolysis, cardiac arrhythmias, CK elevation,
and high mortality rate) [99, 100]. However, so far, no such case
has been reported during sedation for gastrointestinal endoscopy.
Allergy to chicken protein, soy protein, or sulfite do not seem to
be relevant because of the refining process of propofol solutions
[101, 102]. However, they are still listed in the product informa-
tion and should be observed. In some cases, newer propofol for-
mulas are available [103, 104].

The use of propofol generally does not result in higher compli-
cation rates than the use of other sedation strategies, such as re-
gimens based on benzodiazepines. An early meta-analysis showed
that sedation using propofol during colonoscopies reduced the
number of complications [105]. The dosage of propofol can be re-
duced when used in combination with other sedatives/analgesics
[106, 107]. A meta-analysis of 20 studies showed that propofol
was superior to other sedatives in regard to recovery or patient
transfer times and resulted in higher patient satisfaction rates.
However, no differences were observed regarding complications
or technical success [66]. In another meta-analysis, which ana-
lyzed 36 studies with 3918 patients who were sedated for endos-
copy, propofol led to a shorter recovery time and higher patient
satisfaction in comparison to midazolam [65].

A meta-analysis of 22 studies with 1798 patients found that
patients receiving propofol for sedation recovered faster and
could be discharged sooner, with better sedation and patient co-
operation and no differences in adverse events [108]. Similar re-
sults were shown in a recent meta-analysis of colonoscopies
[109]. In a large multicenter study (ProSed 2) of 368,206 endos-
copies, a low number of complications were found (severe com-
plications: 0.01 %, deaths: 0.005 %, mild complications: 0.03 %).
Combining propofol with other sedatives allows a significant re-

duction in the dose used but without a reduction in cardiopul-
monary complications [110]. A recent meta-analysis of 22 studies
involving 2250 patients also found no benefits of combining pro-
pofol with other sedatives other than a reduction in dose [111].

2.2.1.2 Techniques of Propofol Administration

Propofol is initially administered as a bolus to induce sedation. To
maintain sedation, it is then either given as repeated boli or con-
tinuously administered using an infusion pump.

Alternative modes of administration to the intermittent bolus
mode (currently the most common method for endoscopy in Ger-
many) are administration by infusion pump (with an initial single
bolus for initiation), so-called “target-controlled infusion” (TCl),
“patient-controlled sedation” (PCS), and “computer-assisted per-
sonalized sedation” (CAPS). Intermittent bolus administration and
administration by infusion pump are standard procedures, while
the other methods are still experimental, at least regarding their
use for endoscopy.

2.2.1.2.1 Intermittent Propofol Bolus Administration

With the intermittent bolus administration method, sedation is
induced with an intravenous bolus adjusted to weight and, if nec-
essary, age and any co-morbidity of the patient (e.g., 40 mg at
<70kg body weight or 60 mg at =270 kg body weight). Thereafter,
repeated boli of, for example, 20 mg according to patient needs
are given to maintain the desired sedation depth [112]. If neces-
sary, an additional benzodiazepine and/or opioid can be added for
induction (see chapter 2.3, Combination Therapy). Intermittent
bolus administration has been used in almost all published studies
on propofol sedation efficacy during endoscopic examinations/
treatments in comparison with other drugs (e. g., midazolam). In
endoscopy, it is therefore currently the best-documented and
most common mode of administration.

2.2.1.2.2 Continuous Propofol Administration Using
Infusion Pump Systems

Also, for this mode of administration, a bolus of propofol adjusted
to body weight and, if necessary, age and co-morbidity is given to
induce sedation (if necessary, in combination with other drugs).
Sedation is then (usually) maintained by weight-adjusted continu-
ous propofol infusion. Dosing is performed according to the de-
sired sedation depth and the patient’s individual risk profile.
Most systems allow additional propofol boli as needed. Special in-
fusion pump systems for anesthesia automatically calculate the
maintenance dose of propofol (1% or 2 % solution) required for a
specified sedation depth once various patient parameters have
been entered (e. g., weight, height, and age).

Perfusor administration of propofol has been extensively docu-
mented in anesthesia and is considered the standard of care for
total intravenous anesthesia. However, only a little of the pub-
lished data are available for its use in endoscopy. In a randomized
comparison between perfusor application and intermittent bolus
administration in interventional endoscopy, no relevant difference
was found for sedation efficacy or side effects [113]. However, the
authors explicitly emphasized the need for a specialist to adjust
the infusion rate of the pump. A study in patients older than
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80 years demonstrated that continuous propofol administration
tended to cause desaturation in geriatric patients, even though
the overall complication rate was not higher in comparison to
younger patients [114].

2.2.1.2.3 Non-Anesthesiologist-Administered Propofol
Sedation (NAPS)

This type of propofol administration is either termed nurse-admi-
nistered propofol sedation (NAPS) or, as a more general term,
non-anesthesiologist-administered propofol sedation (see sub-
heading above).

In a comparison of mild sedation administered by the endosco-
pist and deep sedation administered by the anesthesiologist, pa-
tients preferred the milder sedation and were more willing to re-
peat this procedure in the future. Again, fewer complications were
noted with milder sedation [64].

A study of patients with obstructive sleep apnea compared
NAPS to standard sedation with sedatives and opioids and showed
that the duration of the procedure was shorter in the NAPS group,
whereas the complication rate was similar between both groups
[115]. Because of the favorable safety profile of propofol, the
American endoscopist Douglas Rex postulated that propofol may
be administered by gastroenterologists or gastroenterological
nurses [116]. In an analysis (retrospective case series and meta-a-
nalysis) of more than 200000 cases, transient mask ventilation
became necessary in only 213 cases. Endotracheal intubation
was not needed in any patient and all patients recovered without
neurologic deficits. However, due to the methodological weak-
nesses of this study (retrospective analysis), these results are of
limited value. Other potential morbidity parameters were not an-
alyzed.

In another large epidemiological investigation of 27 000 pa-
tients, oxygen desaturations occurred in 2.3 % of cases. In patients
older than 70 years of age, oxygen desaturations were documen-
ted in 5.5 % of patients. In most cases, other parameters, such as
hemodynamics, were not analyzed [117]. Detailed data on post-
procedural morbidity do not exist.

A sedation task force of the American Association for the Study
of Liver Disease (AASLD), the American College of Gastroenterol-
ogy (ACG), the American Gastroenterological Association (AGA),
and the American Society of Gastroenterological Endoscopy
(ASGE) took the position that NAPS has a safety profile compar-
able to standard sedation. However, insufficient experience with
NAPS precludes firm conclusions regarding its application during
EUS or ERCP [118]. In 2005, the AGA sent a petition to the Food
and Drug Administration (FDA) to extend the privileges of propo-
fol administration by anesthesiologists to also include non-anes-
thesiologists. However, this petition was finally denied in 2010
[119].

In 2010, a recommendation on sedation with propofol by non-
anesthesiologists was published by three European professional
societies, the European Society of Gastrointestinal Endoscopy
(ESGE), the European Society of Gastroenterology and Endoscopy
Nurses and Associates (ESGENA), and the European Society of An-
esthesiology (ESA). Following internal discussions, support for this
recommendation was withdrawn in 2015 by the ESA [120]. An up-

dated version was published in 2015 by the ESGE and the ESGENA
[33]. The current recommendations state that for most endo-
scopic procedures, sedation with propofol by non-anesthesiologic
personnel versus traditional sedation (with comparable side ef-
fects) provides better sedation, more patient cooperation, higher
patient satisfaction, shorter time to sedation, shortened postpro-
cedural recovery times, and better post-sedation recovery scores.
For advanced endoscopy procedures, NAPS is comparably safe,
but with lower patient and investigator satisfaction. Significant
changes compared to the previous version of the recommenda-
tion were made regarding monitoring. Capnography is recom-
mended in special situations such as high-risk patients, deep se-
dation, and long procedures. Propofol should be administered as
a monotherapy and as an intermittent bolus or via an infusion
pump (including TCI or PCS). Patients with an ASA classification
>3, a Mallampati score 23, or special risks should be sedated by
an anesthesiologist. Recent studies have provided further evi-
dence for the safety of NAPS also for special patient populations
[121-125].

Recommendation 2.4 2022 (unchanged)

We suggest that propofol should be administered as an intermittent
bolus application.

Evidence level 1b, recommendation grade B, consensus

2.2.1.2.4 Patient-Controlled (Analgo-) Sedation (PCS)

Patient-controlled drug administration originated from pain ther-
apy. Today, it is standard in postoperative analgesia. With the help
of programmable infusion pumps, patients can self-administer a
defined dose of a drug intravenously at the press of a button. To
avoid overdoses, a time-delay option is applied for repeat doses (a
so-called lockout mechanism) [126]. One downside to this type of
dosing is that patients often wait for a painful stimulus to admin-
ister the drug. Therefore, often the action of the applied sub-
stance occurs after the stimulus has ended [127]. This results in
milder sedation but also in insufficient analgesia and lower patient
satisfaction [128]. Thus, PCS may be useful for endoscopic exam-
inations with relatively short, tolerable episodes of pain, such as is
frequently the case during colonoscopy (e. g., passage of the sig-
moid colon or splenic flexure). In these cases, administration of
very short-acting drugs via these systems is ideal. A combination
of propofol with short-acting opioids (e. g., alfentanil and remi-
fentanil) is often used [129, 130]. In a randomized study in pa-
tients undergoing ERCP, a combined regimen of propofol and re-
mifentanil led to more cases of respiratory depression and nausea
than the combination of propofol and alfentanil [130]. All the
other studied parameters, such as administered propofol dosages
or patient and endoscopist satisfaction, were the same in both
groups. Patients who received PCS were less deeply sedated than
those who received their sedation from an anesthesiologist [129].

In a randomized study, patient satisfaction was similar with the
use of a PCS system (propofol plus alfentanil) as compared to mid-
azolam and meperidine [131] and also in two additional random-

e668 Wehrmann T, Riphaus A et al. Updated S3 Guideline... Z Gastroenterol 2023; 61: e654-e705 | © 2023. Thieme. All rights reserved.

This document was downloaded for personal use only. Unauthorized distribution is strictly prohibited.



ized studies as compared to diazepam and meperidine (called
pethidine in Germany) [132, 133]. In two other studies, patient
satisfaction with PCS was even higher than for midazolam alone
[134]. However, in another randomized study, a higher pain score
was reported for PCS than for midazolam [131]. Fewer adverse
events (oxygen desaturation or drop in blood pressure) were
observed with PCS using propofol in comparison to diazepam
[132, 133]. In two of these studies, 97 % and 78 % of the patients
who were sedated using PCS for colonoscopy said, if necessary,
they would be willing to repeat this type of sedation [135, 136].
Younger age, female sex, and lower patient satisfaction were
independent factors for refusal of the PCS procedure. Recently, re-
mifentanil has been the preferred opioid in PCS. A randomized,
double-blind comparison between remifentanil and meperidine
for colonoscopy showed neither a difference in patient or endos-
copist satisfaction nor in terms of procedure duration or discharge
time from the recovery room [137].

In a Swiss PCS study, 35 % of all patients who were approached
refused to take part in the study, either because they wanted
complete unconsciousness or because they did not want to take
responsibility for their own drug administration [127]. However,
among those patients who took part, a significantly lower propo-
fol dose was used during colonoscopy when PCS was employed
compared to intermittent bolus administration by a nurse (NAPS)
[127].

Arecent large single center study showed that PCS can be used
safely in younger and low-risk patients and is associated with few-
er cardio-respiratory adverse events [138]. In patients undergoing
ERCP, PCS was better than sedation with midazolam and compar-
able to sedation by anesthesia staff [139]. A meta-analysis of PCS
for colonoscopy found that PCS was similarly effective compared
to traditional intravenous sedation [140]. However, there were
advantages regarding recovery time, oxygen saturation, and inci-
dence of hypotension.

2.2.1.2.5 Target-Controlled Infusion (TCl)

The target-controlled infusion (TCl) method allows intravenous
administration of propofol (or other drugs) using an infusion
pump. The dose and infusion rate are requlated by a computer
[141]. The computer system calculates the individual pump infu-
sion rate needed to maintain a preset blood drug concentration. It
uses algorithms that take various patient parameters into account
(e.g., age, sex, height, weight, and sedation depth). The infusion
rate is adjusted during sedation after the initial dose required to
reach the desired blood concentration has been calculated.

The potential advantage of the TCl method compared to con-
tinuous infusion (with fixed dose and infusion rate) is the avoid-
ance of drug accumulation (the infusion rate is constantly adjus-
ted). However, the current commercially available infusion pump
systems calculate the dosage based on a pharmacokinetic model,
which allows a deviation of 20 % from the true plasma drug con-
centration [142]. Nevertheless, TCI provides a more gentle initia-
tion and a more exact titration of the sedation depth, as well as a
shorter wake-up period as compared to established bolus injec-
tion and infusions based on kilograms of body weight [143].

In an evaluation of 205 patients who underwent ERCP under
deep sedation (without mechanical ventilation), an open TCI sys-
tem with propofol was used. The initial desired concentration was
4 pg/ml, followed by a maintenance dose in the range of 2-5 pg/
ml. This was maintained during the procedure by an anesthesiolo-
gist. In addition, a bolus administration of fentanyl (50-100 pg
i.v.) was allowed. The endoscopists rated the sedation as excellent
in 201 of 205 cases. Only four cases of hypoxemia (pO, <85 %)
were seen, and one case was observed where ventilation with a
mask became necessary [144].

Colonoscopies were performed in 16 patients using a TCI sys-
tem in which the infusion rate was controlled by EEG (by deter-
mining the bispectral index, BIS). The goal was to reach a median
propofol concentration of 2.3 ug/ml [145]. A BIS level of 80 was
predominantly observed (corresponding to a mild to moderate
sedation depth).

Further studies investigated the combined use of TCl and PCS,
where the patient was able to modify the administration rate of
the TCI pump by pushing a button. Positive sedation effects were
reported during colonoscopy and ERCP. However, the case
numbers were small (n=20-40) [145-148]. In a study by Stonell
et al. [148], which compared the TCI/PCS system to repetitive bo-
lus propofol administration by an anesthesiologist during colonos-
copy (n=40), no significant differences were found in sedation ef-
ficacy or complication rates. However, the total propofol dose
tended to be lower in the TCI group than in the bolus group (233
vs. 288 mg, P=0.05).

A randomized, controlled, double-blind study on the use of TCI
for gastroscopy and colonoscopy demonstrated very high patient
and examiner satisfaction with TCI compared with standard seda-
tion with fentanyl and midazolam [149]. A total of 94.3 % of pa-
tients reported wanting TCI sedation again for a future examina-
tion, compared to only 71.4 % of patients who received traditional
sedation. Depending on the level of the target effect-site concen-
tration chosen, dysphagia occurs under sedation [150]. It is more
predictable under TCI because of the calculated concentrations
than under non-concentration-controlled sedation. Measurement
of BIS used in addition to TCI may help to adjust target concentra-
tion [151]. A study of anesthesia personnel in training showed
that sedation quality and safety improved when TCl was used
compared with manually administered sedation [152]. Further re-
cent studies in different patient populations also support the safe
use of TCI [153-157].

2.2.1.2.6 Computer-Assisted Personalized Sedation (CAPS)

The computer-assisted personalized sedation (CAPS) method ex-
tends TCl propofol dosing by the addition of various monitoring
parameters. These include both physiological parameters (heart
rate, blood pressure, O, saturation, and exhaled CO,) and patient
reactions to specific verbal (via headphones) and tactile stimuli
(via a vibration mouse). Thus, sedation is implemented and mon-
itored entirely by computer. A commercially available system
from Ethicon only allows the regulation of moderate sedation
depths; deep sedation and anesthesia are not yet provided. The
system has been available in the United States since 2013 for pa-
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tients with an ASA-risk classification of | or II. It is also licensed in
Canada and received CE certification in Europe in 2010 [158].

In an initial two-center evaluation in the US and Belgium, an
adequate sedation effect without complications was observed in
96 patients undergoing gastroscopy or colonoscopy. Following
an initial bolus administration of fentanyl (25-100 pg), 20 mg to
350 mg propofol (median 70 mg) were administered via this sys-
tem [159]. The CAPS-group had fewer desaturation events than
patients receiving standard sedation with midazolam and an
opioid [128, 159]. Another system is currently being developed
[128].

In 244 patients undergoing esophagogastroduodenoscopies
or colonoscopies, higher patient and examiner satisfaction was
found with comparable examination success rates and side effects
compared to manual sedation with fentanyl and midazolam [160].
CAPS was also successfully used in 2677 colonoscopies performed
in an outpatient setting. Compared to a historical control, the re-
covery time of the patients was significantly shorter [161]. Similar
findings were obtained in 926 outpatient gastroscopies [162].

Due to a general trend toward deeper sedation, a commercial
CAPS system could not establish itself on the market. It was dis-
continued only 2 years after its introduction. Approval of further
systems is not foreseeable at the present time.

2.2.2 Benzodiazepines

Benzodiazepines induce anxiolysis, amnesia, and sedation. They
have both anticonvulsive and muscle-relaxing effects. Respiratory
depression and hypotension are also observed under benzodiaze-
pines. They act by binding to GABA receptors. Various benzodia-
zepines can have different pharmacologic characteristics (e.g., a
stronger sedating effect or a stronger anxiolytic effect) [163].

2.2.2.1 Diazepam

In the early days, diazepam was the only available sedative for en-
doscopies but is now rarely used in the Western world for these
examinations. This can be attributed to its relatively long half-life
compared to more recent short-acting benzodiazepines such as
midazolam [164-166]. Diazepam has a markedly longer elimina-
tion half-life compared to midazolam (30-100 hours vs. 1.5-
3 hours, respectively). The main side effects of diazepam are re-
spiratory depression [167], coughing, and dyspnea. Phlebitis may
occur at the injection site, especially if water-soluble forms are
used [168]. The usual dose is a single injection of 5-10 mg (see
also dose recommendation in the manufacturer’s product infor-
mation).

2.2.2.2 Midazolam

Midazolam is a short-acting benzodiazepine that for a long time
was the most used sedative for endoscopy [169]. Its sedation po-
tency is 1.5-3.5 times greater than that of diazepam [170]. The
substance is effective after 1-3 minutes and reaches its maximum
effect after 3-4 minutes, although the effect duration is between
15 and 80 minutes [171]. This is dependent on cofactors such as
obesity, advanced age, and liver or kidney disease. It has dose-de-
pendent hypnotic, anxiolytic, amnestic, and anticonvulsive prop-
erties like other benzodiazepines. The main pharmacologic ac-

tions are mediated by the activation of GABA receptors. All
effects that are mediated by GABA receptors can be reversed by
the specific antagonist flumazenil. When given in repeated or
continuous doses, midazolam can have cumulative effects. Mida-
zolam is mainly metabolized via CYP3A4 [172]. The side effect
profile is equivalent to diazepam, but phlebitis occurs less com-
monly [173]. As is also sometimes the case with other benzodia-
zepines, midazolam administration can, in rare cases, lead to
paradoxical reactions characterized by aggressiveness, hostility,
and agitation. This phenomenon has been described in about 5%
of patients receiving midazolam by short-lasting oral administra-
tion [174]. A study by Christe et al. [175] of older patients who
were sedated with midazolam (mean age 84 7 years) for esopha-
gogastroduodenoscopy showed that confusion occurred in 14%
of these patients, even on the next day. Benzodiazepine adminis-
tration is regarded as an independent risk factor for the occur-
rence of delirious states [176].

For gastroscopies, midazolam is usually given as a bolus of 30—
80 pg/kg body weight [84, 85, 175, 177]. For colonoscopies, an
initial bolus between 30 and 50 pg/kg is generally given. Subse-
quently, lower dose boli are given until the desired sedation depth
is reached [134, 177, 178]. The use of lower doses is recommen-
ded for patients older than 60 years [133, 175, 178-180]. Midazo-
lam’s duration of action is dependent on the length of its applica-
tion because it tends to accumulate (context-sensitive half-life).
Midazolam also increases the potency of other sedatives and hyp-
notics [163]. If sedation is the patient’s preference, it is generally
better to administer midazolam before the start of the examina-
tion rather than on an as-needed basis during the procedure
[181, 182]. However, a meta-analysis of the Cochrane Database
on preprocedural administration of midazolam found no clear evi-
dence of beneficial effects [183].

2.2.2.3 Antagonistic Effect of Flumazenil on Midazolam

The effect of midazolam can be inhibited by using the benzodia-
zepine-specific antagonist flumazenil [184, 185]. A study by
Mora et al. [186] showed that flumazenil has a stronger antago-
nistic effect on benzodiazepine-induced sedation and amnesia
than on respiratory depression. Neutralization of the midazolam-
induced respiratory depression occurs 120 seconds after intrave-
nous flumazenil administration [187]. Flumazenil’s half-life is 0.7-
1.3 hours, and the average duration of the antagonizing effect is
1 hour. Patients who initially respond to flumazenil by regaining
consciousness require prolonged monitoring to observe and treat
a possible medication rebound.

In a study by Andrews et al. [188], 50 patients who underwent
gastroscopy with midazolam sedation received either flumazenil
or placebo directly after the examination and again 30 minutes la-
ter. Those who received flumazenil showed markedly improved
memory, psychomotor function, and coordination after only
5 minutes (p<0.001). However, re-evaluation of the same param-
eters 3.5 hours later showed no difference between the two
groups. In contrast, the results of a study by Bartelsman et al.
[189] of 69 patients who received flumazenil or placebo after mid-
azolam administration for EGD demonstrated no re-sedation
within 6 hours.
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Routine administration of flumazenil at the end of an endo-
scopic procedure reduces recovery time [190]. However, so far,
no other benefits have been reported for either the patient or
the endoscopist. Care should also be taken with patients taking
carbamazepine, high doses of tricyclic antidepressants, or those
suffering from chronic benzodiazepine abuse, as seizures or with-
drawal symptoms may occur. Therefore, the routine use of fluma-
zenil cannot be recommended. In patients in whom the use of flu-
mazenil should nevertheless become necessary, an appropriately
longer monitoring period should be observed.

Overall, the use of antagonists such as flumazenil seems to be
rare. In a study period of 5 years, flumazenil and/or naloxone were
used in only 0.03 % of cases. Reasons were a drop in oxygen sa-
turation, respiratory changes, hypotension, and bradycardia.
Compared to a matched control group, antagonists were used
more frequently in the elderly, females, higher ASA class, and
higher Mallampati index [191].

2.2.2.4 Remimazolam

One of the new developments in endoscopic sedation is the ben-
zodiazepine remimazolam, which is currently in the final phase of
approval. Due to the special metabolism of remimazolam, the re-
covery phase is significantly shorter than for midazolam (7.2 min
to 15.7 min) [192]. Remimazolam acts comparably to midazolam
at the GABA receptor. However, unlike midazolam but like remi-
fentanil, it is degraded to inactive metabolites via tissue esterases.
A phase lla dose-finding study demonstrated dose-dependent, ra-
pid, well-controlled, and safe sedation for patients undergoing
gastroscopy [193]. A phase Ill study evaluated the use of remima-
zolam in 461 patients undergoing outpatient colonoscopy. With a
comparable incidence of adverse events, patients receiving remi-
mazolam had a more favorable neuropsychiatric recovery profile
[194]. A protocol for a meta-analysis of existing studies on remi-
mazolam was recently published [195].

2.2.3 Propofol Versus Midazolam

Recommendation 2.5 2022 (unchanged)

Based on the data on action profile and complications, we suggest that
propofol be preferred over midazolam.

Evidence level 2b, recommendation grade B, strong consensus

Data on efficacy and complications suggest that propofol should
be preferred to midazolam during sedation for gastrointestinal
endoscopy. Individual adjustments must be made according to
the patient’s situation and the type of exam, as well as to the per-
sonal, personnel, equipment, and structural requirements men-
tioned in this guideline.

Patients, as well as endoscopists, judge sedation with propofol
as good or better than sedation with midazolam [87, 88, 132, 196,
197]. Therefore, in recent years, propofol has gained importance as
a sedative for gastrointestinal endoscopy. Some have termed this a
paradigm shift in endoscopy, if nothing else, because of explicit re-
quests for propofol sedation by some patients [72].

Randomized studies suggest that propofol is preferable for
EGD, colonoscopy, and ERCP [72, 84-91, 197-201]. The advanta-
ges of propofol sedation compared to benzodiazepines are a
shorter time of onset [87], significantly better patient coopera-
tion (especially in interventional endoscopy such as ERCP) [198,
202], and a shorter recovery time [200], including recovery of
psychomotor function [86]. In patients undergoing ESD, a com-
parison of propofol versus midazolam showed markedly better
endoscopist-satisfaction with the exam conditions in the propofol
group [203].

Propofol facilitates the performance of colonoscopy [204], and
moderate sedation (“conscious sedation”) is usually sufficient
[205].

The in-depth analysis shows no influence of propofol on pa-
tient satisfaction for upper Gl-endoscopy [84, 85, 197, 206] but
an advantage for propofol during colonoscopies [86, 87, 196].

A comparative meta-analysis of five publications including
552 patients showed that endoscopist satisfaction was higher for
propofol than for midazolam. Patient satisfaction and transfer
criteria did not differ. However, hypotension occurred more often
under propofol than midazolam [207].

A recently published double-blind study on outpatient colo-
noscopies showed clear advantages of propofol compared to a
midazolam bolus or titrated midazolam regarding examination
duration and induction time, as well as recovery and transfer
time [208].

In a study of 1000 patients who underwent endosonographic
procedures, a complication rate of 0.6 % was noted with propofol
as compared to 1% in historical controls who received midazolam
and meperidine [72]. However, in the propofol group, one case of
aspiration pneumonia occurred and three patients required endo-
tracheal intubation [72]. Endoscopist satisfaction was higher in
the propofol group and examination times were significantly
shorter. Apnea was a frequent complication with potentially se-
vere consequences.

Propofol also has advantages over midazolam for more com-
plex procedures, such as endoscopic submucosal dissection
[209]. Body movements occurred less frequently in patients
sedated with propofol than with midazolam [210]. Apart from
hypotonias, which occurred more frequently under propofol, side
effects were comparable in both groups. A comparative study of
90 patients showed that propofol is also preferable to midazolam
in patients with liver disease (such as liver cirrhosis) [211].

2.2.3.1 Cardiorespiratory Complications

Comparative data on complications from 12 randomized studies
were compiled in a meta-analysis by Qadeer et al. [105] that de-
scribes the relative risk of sedation with propofol compared to ben-
zodiazepines. The use of propofol for colonoscopy was associated
with significantly fewer side effects. For other endoscopic interven-
tions (EGD and ERCP), no significant difference was seen. A more
recent meta-analysis included 20 studies and found higher satisfac-
tion rates with propofol but no increase in complication rates [66].

When propofol is used for ERCP, there is in some cases a signif-
icantly higher risk of arterial hypotension compared to midazo-
lam/meperidine [197-199, 212, 213]. There is also a tendency
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for oxygen saturation to drop below 90 % with propofol sedation,
although this was not statistically significant (> Table 9).

In a risk factor analysis by Wehrmann and Riphaus [214] in
9547 patients who received propofol sedation for interventional
upper endoscopy over a period of 6 years (EGD, n=5374, ERCP,
n=3937, EUS, n=236), 3151 patients had monosedation with
propofol and 6396 patients sedation with a combination of pro-
pofol and midazolam. A total of 135 severe complications was re-
ported (1.4 %), leading to discontinuation of the intervention.
Short-term mask ventilation was necessary in 40 (0.4 %) and en-
dotracheal intubation in 9 patients (0.09 %). Eight patients need-
ed additional observation in the intensive care unit (0.3 %) and
four patients died, three of whom had adverse events that could
have been sedation related (mortality rate 0.03 %). After multi-
variate analysis of the data, emergency interventions and higher
propofol doses were independent risk factors for cardiorespirato-
ry complications [214]. In a comparative study of i.v. propofol
monosedation versus i. v. propofol combined with oral midazolam
in patients undergoing ERCP, fewer episodes of oxygen desatura-
tion, lower propofol doses required, and less anxiety levels of the
patients prior to the procedure were noted in the propofol/mida-
zolam combination group [215].

In a large multicenter study of 177 944 patients in ASA classes |
and Il who underwent esophagogastroduodenoscopies or colo-
noscopies, 64.4% of patients received propofol alone and 22.4%
a combination of propofol and midazolam. Sedation was provided
by endoscopy personnel in 56.5 %. No severe adverse events oc-
curred, and milder adverse events were more common in patients
receiving midazolam and an opioid [216]. In contrast, an analysis
of 73029 procedures recorded 39 life-threatening events, such as
cardiorespiratory arrest or significant hypoxia. Patients in all ASA
classes were included. The authors note that there was an in-
crease in complications, particularly in patients sedated with pro-
pofol. This was mainly attributed to patients with comorbidities,
as well as a tendency toward deeper sedations [217]. However, a
meta-analysis on the incidence of the cardiorespiratory side ef-
fects of propofol found no significant differences compared to
traditional sedatives such as midazolam [218].

2.2.3.2 Amnesia

2.2.3.3 Diazepam Versus Midazolam

Recommendation 2.6 2022 (modified)

If benzodiazepines are to be used for sedation in justified individual
cases, we recommend that midazolam should be preferred over diaze-
pam because of its shorter half-life.

Evidence level 2b, recommendation grade A, consensus

Amnesia following the use of midazolam has been well studied
[219] and has been shown to be significant. If amnesia is not de-
sired, midazolam should not be used. An alternative benzodiaze-
pine is diazepam [165, 166]. The longer half-life of diazepam has
not been reported as a disadvantage compared to midazolam
[166, 170, 220]. However, in some studies, patient comfort was

lower after diazepam than after midazolam. Of all sedation con-
cepts, midazolam has the highest potency of amnesia as a side ef-
fect. Examples of justified use of benzodiazepines can be found in
[107, 215].

2.2.4 Other Drugs as Monotherapeutics
2.2.4.1 Introduction

Other drugs are either sedating/hypnotic or analgesically active

substances that do not fall under the usual substance classes.

These include opioids and ketamine (as monotherapeutics), inha-

lation anesthetics, nonsteroidal anti-inflammatory drugs

(NSAIDs), and neuroleptanalgesics. There are only a few older

studies on these substances, which show, at a moderate level of

evidence, that these drugs are basically suitable for sedation. Eval-
uating the existing literature, the following points stand out:

1. The frequency of adverse events is much higher than for the
usual sedation methods.

2. Some of these methods (such as neuroleptanalgesia) no longer
have a role in modern anesthesia.

3. Scientific evidence is lacking for ketamine; specific side effects
make this drug unsuitable for use as a monosubstance. Only a
few studies with small patient numbers exist on the use of ke-
tamine in combination therapy (e. g., in combination with
midazolam or propofol); they suggest a positive effect. How-
ever, further evaluation in randomized studies with larger pa-
tient numbers is required.

4. Inhalation anesthetics require special equipment, monitoring
procedures, and standards of safety in the workplace. It is im-
possible to adhere to MAC values (maximum allowable con-
centrations) of the substances used because open inhalation
systems are almost always used in endoscopy, and routine
protection of the airways (intubation and airtight laryngeal
mask) is not the usual practice.

5. Based on the current data, there is not enough evidence for the
routine use of NSAIDs for endoscopic interventions.

Recommendation 2.7 2022 (unchanged)

We suggest that opioids, ketamines, inhalation anesthetics, and neuro-
leptics should not be used as monotherapeutics for sedation in endos-

copy.

Evidence level 5, recommendation grade B, strong consensus

2.2.4.2 Opioids as Monotherapeutics
2.2.4.2.1 Fentanyl

2.2.4.2.1.1 General Considerations

Fentanyl is a lipophilic synthetic morphine derivative that is
chemically related to meperidine. It is about 600 times more po-
tent than meperidine and 100 times more potent than morphine.
The effect starts only about 20 seconds after intravenous admin-
istration, as the substance binds to specific opiate receptors in the
brain and spinal cord. The maximum effect is expected after
6 minutes, and the duration of effect is 20-30 minutes. The initial
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dose is usually 50-100 pg. In older patients, the dose should be
reduced. The most common adverse effect is respiratory depres-
sion, which may be expected with a dose of as little as 100 ug (for
adults) because of the strong potency of the drug. In addition,
thoracic rigidity may occur, which can make it more difficult for
the patients to breathe spontaneously or to ventilate the patient,
should this prove necessary. The effects on blood pressure and
heart rate are mild, usually causing a drop in these parameters be-
cause of the central inhibition of the sympathetic nervous system.
Smooth muscle spasms of the bile duct and pancreas and consti-
pation can also occur. Nausea and vomiting under fentanyl are
comparable to other opioids. Although fentanyl is usually used
for general anesthesia (often in combination with other drugs) or
for chronic pain (usually transdermal), there are few studies with
small patient numbers on its use as an analgesic for endoscopy.

Studies that compared the use of fentanyl during EGD and sig-
moidoscopy to unsedated procedures showed better patient ac-
ceptance and tolerance with fentanyl. Cardiorespiratory complica-
tions were not observed [221, 222]. A study comparing fentanyl
and meperidine during endoscopic procedures showed shorter
examination times when fentanyl was used. A more rapid patient
recovery was reached with its use. However, meperidine showed a
better analgesic effect in postprocedural pain scores [223]. In
contrast, in 180 patients who received deeper sedation for an-
algesia, the fentanyl group showed a better postprocedural pain
score than remifentanil [224].

2.2.4.2.2 Remifentanil

2.2.4.2.2.1 General Considerations

Data on the routine use of remifentanil, a highly potent synthe-
tically synthesized opioid with an extremely short half-life (2-
3 min), are scarce. Remifentanil is predominantly used in combina-
tion with midazolam or propofol to reduce the dose applied. Within
a few minutes after intravenous injection, remifentanil is hydrolyti-
cally cleaved in blood and tissue by nonspecific esterases, regard-
less of liver and kidney function. There is no accumulation even
after prolonged continuous use [225]. As with other opioids, the
use of remifentanil can lead to respiratory depression. Muscle rigid-
ity, especially of the respiratory muscles, is also observed. These
side effects occur primarily with bolus administrations. Therefore,
the substance should be applied only as a continuous infusion in
spontaneously breathing patients. Use is restricted to a site that is
fully equipped to monitor and support respiratory and cardiovascu-
lar functions (according to the product information).

In a randomized study by Akcaboy et al. [226], 100 patients re-
ceived a continuous infusion of remifentanil (bolus 0.5 pg/kg,
then 0.05 pg/kg per minute continuously) or propofol (bolus
0.5 mg/kg, followed by 50 pg/kg per minute) for colonoscopy.
After bolus administration, the duration of the examination was
longer, and the oxygen saturation was lower after remifentanil
than after propofol. Although the recovery time was shorter for
remifentanil, the time to hospital discharge was comparable. Nau-
sea and vomiting were observed much more frequently in the re-
mifentanil group. Fanti et al. performed a randomized, double-
blind comparison of remifentanil and meperidine for sedation
during colonoscopy. After an initial bolus, remifentanil was admi-

nistered by patient-controlled application. Patients in the meper-
idine group received a bolus and a pump with normal saline for
self-administration. Satisfaction scores of patients and endosco-
pists were similar in both groups. In addition, no differences
were observed regarding procedure duration and the required
times for discharge of the patients from the recovery area [137].
In another study, remifentanil was compared to a combination of
midazolam and meperidine for colonoscopies. It showed a more
rapid recovery and better hemodynamic stability of patients re-
ceiving remifentanil as compared to the control group [227].

Comparing remifentanil alone and pethidine with midazolam
in colonoscopies, similar adverse event frequency was found with
shorter recovery time and better intraprocedural communication
with patients [228]. Another study also found adequate analgesia,
faster recovery, and greater investigator satisfaction with remifen-
tanil alone compared with remifentanil and midazolam, as well as
pethidine and midazolam [229].

Using the up-and-down method, a pharmacokinetic model for
dosing remifentanil with propofol was designed [230]. With the
goal of suppressing gag reflexes upon insertion of the endoscope
into the pharynxin 50 % to 90 % of cases, a target concentration of
1ng/ml (equivalent to approximately 0.05 mg*kg™"*min~" with-
out TCl) for remifentanil combined with a propofol bolus of
1mg/kg or a target concentration of 2 ng/ml (equivalent to ap-
proximately 0.1 mg*kg="*min-" without TCl) for remifentanil
combined with a propofol bolus of 0.75 mg/kg was found. Remi-
fentanil target concentrations are reached approximately 5 min-
utes after the start of the infusion [230].

The very good controllability, as well as the fast recovery times
under remifentanil, make these substances a promising analgesic
in combination with a well-controllable sedative in gastrointesti-
nal endoscopic procedures.

2.2.4.2.3 Sufentanil

Sufentanil has a spectrum of activity favorable for analgo-sedation
with potent analgesia and less respiratory depression compared
with other opioids [231]. Greater hemodynamic stability and a
shorter context-sensitive half-life have been described compared
to the other opioids [232]. Sufentanil appears superior to fentanyl
as an analgesic for procedural sedation because of lower risk of ac-
cumulation, greater therapeutic range, and spectrum of action.
Due to its stronger sedative properties, sufentanil can be used in
combination with sedatives and as a monotherapeutic. Compared
with the partial opioid agonist nalbuphine, sufentanil produces
equally good analgesia in colonoscopy patients [233]. However,
respiratory depression occurred more frequently. Overall, the
data on sufentanil for procedural sedation are still too limited to
make an assessment.

2.2.4.3 Ketamines as Monotherapeutics

2.2.4.3.1 General Considerations

Ketamine is an intravenously or intramuscularly injectable general
anesthetic with strong analgesic effects. It is mainly used as a
“monoanesthetic” for short diagnostic and therapeutic interven-
tions in children and for special situations in adults. After intrave-
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nous bolus administration, ketamine has a rapid onset of action
(<1 min) and an effect duration of about 10-15 minutes [234]. It
causes a so-called dissociative anesthesia without cardiorespirato-
ry depression [235]. The analgesic effect starts at sub-hypnotic
doses and lasts longer than its anesthetic effect. The sedative
and hypnotic properties of ketamine, however, are much less pro-
nounced. Muscle tone is maintained or increased under ketamine
anesthesia, so that the protective reflexes are generally not affec-
ted. Because of its sympathoexcitation, ketamine leads to a rise in
blood pressure and heart rate, which in turn cause an increase in
myocardial oxygen consumption and concomitantly increased
coronary perfusion. Myocardial ischemia may occur [236]. Keta-
mine displays a negative inotropic and antiarrhythmic effect on
the heart itself. Moderate hyperventilation is observed after keta-
mine administration. It has a relaxing effect on the bronchial mus-
cles. Contraindications for ketamine use include insufficiently
treated or untreated arterial hypertension (systolic/diastolic blood
pressure above 180/100 mmHg at rest) and patients for whom a
rise in blood pressure would be a substantial risk (e. g., history of
cerebrovascular insult).

Relative contraindications include unstable angina pectoris or
myocardial infarction in the preceding 6 months. Since, in gener-
al, the pharyngeal reflexes are maintained, mechanical irritation
of the pharynx should be avoided when ketamine is employed as
a monoanesthetic. Hallucinations, nightmares, and delirious
states are frequent adverse events (in about 10 %-30 % of cases).
These reactions can be reduced by also giving midazolam [235,
237]. In Germany, in addition to racemic ketamine, the levorota-
tory isomer S+-ketamine is also commercially available. S+-keta-
mine is approximately two times more potent than ketamine and
is said to have fewer side effects [237, 238]. However, the litera-
ture on this subject so far is inconclusive.

For the reasons given above, ketamine is not recommended as
a routine monotherapeutic for endoscopic examinations.

Most studies on the use of ketamine relate to its use in combi-
nation therapies (mainly with midazolam) for endoscopic inter-
ventions in children [239, 240]. It was shown that adequate seda-
tion can be achieved without cardiorespiratory complications.
Although the data on the use of ketamine in adults are limited,
there are some indications that adjunctive use of ketamine (in
combination with midazolam) can be beneficial for certain
patients (all contraindications considered). A double-blind,
placebo-controlled study by Rosing et al. [241] that compared
midazolam/placebo with midazolam/ketamine for colonoscopy in
129 patients showed that patients receiving the combination
therapy needed fewer repeat injections (40 % vs. 27 %), had better
sedation and analgesia, and were more willing to agree to under-
go another similar procedure. A randomized study by Ong et al.
[242], which compared ketamine combination sedation (keta-
mine plus midazolam, pentazocine, and propofol) with propofol
monosedation for ERCP, demonstrated, especially in younger pa-
tients, a better patient tolerance of the combination sedation.
However, patient satisfaction was similar in both groups. In addi-
tion, hypoxia occurred more frequently when the combination
therapy was used.

A recent study in colonoscopy patients showed better hemo-
dynamic stability and fewer respiratory complications in the keta-

mine/propofol group than the propofol group with similar patient
and endoscopist satisfaction [243]. Further studies also demon-
strated advantages of a combination of ketamines with other
sedatives/analgesics [244-246].

2.2.4.3.2 Etomidate

In recent years, the use of etomidate for sedation during endo-
scopic procedures has been increasingly studied. Like propofol and
the benzodiazepines, the imidazole derivative etomidate is an ago-
nist at the GABA receptor. It has a short onset and half-life compar-
able to propofol. Hypotension is less pronounced after bolus injec-
tion than after propofol [247]. Due to suppression of the adrenal
cortex via inhibition of 118-hydroxylase with a drop in serum corti-
sol, etomidate is unsuitable for prolonged sedation without ade-
quate cortisol substitution. Clinically relevant inhibition of cortisol
synthesis may also occur after bolus administration of etomidate
(e.g., for intubation) especially in patients with comorbidities. For
this reason, the administration of etomidate should be critically
considered in the context of sedation for endoscopy [248-251].

A meta-analysis comparing sedation with propofol and etomi-
date found no differences in sedative effects, cardiovascular side ef-
fects, and recovery time [252]. In contrast to propofol, etomidate
caused fewer respiratory complications and injection pain, but pa-
tients had more frequent myoclonias. In a study comparing etomi-
date with midazolam, myoclonias were observed in 12.1% of pa-
tients [253]. Patient satisfaction was higher with midazolam. Better
hemodynamic stability was observed with a combination of etomi-
date and midazolam than with propofol and midazolam [253].

Due to the still relatively poor data situation and the potential
side effects such as myoclonia and suppression of the adrenal cor-
tex, especially in patients with comorbidities, no recommendation
for etomidate in gastrointestinal endoscopy can be made at present.

2.2.4.3.3 Dexmedetomidine

Dexmedetomidine is a specific a2-adrenoceptor agonist charac-
terized by sedative and low analgesic properties. Unlike other se-
datives/hypnotics, dexmedetomidine does not cause respiratory
depression. The substance has been approved in Germany since
2011 for sedation of adult patients in the intensive care unit up
to a sedation level of RASS -3. Since the publication of the pre-
vious version of this guideline, it has also been approved for the
sedation of adult, non-intubated patients before and/or during
diagnostic or surgical procedures (source: product information
preparation Dexdor, as of January 2020).

When rapidly administered intravenously, a2 agonists such as
dexmedetomidine exhibit a typical hemodynamic profile. Initially,
there is an increase in blood pressure followed by a mild hypotensive
phase [254]. Therefore, because of the pronounced hemodynamic
effects, dexmedetomidine should not be administered as a rapid in-
travenous infusion or even as a bolus [255]. Alpha 2 agonists should
not be used in patients with bradycardic arrhythmias or in patients
who are dependent on adequate mean pressure [256]. In case of
volume deficiency, pronounced hypotensive phases may occur. Ac-
cordingly, the volume status should be assessed and compensated
before administration of a2 agonists. The drug should only be admi-
nistered by experienced users, and continuous monitoring must be
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ensured. The dose should be adjusted in patients with hepatic and/
or renal function limitations and in elderly patients.

Since the publication of the last version of this guideline, the
number of studies on the use of dexmedetomidine for sedation
during endoscopic procedures has multiplied [257]. In 2015, a
meta-analysis of nine studies comparing dexmedetomidine with
midazolam was published by Nishizawa et al. [257]. Dexmedeto-
midine achieved deeper sedation on the Ramsay scale and there-
fore appears particularly suitable for ERCP and ESD. No differences
were found with respect to cardiovascular parameters. It was
speculated by the authors that the use of butylscopolamine under
dexmedetomidine masks increased bradycardias [257]. There
were no differences between dexmedetomidine and midazolam
in terms of recovery time. In a meta-analysis of six studies by
Zhang et al., dexmedetomidine had fewer side effects (especially
respiratory depression) with better sedation quality [258]. A
meta-analysis of six studies comparing dexmedetomidine with
propofol was published by Nishizawa’s group in 2017 [259]. Dex-
medetomidine resulted in more bradycardia with otherwise com-
parable frequencies of adverse events. Patient satisfaction was
significantly better with propofol sedation. No differences were
found in recovery time.

Recommendation 2.8 2022 (new)

The use of dexmedetomidine may be considered for endoscopic proce-
dures.

Evidence level 1b, recommendation grade 0, strong consensus

2.2.4.4 Inhalation Anesthetics as Monotherapeutics

2.2.4.4.1 Nitrous Oxide (Laughing Gas)

Recommendation 2.9 2022 (modified)

Nitrous oxide (laughing gas) may be considered for analgesia and seda-
tion during colonoscopy only if the structural requirements are met.

Evidence level 1b, recommendation grade 0, strong consensus

2.2.4.4.1.1 General Considerations

Nitrous oxide (N,0), the so-called “laughing gas”, is a stable,
slow-reacting, colorless, and odorless gas. It has strongly analge-
sic and mildly narcotic properties. Nitrous oxide has a rapid onset
of action and a short recovery time. Mixed with oxygen, it is nor-
mally used to initiate or maintain anesthesia. In Germany, a fixed
mixture of 50 % nitrous oxide and 50 % oxygen has been commer-
cially available since 2008 (Livopan; in Great Britain available as
Entonox since 1965, in other countries available as Emono or Meo-
pa). Nitrous oxide is a gas at room temperature and must only be
applied using suitable inhalation and anesthesia equipment. It has
a mild sedative and a strong analgesic effect. Although normally,
the circulation is only slightly affected, a drop in blood pressure,
decreased stroke volume, and increased pulmonary vascular re-
sistance may occur. Possible adverse side effects are nausea and

vomiting. The occurrence of euphoria, dreams, and fantasies has
been described. The methionine, folic acid, and vitamin B12 me-
tabolisms can be affected [260]. If the dose is too high, hypoxia,
circulatory depression, agitation, or somnolence and even uncon-
sciousness may occur. Occupational safety measures must be en-
forced. In addition, its oxidizing capacity must be considered (see
statement of the BDA and the German Society for Anesthesiology
and Intensive Care Medicine; DGAI) [261].

In a meta-analysis of 11 studies including 623 patients who
had a sigmoidoscopy or colonoscopy, nitrous oxide was compared
to procedures that avoided the use of an analgesic [262]. There
were no differences with regards to pain during exams that avoid-
ed analgesics but also no differences regarding colonoscopies
with intravenous sedation. The use of nitrous oxide led to a more
rapid discharge, as compared to intravenous sedation. A Cochrane
meta-analysis analyzed the use of nitrous oxide during colonosco-
py [263]. A total of 16 studies with 547 patients were included.
Four studies showed that nitrous oxide has similar analgesic
effects as conventional sedation. One study showed superiority
of conventional sedation, and one study showed an advantage of
nitrous oxide. Two studies showed a more rapid recovery of the
patients with nitrous oxide, and one showed no difference. Finally,
two studies showed improved safety with the use of nitrous oxide,
whereas one study showed improved safety with sedation [263].
The authors concluded that nitrous oxide appears to have the
same efficacy as conventional sedation for colonoscopy and a bet-
ter safety profile, but that more data are required. In one recent
study, it was found that nitrous oxide leads to more rapid
recovery, as well as better pain control and patient satisfaction.
However, in another study, no difference was observed between
nitrous oxide and i.v. sedation when both were applied on
demand [264, 265]. Few new studies indicate that nitrous oxide’s
sedation quality is comparable to an i. v. sedation [266-268].

The data situation still appears to be too weak to allow a clear
assessment of the significance of nitrous oxide for the perform-
ance of endoscopy. It should be noted, however, that occupation-
al safety regulations must be observed when using nitrous oxide.

2.3 Combination Therapies

2.3.1 General Considerations

Combination therapies are usually comprised of a sedative and an
analgesic or a combination of different sedatives. As a general
principle, opioids and sedatives mutually potentiate their action,
leading to an increased risk of possible side effects [269-271]. By
combining different substances, dose reductions can lead to more
rapid recovery after the procedure [87, 196, 272, 273]. Although
combination therapy causes hypotension and oxygen desatura-
tion more frequently than monotherapies [274-276], the occur-
rence of accidental overdosing is reduced [112, 116] (see also
section 2.3.3). In recent years, combinations of sedatives with
i.v.-applied lidocaine have also been described [277-280].
Because of the synergistic effects of propofol, midazolam, and
opioids, the dosage of propofol can generally be reduced when
combining these substances (mainly shown in studies of general
anesthesia), and side effects can therefore be reduced [281,
282]. In addition, the combination appears to provide improved

Wehrmann T, Riphaus A et al. Updated S3 Guideline... Z Gastroenterol 2023; 61: e654-e705 | © 2023. Thieme. All rights reserved. eb75

This document was downloaded for personal use only. Unauthorized distribution is strictly prohibited.



# Thieme

safety in achieving moderate sedation rather than deep sedation
[201, 281, 283, 284]. In elderly patients with comorbidities, the
combination of midazolam and propofol leads to a shorter recov-
ery time and better patient satisfaction than midazolam mono-
therapy [285]. These results are confirmed by a meta-analysis
from 2010 that showed more occurrences of deep sedation with
propofol monotherapy as compared to benzodiazepine mono-
therapy. However, propofol in combination with other substances
showed no difference in sedation level as compared to benzodia-
zepines alone [66]. Anesthesiologists voice concerns of overdos-
ing with the use of combination therapies [286].

Both midazolam and propofol are sedatives/hypnotics, which
primarily act by binding to GABA receptors. For this reason, they
have additive effects. The dosages of propofol and midazolam can
be reduced when used in combination. However, their effect on
GABA receptors remains similar. Propofol and midazolam have sy-
nergistic effects, at least regarding cardiorespiratory function.
These can lead to corresponding hemodynamic changes. Midazo-
lam has a longer half-life and a longer duration of action than pro-
pofol. Therefore, a prolonged recovery time must be expected as
compared to propofol monotherapy. Increasingly, propofol, mid-
azolam, and/or ketamine are also combined with dexmedetomi-
dine [246, 287-293]. The different mechanisms of action, lower
respiratory depression, and an effect enhancement by dexmede-
tomidine can be exploited.

2.3.2 Specific Combinations

2.3.2.1 Combination of Benzodiazepine Plus Opioids

A study by Milligan et al. [272], comparing a combination of alfen-
tanil/midazolam with midazolam alone for upper endoscopy,
showed an improvement in examination conditions for the endos-
copist, increased patient acceptance, and a shorter recovery time.
Another randomized, double-blind study by Radaelli et al. [294],
which compared midazolam to midazolam/meperidine for colo-
noscopy in 253 patients, reported significantly less pain and a
higher rate of willingness to repeat the intervention under combi-
nation therapy. The recovery time and the fall in oxygen satura-
tion were comparable in both groups. A study comparing midazo-
lam alone to a combination of midazolam and meperidine in
74 patients showed no difference in the quality of analgesia, re-
covery time, or procedure time [295]. The combination of mida-
zolam and fentanyl, however, had a similar analgesic effect but a
shorter recovery time than midazolam plus meperidine [296].

2.3.2.2 Combination of Propofol Plus Opioids

In a randomized, controlled study by Van Natta et al. [106],
200 patients undergoing colonoscopy were given propofol alone
to reach deep sedation or a combination treatment with propofol/
fentanyl, propofol/midazolam, or propofol/midazolam/fentanyl to
reach moderate sedation. Recovery time, patient satisfaction, and
vital signs were compared. Patients with propofol sedation alone
needed significantly higher doses and showed deeper sedation
stages than those given the other combination treatments
(P <0.001). The time to discharge was significantly shorter after
the combination treatments than after propofol alone (median

13.0-14.7 min versus 18.1 min, P<0.01). A large study of 222 pa-
tients undergoing complex endoscopic procedures demonstrated
no difference in vital signs between the study groups, and there
was no significant difference in patient satisfaction [297]. The
combination of propofol and opioid showed no difference in safe-
ty between propofol and standard sedation. In addition, Lee’s
study showed that the use of propofol was associated with signif-
icantly increased patient satisfaction.

2.3.2.3 Combination of Sedative Plus Propofol

A total of 64 patients underwent two long (>30 min) consecutive
endoscopic examinations and initially received propofol and then
a combination of midazolam and propofol. The advantage of
combined sedation was that a significantly lower dose of propofol
(-59 %) was required. However, the postinterventional recovery
time was twice as long for the combination regimen (4 vs. 8 min)
[298]. Furthermore, it was demonstrated in 239 consecutive
patients undergoing therapeutic endoscopy (EGD and endoscopic
ultrasonography) that the combination of propofol and
midazolam led to a lower dose of propofol compared to
monotherapy (0.20 +0.09 mg/min per kilogram body weight vs.
0.25+0.13 mg/min per kilogram, respectively, P <0.01) with
otherwise comparable efficacy [273]. However, the combination
regimen was also associated with a longer recovery time
(258 min vs. 19+ 7 min, respectively, P <0.05). Another study
showed a similar effect of dose reduction and a shorter postinter-
ventional recovery time with the use of a combination of propofol
with midazolam as compared to propofol monotherapy (13.0-
14.7 versus 18.1 min, P <0.01, respectively) [106].

Recommendation 2.10 2022 (unchanged)

We suggest that a combination of propofol and midazolam should not
be used.

Evidence level 1b, recommendation grade B, consensus

2.3.2.4 Combination of Sedatives Plus Spasmolytics

A prospective, double-blind, placebo-controlled study by Mui
et al. [299] investigated the use of the spasmolytic hyoscine N-bu-
tylbromide (Buscopan) for sedation in patient-controlled sedation
with propofol/alfentanil for colonoscopy. The study demonstrated
a longer cecal intubation time, significantly lower endoscopist sa-
tisfaction, a significantly higher dose of sedative/analgesic, and
significant hemodynamic instability.

The combination of spasmolytics with sedatives increases the
rate of cardiovascular side effects and reduces both patient satis-
faction and the endoscopist’s evaluation of the examination. The
use of spasmolytics in sedation for endoscopy should therefore be
carefully considered. Since the focus of this guideline is sedation
and not spasmolysis, no firm recommendation is given.
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2.3.3 Side Effects of Combination Therapies

2.3.3.1 General Considerations

Even if the recommended dose reduction for combination ther-
apy is followed, respiratory function is compromised more fre-
quently than under monotherapy [274-276]. Based on the exist-
ing studies, it cannot be stated whether life-threatening situations
occur more often under combination therapy.

In a randomized, double-blind, placebo-controlled study, 71 pa-
tients were sedated with diazepam or a combination of diazepam
plus meperidine. Patient satisfaction was similar in both groups,
but the endoscopists preferred the combination therapy because
of better patient tolerance. However, with combination therapy,
oxygen saturation dropped twice as often as with diazepam mono-
therapy (P=0.008) [276]. Another study randomized 35 patients to
either a combination of alfentanil/midazolam or midazolam alone
[274]. Again, a fall in oxygen saturation resulting in a need for oxy-
gen administration was more common with the combination treat-
ment. Patient tolerance, patient satisfaction, recovery time, and
blood pressure were comparable in both groups.

A randomized, double-blind study investigated the addition of
remifentanil to sedation with propofol in 50 relatively healthy pa-
tients (ASA grades | and 1) undergoing colonoscopy. Blood pres-
sure and oxygen saturation dropped significantly more often in
the remifentanil/propofol group. Although the addition of remi-
fentanil allowed for a propofol dose reduction, recovery time was
significantly shorter (P <0.01) and patient satisfaction significant-
ly higher (P <0.01) with propofol monotherapy [275].

2.4 Influence of Comorbidities

2.4.1 General Considerations

A higher ASA classification is assigned to patients according to the
severity of their comorbidities. Patients with comorbidities have a
higher rate of adverse events compared with healthy subjects [92,
300, 301]. Older patients and patients with pre-existing coronary
or pulmonary diseases are at higher risk of complications during
endoscopy with sedation [92, 302, 303]. Hepatobiliary diseases
(in which drug elimination is reduced) or age-related slower me-
tabolism can also potentiate side effects [172, 304, 305].

A multiplicity of physiological processes contribute to in-
creased sensitivity toward the various drugs, leading to a corre-
spondingly increased sedation risk [306]. Age-related diseases
and rapid or excessive doses contribute more strongly to cardiore-
spiratory complications than age per se [306].

2.4.2 High-Risk Patients

Recommendation 2.11 2022 (unchanged)

Patients with a higher ASA grade and/or older patients are at higher risk
of sedation-related side effects (cardio-respiratory depression). We
suggest that the dose of the sedative/analgesic used should be adjus-
ted/reduced accordingly.

Evidence level 2b, recommendation grade B, strong consensus

2.4.3 Substance Type

In accordance with the modified recommendations of the Ameri-
can Society of Gastroenterology for elderly patients undergoing
gastrointestinal endoscopy [307], fewer substances should be ad-
ministered more slowly and at a lower cumulative dose [307,
308]. In many cases, midazolam and/or opioids are used to sedate
elderly patients. Since there is an increased risk of hypoxemia with
the use of benzodiazepines in elderly patients, patients with obe-
sity, and anemic patients, a reduction in dose seems advisable
[309]. Postintervention hypoxemia risk is also increased, especial-
ly in elderly patients [213].

Since propofol has a limited therapeutic range, it can lead to
more cardiorespiratory complications in older high-risk patients
than in younger patients [92, 310]. Low initial doses of propofol
(in general half the recommended dose for adults), slow, gradual
titration, and careful monitoring are recommended for sedation
of older patients [311-313]. If special care is taken in sedating el-
derly patients, it has been shown that propofol can be safely used
in this patient group [213, 310, 313]. In a study of elderly patients
receiving propofol for endoscopic examination, it was shown that
patients over 70 years of age required lower doses of propofol
than patients under 70 years of age. The incidence of major and
minor complications was the same in both patient groups [313].
Based on 27 000 patients, it was demonstrated that under seda-
tion with propofol, there was a drop in oxygen saturation in 2.3 %
of patients, even though 2L of oxygen were administered during
the procedure. In elderly patients over 70 years of age, it was even
more than 5% [117]. In these patients, hemodynamic parameters
were only recorded in a few cases, so it can only be guessed
whether further complications would occur. There was also no
monitoring of ventilation, so hypoventilation and hypercapnia
can also only be speculated on. Continuous administration of pro-
pofol in patients over 80 years of age led to a clear tendency of
increased decreases in oxygen saturation, even though there
were not more complications overall compared to younger pa-
tients [114]. A cohort study by Vargo et al. [300] analyzed risk fac-
tors for cardiopulmonary events during propofol sedation for up-
per and lower endoscopy. The overall risk of a cardiopulmonary
event during 528 gastroscopies and 1683 colonoscopies was
11.7 per 1000 cases. A higher risk was found in patients with an
increasing ASA grade who were undergoing colonoscopy.

In a randomized study by Riphaus et al. [314], 60 patients with
known liver cirrhosis and portal hypertension were sedated with
either propofol or midazolam. Before and 2 hours after the exam-
ination, all patients took a number connection test (ZVT-A) and a
portosystemic encephalopathy syndrome test (PSE). Twenty pa-
tients without liver cirrhosis who did not undergo gastroscopy
were the control group. Recovery time and the recovery score
were also determined. Compared to sedation with midazolam, pa-
tients sedated with propofol had a significantly shorter recovery
time (18.4+6.7 min vs. 7.8 2.9 min, respectively). Propofol also
affected the PSE score less than midazolam, the use of which led
to transient exacerbation of the existing subclinical hepatic ence-
phalopathy. Hence, sedation with propofol tends not to cause ex-
acerbation of subclinical hepatic encephalopathy in patients with
liver cirrhosis and is therefore an alternative sedative for use in
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these patients. Likewise, another study compared a combination
of propofol with midazolam or fentanyl in patients undergoing
upper gastrointestinal endoscopy and found propofol-based seda-
tion to be more effective with a more rapid recovery as compared
to midazolam [315]. Because of its shorter duration of action, bet-
ter controllability, and fewer complications regarding hepatic en-
cephalopathy in cirrhotic patients, propofol should be preferred
over benzodiazepines and/or opioids in such cases [314-318].

Recommendation 2.12 2022 (unchanged)

We recommend that propofol should be used for sedation of patients
with hepatic encephalopathy. Benzodiazepines should not be used in
patients with hepatic encephalopathy.

Evidence level 1b, recommendation grade A, strong consensus

2.4.4 Obesity

Data on the effect of obesity on sedation for endoscopy are still
limited. Morbid obesity can result in several comorbidities such
as obstructive sleep apnea, restrictive lung disease, and pulmo-
nary hypertension. Diseases of the lung or upper airways increase
the risk of complications during sedation. In a study in obese pa-
tients who received propofol sedation for upper gastrointestinal
endoscopy, 2 of 69 patients had to be treated for hypoxemia
[319]. In another study, a multivariate analysis of 799 patients
identified a direct association between BMI and sedation prob-
lems in patients who were sedated with propofol [320]. An analy-
sis of 799 patients identified BMI and higher ASA classification as
predictors for respiratory and cardiac complications [321]. A mul-
tivariate analysis identified ASA class Il or greater and an elevated
BMI as independent risk factors for mechanical, respiratory sup-
port [322].

2.4.5 Elderly Patients

As in obese patients, data on sedation for endoscopy in geriatric
patients is sparse. Generally, aging leads to a reduction in organ
function. Impaired hepatic or renal function are of particular im-
portance for the metabolization and elimination of sedatives and
analgesics [323]. In addition, as a result of existing comorbidities,
polypharmacy is common in the elderly. This can lead to drug in-
teractions with the substances used for sedation. One study
showed that patients older than 70 years required less propofol
than those younger than 70 years [313]. In patients older than
90 years of age, only minimal doses of propofol are required to
reach adequate examination conditions [324]. Furthermore, pa-
tients older than 80 years have a higher risk of oxygen desatura-
tion [114]. A study in more than 10 000 patients showed a general
increase in the rate of complications with age [325]. A German
study of patients older than 80 years showed only a slightly in-
creased risk when mild sedation was used [213]. Required doses
for adequate sedation were 10-20% lower in high-risk patients
than in those with an ASA classification of | and Il [310]. Meticu-
lous monitoring is therefore required in high-risk, elderly patients.
Also, several recent studies showed that sedation can be safely

performed in the elderly if careful attention is paid to sedative/an-
algesic dosing and adequate monitoring [156, 326-330]. Post-
procedural pneumonias can occur more often in sedated patients
[27].

Recommendation 2.13 2022 (unchanged)

Propofol may be considered for sedation in elderly patients.

Evidence level 1b, recommendation grade 0, strong consensus

2.4.6 Comorbidities

An increased risk can also be found in younger patients with co-
morbidities who undergo sedation. As a result, higher ASA classi-
fication appears to predict more frequent complications [322,
331-334]. A study of propofol sedation for endosonography in-
cluded patients of all ASA classes. It found no correlation between
ASA class and risk of complications. However, sedation was per-
formed by an anesthesiologist [72]. It should be considered that
patients with multiple comorbidities and high-risk patients have
special staffing requirements (see chapter 3.3).

A meta-analysis on the sedation of patients with liver cirrhosis
showed that propofol has similar side effects and a shorter recov-
ery and discharge time than midazolam (296). Another meta-a-
nalysis came to the same conclusion that the frequency of side ef-
fects under midazolam and propofol is similar [335]. However, the
efficacy of the propofol sedation was significantly better. There-
fore, propofol sedation should be preferred in patients with liver
cirrhosis. Patients undergoing variceal ligation experienced more
frequent desaturations (23.2% vs. 7.7 %), bradycardia (22.5% vs.
17.2%), and hepatic encephalopathy (6.6 % vs. 0.6 %) in the mida-
zolam group compared to patients who were not sedated with
midazolam, respectively [336].

2.4.7 Antagonists

Recommendation 2.14 2022 (modified)

We recommend that specific antagonists for benzodiazepines and
opioids should be immediately available in the endoscopy suite.
Adapted from the ASGE, 2008

Evidence level 5, recommendation grade A, strong consensus

Recommendation 2.15 2022 (unchanged)

Offering music to the patient may be considered to reduce the dose of
the sedative used.

Evidence level 1b, recommendation grade 0, strong consensus

Several studies found a positive effect of music regarding the re-
duction in sedative and analgesic doses. These results were also
confirmed by meta-analyses.
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A recent randomized controlled trial also found the benefit of
music during colonoscopies. In the music group, patients had less
pain, were more satisfied, and the examination was easier to per-
form. In addition, the need for midazolam and pethidine was less
than in the control group [337]. The anxiety level was also favor-
ably influenced by music during endoscopy. In 180 patients, no
difference in anxiety level was found depending on age or type
of examination. However, music significantly reduced anxiety
[338]. In contrast, a study of 307 patients showed that music had
no effect on pain perception during endoscopic procedures [339].

A meta-analysis by Rudin et al. [312] evaluated six randomized
controlled studies with a total of 641 patients. In three studies,
endoscopy was done with music alone. This reduced the patients’
anxiety levels in comparison to the control group by 8.6 %
(P=0.004). In the remaining three studies, patients received mu-
sic in addition to drug therapy (midazolam, meperidine, or propo-
fol/alfentanil). This significantly reduced the need for analgesics
by 29.7 % (P=0.001) and for sedatives by 15% (P=0.055). An-
other meta-analysis of eight studies included a total of 722 pa-
tients undergoing colonoscopy. A reduction in examination time
was found, whereas other parameters, such as pain, blood pres-
sure, and recovery time, were only minimally influenced by music.
However, no unfavorable effects of music were noted, aside from
the acoustic isolation of the patient from the endoscopy person-
nel [340]. A third meta-analysis of eight studies included 712 pa-
tients. No difference was found regarding various endpoints re-
gardless of whether music was used or not. However, overall
satisfaction scores were significantly higher in the music group
[341]. In a recent study of patients undergoing colonoscopy, an
EMG of the facial musculature was used to objectify stress levels.
It was found that patients who listened to music during the proce-
dure had significantly lower stress levels than the control group
[342]. While patient satisfaction showed no differences, endosco-
pists were significantly more satisfied with the course of colonos-
copy.

Overall, the data suggest that music during an endoscopic
procedure may lead to a shorter examination time with possible
reduction in sedative doses. Since the use of music entails little
effort and does not lead to relevant side effects, its use can be
recommended in patients who wish to have it.
Acupuncture[Hypnosis

Although there has been increasing interest in alternative
medicine in recent years, data on the use of acupuncture during
endoscopic procedures are still scarce. While there is evidence of
a reduced need for sedatives/analgesics in patients with acupunc-
ture [342], other results show no effect on sedation [343]. Further
studies must be done before the value of acupuncture for seda-
tion in endoscopic gastrointestinal procedures can be assessed.
The same is true for hypnosis.

3 Guideline - Structure Quality

Since there are currently only limited prospective studies on the
topic of structure quality, almost all recommendations are based
on previous guidelines and recommendations of other profession-
al societies [21, 81, 117, 344-373], as well as the current S2k

guideline, “Quality-Requirements for Gastrointestinal Endoscopy”
(AWMF register no.021-022).

3.1 Personal Requirements

The endoscopic examination and/or treatment and the sedation
procedure are distinct medical procedures. If physicians perform
the diagnostic or therapeutic intervention and, at the same time,
also carry out the sedation, they take full responsibility not only for
the intervention but also for the sedation and/or analgesia. This in-
cludes monitoring and, if required, restoration of vital functions.

Special theoretical and practical knowledge on sedation and/or
analgesia is necessary not just for physicians, but also for support-
ing nurses and other assisting staff. A physician cannot perform
the invasive intervention and at the same time monitor the seda-
tion and/or analgesia procedures.

Therefore, all personnel involved in sedation and monitoring
should be familiar and trained with the sedation technique used,
as well as its monitoring and complication management (see
point 3.3.1).

Whether, in individual cases, physicians performing the sedation
can be substituted by qualified, specially trained, nonphysician per-
sonnel must be decided on a case-by-case basis by physicians who
perform the diagnostic or therapeutic intervention. These physi-
cians take responsibility, and they must perform an on-site assess-
ment with consideration of the structure of the working place, the
patient’s overall condition, and the complexity of the procedure
(also see point 3.3.3.1). The examining physician (endoscopist)
must ensure that such a substituting person is sufficiently qualified
and capable of carrying out their tasks appropriately.

The problem of the organization/transfer of liability is requla-
ted by general legal principles based on civil, criminal, and occu-
pational law. The detailed manufacturer’s product information for
the used drug(s), especially regarding structure quality (e.g.,
equipment and personnel requirements), must be followed.

Recommendation 3.1 2022 (modified)

We recommend that physicians who are responsible for the sedation
should be experienced in intensive care medicine. They should be train-
ed and proficient in the use of sedatives and analgesics. This involves
knowledge, recognition, and treatment of expected side effects includ-
ing cardiopulmonary resuscitation, maintaining upper airway patency,
intubation, and assisted ventilation.

Evidence level 5, recommendation grade A, strong consensus

As in the guidelines of other professional societies [21, 311,
361-372, 374-380], personal prerequisites for carrying out an-
algo-sedation include knowing how to deal with an emergency si-
tuation (including correcting circulation problems) and being pro-
ficient in endotracheal intubation.

This has not changed, even in the new versions of various inter-
national guidelines [373, 381-384].
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3.2 Education and Training Courses

Recommendation 3.2 2022 (modified)

As part of quality assurance, we recommend physicians and nonphysi-
cian assisting personnel should participate in specifically designed seda-
tion training. The knowledge of the nonphysician personnel should be
certified.

Evidence level 5, recommendation grade A, strong consensus

So far, only isolated special training guidelines exist on sedation
and management of emergency situations. However, they show
that specific training courses, such as those using simulators, im-
prove physicians’ confidence in handling emergency situations
[385, 386].

A much broader training program for nonphysician assisting
personnel (nurses) was the subject of several studies using propo-
fol [94, 334]. The DGVS has developed a structured curriculum for
a joint one-day team training for physicians and nurses [387]. For
training of qualified, nonphysician assisting personnel (nurses or
physician’s assistants) a 3-day curriculum is offered by the DEGEA
and accredited by the DGVS [387]. In addition, since 2012, a train-
ing curriculum of the ESGE and ESGENA exists [388], which was
developed in accordance with the German recommendations. All
curricula rely on the use of simulator-based training.

Recently, there have been positive recommendations from nu-
merous international guidelines on this subject [373, 381-384,
389, 390]. High safety in the use of NAPS by trained teams has
also been documented in mostly retrospective studies [391-
393]. For sedation with midazolam plus opiates (moderate seda-
tion), a reduction in the number of hypoxias by trained compared
with untrained endoscopists was reported [386].

Recommendation 3.3 2022 (modified)

We recommend that the qualification of physicians and nonphysician
assisting personnel who are involved in sedation, monitoring, and fol-
low-up should be ensured by periodical participation in structured edu-
cation curricula.

In addition to theoretical knowledge, these curricula should transmit
practical competencies including complication management (e. g., si-
mulation training).

Note: It is generally preferable for the whole endoscopy team (physicians
and nonphysician assisting personnel) to do the training together.

Evidence level 2, recommendation grade A, strong consensus

Background

Annual training courses in cardiopulmonary resuscitation (e. g.,
“megacode” training) for all hospital nurses is still generally recom-
mended. The training curriculum for sedation is no substitute for
these annual courses. How often such sedation training curricula
must be held differs greatly and depends on the individual prere-
quisites of hospitals or practices (experience/training of physicians
and nurses, number of sedations performed, experience in compli-
cation management, etc.). Therefore, no definite statement about
the required frequency of repeating such training curricula can be
made in this guideline. The individual frequency (e.qg., every 3
years) should be determined in each endoscopy unit as part of the
quality management process. Ideally, this should be done as a peer-
reviewed process, and the results should be documented in writing.
The DGEA recommends repeated training for nurses every 3 years.
Several retrospective studies have also documented a high degree
of safety in the use of NAPS by trained teams [391-393]. For seda-
tion with midazolam plus opiates (moderate sedation), a reduction
in the number of hypoxias by trained compared to untrained endos-
copists was reported [386].

In principle, team training of physicians and nonmedical staff is
recommended, but in Germany participation of physicians, espe-
cially in refresher courses, has often in the past not been the case.

3.3 Personnel Requirements

Recommendation 3.4 2022 (modified)

For every endoscopy under sedation, we recommend that one person is
solely responsible for the performance, monitoring, and documentation
of the sedation. This person should have verifiable specific training and
be experienced in the monitoring of patients who have received medi-
cation (sedatives, hypnotics, and/or analgesics).

In all cases, if an increased patient risk (e. g., ASA class > Ill and proce-
dural special risk factors for cardiopulmonary events), anatomical pecu-
liarities of the airways, or severe neurologic diseases are expected, we
recommend that a second physician (qualified in resuscitation and in-
tensive care) be present whose only task is the sedation and the moni-
toring of the patient.

Evidence level 5, recommendation grade A, consensus

The guideline of the DGAI [376] states: “Since the examiner is
usually unable to watch the patient’s vital signs with sufficient
care while doing an endoscopy, it is necessary for a second, spe-
cially trained, and qualified person to reliably take over the patient
monitoring.”

It was shown in several studies that patients with greater co-
morbidities (ASA class 2 Ill) have an increased sedation risk during
emergency and long lasting (> 60 min) endoscopies [220, 394-
396]. Questions regarding the composition of endoscopy teams
or persons involved in endoscopic procedures or interventions
are addressed in the DGVS guideline, “Quality Requirements for
Gastrointestinal Endoscopy” (AWMF register no. 021-022). There
is adherence to the initial statement that one person should be ex-
clusively responsible for the performance and monitoring of the
sedation.
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Requirements for training are outlined in the training curricula
of the European Society of Gastrointestinal Endoscopy (ESGE) and
German Society for Endoscopy Assisting Personnel (DEGEA) [387,
388]. In principle, as a prerequisite of training in sedation and
emergency management, assistants should have formal training
in a medical profession (nurses, physician’s assistants, etc.).

The recommendation also corresponds to most of the current
international guidelines [373, 381-384, 390]. In a new ASGE
guideline, which focusses on this topic (“Staffing requirements”)
[397], a differentiated procedure between the performance of
unsedated endoscopies (not the subject of the current guideline),
the administration of moderate sedation (by benzodiazepines and
other substances excluding propofol), and of deep sedation (with
propofol) is recommended. The sole focus of the sedating person
on the sedation procedure (“sole task”) is only required for deep
sedation with propofol. Furthermore, the German “Pro-Sed” stud-
ies [34, 398] indicate that for low-risk patients and interventions,
a “sole task” approach, also for propofol, is not mandatory. How-
ever, definite proof, based on hard endpoints, has not yet been
provided for this strategy. Based on “primacy of patient safety”,
the previous recommendation remains valid. The ASA classifica-
tion (as an excellent factor) proves difficult to classify the risk of
patients who should have a second physician present, as the defi-
nition of this group is very diverse. For example, decompensated
heart failure or severe COPD is certainly an indication for physi-
cian-guided sedation rather than NAPS sedation, but poorly con-
trolled diabetes mellitus or chronic, rate-controlled atrial fibrilla-
tion are mostly not. However, most of the guideline group voted
in favor of maintaining the 2014 recommendation.

A recent retrospective Scandinavian study [392] showed that
for ASA I-Il patients, complex endoscopic examinations (ERCP,
EUS, balloon enteroscopies, and also those with high procedural
risk) are also safely possible in a “NAPS setting”. The evidence of
a single retrospective study is currently not sufficient to change
the recommendation.

3.4 Monitoring During and After the Endoscopic
Procedure

Recommendation 3.5 2022 (unchanged)

We recommend that monitoring measures should be based on the pa-
tient’s health status, the invasiveness of the endoscopic procedure to be
performed, and the type of sedation/analgesia used.

Evidence level 5, recommendation grade A, strong consensus

Several prospective complication registers [220, 394-396]
showed an increased complication rate in patients ASA class IlI
and higher, both for interventional endoscopy and emergency ex-
aminations. In a single-center, prospective-case series of patients
undergoing interventional endoscopies (majority upper Gl tract
hemostasis and ERCP) [214], an increased morbidity and mortal-
ity was found, and patients with higher ASA class and those who
underwent emergency interventions were at highest risk. This is

also confirmed in recent German publications [34, 398]. The re-
commendation is in consensus with all international guidelines
dealing with this topic [373, 381-384, 390].

Recommendation 3.6 2022 (modified)

We recommend that sedation should be initiated by an appropriately
qualified physician (see Recommendation 3.1).

Evidence level 5, recommendation grade A, strong consensus

The delegation of medical services, such as the delegation of
monitoring to assistants, requires the presence of a physician
who is personally responsible for delegating this activity.

In Germany, the indication for sedation and the choice of spe-
cial medication must be made by a physician who is qualified to
do so (a requirement of pharmaceutical law).

Recommendation 3.7 2022 (modified)

Subsequent monitoring and continuation by an experienced person with
appropriate training (physician, nurse/physician assistant) may be con-
sidered.

Evidence level 1, recommendation grade 0, strong consensus

The safety of NAPS sedation has been documented in numer-
ous international, mostly prospective, studies [34, 125, 398-406].

The previous Recommendation 3.3.3.7c is redundant to Re-
commendation 3.4 (previously 3.3.2.1) and was left in the pre-
vious guideline versions of 2008 and 2014 to emphasize the im-
portance of this passage (“the sedating person is solely
responsible for the administration, monitoring, and documenta-
tion of sedation”) under the primacy of patient safety. Because
of redundancy, this recommendation has now been deleted. The
adoption of the resolution was only by simple majority (no con-
sensus reached) because, to many members of the guideline
group, this statement is still important. However, there are mod-
ifications of this recommendation in the literature.

The European guideline is more open regarding the require-
ment that no relevant restriction of the activities of the person
monitoring the sedation is allowed [362] and this applies equally
to the ASGE guideline [367]. It is stated that short activities, which
can be interrupted at any time without danger, can be additionally
assumed by this person [362, 367]. A possible example would be
the handing of biopsy forceps, e. g., for taking Helicobacter sam-
ples during gastroscopy. A precise definition of these “short inter-
ruptible tasks” [367] is not given. However, the German guideline
group remained stringent in this regard because of the legal re-
quirements underlying the expert opinion from 2006 on the abil-
ity to delegate intravenous sedation in endoscopy by Prof. Dr. Dr.
A. Ehlers (see DGVS homepage at www.dgvs.de).
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Recommendation 3.8 2022 (modified)

Administration of drugs necessary to maintain sedation or control com-
plications during the procedure by properly trained and experienced
persons, who are exclusively assigned to this task as ordered by a physi-
cian, may be considered.

Evidence level 1, recommendation grade 0, strong consensus

Under appropriate conditions, NAPS is safe and efficient [334,
407-409] in patients with ASA classification I-1ll (> Table 8).
NAPS should not be performed in ASA IV patients [334, 407-
409]. NAPS should be performed by an appropriately trained per-
son supervising only this task. To date, only one prospective case
series exists in diagnostic OED and colonoscopy. In 27 000 pa-
tients, it showed that even when supervised by the assisting en-
doscopy nurse (“2-person procedure”), NAPS appears to be safe
[117]. However, randomized studies on this issue are not available
to date, and most of the studies on NAPS (>95 %) were conducted
in a “3-person setting”. The fact that in Germany, as shown in a
survey by A. Behrens et al. [410], a “third person” is only involved
in a maximum of 50 % of cases makes it irrelevant for the guideline
recommendation (which must primarily be based on published
evidence and safety of use). Directly comparative, randomized
studies on the frequency of complications in procedures using a
“2-person vs. 3-person procedure” in the context of sedation dur-
ing Gl endoscopy are lacking to date. A first study implementing
such a setting has only recently been completed (“Pro-Sed 3”
study), but the results have not yet been published in full.

Recommendation 3.9 2022 (modified)

We recommend that after completion of the procedure, the sedated
patients should be monitored.

Evidence level 5, recommendation grade A, strong consensus

Postinterventional monitoring is necessary to detect any seda-
tion sequelae. The duration of the postinterventional monitoring
phase depends on the expected risk [270]. The duration of action
and the half-life of the substance used should be considered.

Close monitoring of the patient by qualified personnel should
be continued until the patient has completely recovered. This
should be done irrespective of the substance used and, if appro-
priate, with the use of a pulse oximeter. Patients can be released
from the monitoring area when their vital signs are stable and
they are alert [376]. The vital signs and level of alertness of the
patient must be documented upon discharge from the recovery
area. Please refer to topic V of this guideline for details regarding
the outpatient and inpatient setting.

Since follow-up should also include follow-up of problems not
caused by sedation (e. g., perforation, nausea, etc.), a change in
the wording of the 2014 recommendation (although without any
evidence) seemed appropriate. Almost all international guidelines
recommend patient monitoring independent of whether the fo-

cus is on sedation or not [373, 381-384, 390]. In sedated pa-
tients, detection of even non-sedation-related problems (e.qg.,
perforation or other technical complications) may be delayed.

Recommendation 3.10 2022 (unchanged)

We recommend that patient monitoring in the recovery phase should be
performed by appropriately trained and qualified personnel.

Evidence level 5, recommendation grade A, strong consensus

Monitoring persons must always be present in the recovery
area or have the recovery unit in view (telemetric monitoring via
cameras, etc. is not recommended).

However, they may, for example, use the telephone or file re-
ports (i.e., perform tasks that can immediately be terminated).
For safety reasons, patients who are awake should remain in the
monitoring area until they are discharged. This prevents patients
from leaving the area on their own while still under the influence
of the sedation (see verdict of the German Supreme Court (Bun-
desgerichtshof), reference no. VI ZR 265/02).

This recommendation corresponds to all recommendations of
other professional societies [373, 381-384, 390].

3.5 Facility and Equipment Requirements

Recommendation 3.11 2022 (modified)

We recommend that sedation should only be carried out in an environ-
ment adequately equipped to monitor and support respiratory and car-
diovascular function. There should be an additional, separate recovery
area.

This recovery area should also allow the monitoring of vital signs and
treatment of cardio-pulmonary complications and should be supervised
by persons qualified for this purpose.

Evidence level 5, recommendation grade A, consensus

According to the DGAI guideline [376], “the spatial conditions and
the equipment of the treatment and monitoring rooms must be
designed to the requirements of patients with relevant concomi-
tant diseases (ASA Ill and higher). The treatment room should be
equipped with monitoring equipment (pulse oximetry, RR, ECG),
drugs, oxygen connection, suctioning, and the tools and equip-
ment needed to perform resuscitation. In the event of a serious
complication, a suitable means of transport to a qualified treat-
ment facility (intensive care unit) must be ensured (e. g., elevator
with the possibility of transporting the patient lying down).” Cur-
rently, there is no evidence-based data available for the valid re-
commendations and standards. For further details, please refer
to the guideline on “Quality Requirements for Gastrointestinal En-
doscopy” (AWMEF register no.021-022). This guideline also de-
scribes the criteria for the structural and personnel requirements
of the recovery area, which have been included in the current ver-
sion of the sedation guideline since 2014.
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Recommendation 3.12 2022 (unchanged)

We recommend that mandatory monitoring during endoscopy should
include pulse oximetry and blood pressure measurement.

Evidence level 5, recommendation grade A, strong consensus

We suggest that continuous ECG monitoring be done for those pa-
tients who have severe heart disease or expected arrhythmic prob-
lems.

Evidence level 5, recommendation grade B, strong consensus

The person in charge of the clinical monitoring checks breath-
ing by observation, palpation of thorax, and abdominal wall
movement and possibly by auscultation of the expiratory air-
stream. The endoscopy personnel must have appropriate emer-
gency training and must be proficient in cardiopulmonary resusci-
tation.

According to the recommendations of various national and in-
ternational professional societies, pulse oximetry is required for
monitoring during all examinations [5, 361, 372]. For sedated
and high-risk patients, continuous blood pressure and ECG moni-
toring are also demanded.

In addition to clinical monitoring, pulse oximetry is now a pre-
requisite for sedation (especially after the introduction of the
quality assurance agreement for colonoscopy in accordance with
§ 135 SGB V). Here, oxygen saturation and heart rate are meas-
ured continuously. In Switzerland, according to a survey from
2012, 100 % of all endoscopies with propofol sedation were mon-
itored by pulse oximetry [411]. Similar studies from other coun-
tries, as well as from Germany [13, 14, 50, 51], show comparable
figures with a monitoring rate of 96 % to 97 %. Sedation with pro-
pofol also requires monitoring of blood pressure. Monitoring devi-
ces in which oxygen saturation, heart rate, and automatic blood
pressure measurements are displayed on a monitor mounted di-
rectly next to the endoscopy monitor are best because the exam-
iner can view everything at once. Documentation of the measure-
ment parameters is also preferable. In Germany, the frequency of
blood pressure monitoring almost doubled within 3 years after
implementation of the first national care guideline in 2008 [14].

Almost all current international guidelines support this recom-
mendation [373, 381-384]. In some guidelines, the assessment
of the patient’s level of consciousness (e. g., using the MOAA/S
score) is additionally required [382, 384]. In the opinion of the
guideline group, there is no hard evidence for this. The partial tac-
tile measures on the patient, which are necessary to determine
the MOAS/S score, interfere with the course of endoscopic proce-
dures. This is especially true for those of short duration. If any-
thing, such measures may only be useful for longer-lasting proce-
dures. Since the recommendation essentially refers to technical
monitoring, it does not make sense to include the above-men-
tioned aspect. The fact that the consciousness of the sedated pa-
tient must be monitored is already included in the recommenda-
tions of WG Il. Whether the MOAA|S score system makes sense
here appears at least debatable.

3.5.1 Extended Monitoring

Recommendation 3.13 2022 (modified)

Capnography may be used for early detection of apnea. The additional
use of capnography may be considered for multi-morbid or highly obese
patients who have a high procedural risk for cardiopulmonary compli-
cations.

Evidence level 1, recommendation grade 0, strong consensus

Capnography records the concentration of CO, in the breath.
Breathing activity can be graphically displayed. By observing the
continuous display of the expiratory CO, concentration on a moni-
tor, apnea can be detected earlier than with pulse oximetry. The
time difference of detection between these methods lies in the
range of up to 1 minute [412-417]. Measurement of the absolute
CO, tissue concentration (e. g., using transcutaneous measure-
ment) or in the exhaled air is less important as compared to cap-
nometric measurements in patients receiving general anesthesia
(the focus should be on continuous capnographic monitoring).

Three recent international guidelines recommend the use of
capnography in high-risk patients, deep sedation, and long-dura-
tion procedures, without a clear, definite recommendation (“re-
commended”) [373, 381, 383]. A Cochrane analysis evaluated
the effect of capnography on the performance of painful proce-
dures in an emergency unit (no endoscopic examinations). Three
randomized controlled studies were found, but a reduction in
complications could not be shown [418].

Regarding the use of capnography in endoscopic examina-
tions/interventions, a retrospective analysis of billing data from
258 000 patients was presented by Joplink et al. [419]. The setting
of capnography alone, pulse oximetry alone, or the combination
of both monitoring methods was analyzed. Retrospective analysis
showed that the use of capnography (alone or in combination)
significantly reduced the need for pharmacological interventions.
The number of recorded deaths was also lower with the use of
capnography but did not reach significance (odds ratio 0.18,
P=0.16) [419].

Regarding a possible cost-benefit analysis, a literature-based
study was conducted in the United States. It showed that a reduc-
tion in side effects could be expected in 27.2 % of cases with deep
sedation and in 18 % of cases with moderate sedation. Thus, it was
determined (for the United States setting) that the use of capno-
graphy was cost effective [420].

In a meta-analysis of the literature of randomized controlled
trials regarding the achievement of a lower hypoxemia rate by
the use of capnography, nine studies were evaluated [421]. It
was shown that the simple hypoxemia frequency (pO, <90 %)
was significantly decreased, with an odds ratio of 0.61, as was
the occurrence of severe hypoxemia (pO, <85 %), with an odds ra-
tio of 0.53. However, the frequency of need for assisted ventila-
tion or increased oxygen delivery was not different with the use
of capnography compared with standard monitoring [421].

In addition, several randomized controlled trials can be found
in the current literature:
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In a single-center study by Slagelse et al. involving 540 patients
sedated with NAPS, the number of adverse events (especially hypox-
emia) with or without the use of capnography (in addition to stand-
ard monitoring) was evaluated. The number and duration of hypox-
emia episodes were reduced by 40 % (mild hypoxemia pO, <90 %)
and 21 % (severe hypoxemia, pO, <85 %) by capnography (however,
both effects were not significant). Overall, the study demonstrates
only a very limited clinical benefit of capnography [422].

The results were somewhat more favorable in an RCT by Frie-
drich-Rust et al. in two centers on 533 patients undergoing colonos-
copy under NAPS or MAC sedation with or without additional capno-
graphy. Hypoxemia (pO, <90 %) was observed in only 18 % of
patients monitored with capnography but in 32 % under standard
monitoring (significant effect). Additional risk factors for the occur-
rence of hypoxemia were age, BMI, the presence of sleep apnea syn-
drome, and the use of anesthesia-guided sedation (MAC) [423].

In contrast, in another RCT performed at a single center in 452
patients undergoing gastroscopy or colonoscopy (ASA class | and
I1), the hypoxia rate was not significantly different without or with
capnography (54 % vs. 50 % of patients, respectively) [424].

In two further RCT from the Frankfurt working group on cap-
nography during PEG insertion, the frequency of hypoxemia was
significantly reduced in 150 patients (odds ratio 0.29 for hypoxia
<90 % and odds ratio 0.35 for severe hypoxia <85 %) [425]. In an-
other 147 patients, the significance of a parameter calculated
from capnography, the so-called integrated pulmonary index
(IP1), was evaluated. Here, no relevant advantage of this method
over the standard evaluation of capnography was shown [426].

In two prospective uncontrolled studies, capnography was
considered useful in severely obese patients (BMI 46.4) [427] or
when used during ERCP (N=11 patients) [428].

Another study compared capnography via conventional deter-
mination of CO, concentration from nasal respiratory flow to a
newer method, which determines CO, content via a special
mouthpiece, thus orally. In 104 patients who underwent gastro-
scopy (ASA | and Il patients), a more accurate detection of CO,
concentration was shown with oral capnography (100 % accuracy)
versus nasal capnography (47 % accuracy) [429].

All published studies (not only those included in the meta-anal-
ysis) showed a significant reduction in the number of observed hy-
poxemias with the additional use of capnography (see above). Evi-
dence of a significant reduction in robust endpoints, such as
mortality or permanent damage, or even a reduction in the fre-
quency of endotracheal intubations, was not reported. Therefore,
only a “may be considered” recommendation seems possible.
Especially the use of capnography, in addition to standard moni-
toring, in multi-morbid or severely obese patients and complex
procedures may well be useful.

Statement 3.14 2022 (unchanged)

A benefit of EEG monitoring with respect to relevant parameters in gas-
trointestinal endoscopy has not been demonstrated.

Evidence level 1b, strong consensus

The electric activity of the human brain correlates with the lev-
el of alertness and cerebral perfusion. Therefore, measurement of
the electrical activity of the brain via EEG can be useful during
general anesthesia or deep sedation. Bispectral (BIS) monitoring
is used to evaluate sedation depth in intensive care medicine and
in surgical patients.

An anesthesiology group investigated the correlation of sleep
depth under propofol sedation using the BIS index and a comple-
mentary topographic EEG in patients sedated with propofol dur-
ing endoscopy. Changes in the different brain regions between
the natural sleep depth and under propofol sedation were shown
[430].

A German working group evaluated the correlation between
the clinical assessment of consciousness and various EEG param-
eters during frontotemporal EEG using a Neuroline 720 device
from Ambu during gastroenterological and bronchoscopic exam-
inations under propofol sedation. A total of 171 patients (ASA |
and Il) were evaluated. Only a weak correlation between the clini-
cally determined level of consciousness and the EEG parameters,
in particular the BIS index, was found. Therefore, due to the nu-
merous artifacts, it was concluded, especially for the BIS monitor-
ing, that the application of this method during endoscopy is not
meaningful [431].

Most of the many other studies [432-441], however, showed
no significant reduction in the required propofol dose in mostly
interventional endoscopies. The use of BIS monitoring also did
not lead to a reduction in surrogate patient safety parameters (hy-
poxemia and RR drop) [436]. In addition, some studies reported
an inadequate or too slowly correlated assessment of the pa-
tient’s sedation depth in comparison to clinical observation of se-
dation depth and evaluation using BIS monitoring [438].

A meta-analysis on BIS monitoring included 12 studies, 6 of
which were judged to be of poor quality [442]. Overall, the evi-
dence quality from all studies was considered “low”. As a result,
there was no significant effect of BIS monitoring on the duration
of endoscopic examination, on the duration of awakening after
sedation, and ultimately on clinically relevant adverse events.
Only hypoxemia frequency and the number of blood pressure
drops were significantly reduced. Overall, it was concluded that
the validity of the existing studies is very limited [442].

In a randomized controlled trial of 115 patients undergoing co-
lonoscopy under propofol sedation, there was only a moderate
correlation between clinical assessment of sedation depth
(MOAA/s) and BIS score [443].

In a randomized trial on the use of BIS monitoring in gastric
ESD procedures in 90 patients, the need for interventions (e.g.,
chin-lift maneuver or increasing oxygen delivery) was required in
47.8 % of patients without compared to 30 % of patients with BIS
monitoring [444]. However, again, no difference was found in the
incidence of sedation-assisted complications. The conclusion was
that BIS monitoring is not clinically relevant [444].

Another randomized study investigated BIS monitoring in 280
patients undergoing screening colonoscopies. The only finding
was that the required propofol dose was higher in the group re-
ceiving BIS monitoring. Overall, BIS monitoring was again not con-
sidered helpful for clinical use [445]. In contrast, a randomized
study of 50 patients undergoing outpatient colonoscopy conduct-
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ed in 2019 found that the required propofol dose was lower under
BIS monitoring. In addition, cognitive status was evaluated before
and after sedation in both groups (MMSE, Trieger test, and clock
pointer test), with a more favorable outcome under BIS monitor-
ing [446].

In a comparative study [447] with another EEG-monitoring
method, which detects acoustic-evoked potentials, BIS monitor-
ing was superior (on the assessment of sedation depth under pro-
pofol).

In a randomized controlled trial by Wehrmann et al. [199], a sig-
nificant reduction in the required propofol dose during ERCP was
demonstrated when using another alternative EEG-monitoring pro-
cedure, the Narcotrend system. However, this was not demonstrat-
ed using the same Narcotrend procedure, in a more recent random-
ized study investigating the control of propofol sedation during
ERCP [448]. However, a lower rate of hypoxemia and drop in blood
pressure was found under Narcotrend monitoring.

In summary, no significant relevant advantages for the use of
EEG monitoring in gastrointestinal endoscopy could be documen-
ted when considering current and older studies. Therefore, the
use of such procedures can still not be recommended.

3.5.2 Addendum: Newer Monitoring Procedures
(Without Recommendation)

Two studies employed bio-impedance monitoring to assess re-
spiratory minute volume (RMV). This method involves placing
three adhesive electrodes on the sternum, the xiphoid, and the
right axillary line of the patient. By analyzing the wall movement
of the chest, the respiratory minute volume is estimated [449]. An
initial randomized study of 51 patients undergoing upper gastro-
intestinal endoscopies showed a better assessment of patients’
respiratory function using this method to determine respiratory
minute volume than using respiratory rate alone [449].

In a second study of 73 patients undergoing upper gastrointes-
tinal interventions, a decrease in minute volume was observed in
15.3 % of patients undergoing standard monitoring compared to
only 7.2 % of patients studied with the new RVM monitoring (bio-
impedance technique) (a decrease in minute volume <40 % from
baseline was considered relevant). This effect was even more pro-
nounced in the 10 % of patients in whom the anesthesiologist de-
termined respiratory minute volume in advance as clinically
meaningful [450].

In one study, photoplethysmography was used to detect re-
spiratory rate (the Nellcor system, which is attached to the fin-
ger). A feasibility study on 26 patients described no increased sen-
sitivity using this monitoring method for the detection of apnea
episodes [451].

In another study, by Parisian anesthesiologists, a photoplethys-
mography method was used for blood pressure monitoring. In
this feasibility study of 20 patients undergoing gastroscopy and
colonoscopy, a decrease in mean arterial pressure to <65 mmHg
was demonstrated in 91 % of patients undergoing standard mon-
itoring but only in 30 % of patients additionally examined with the
photoplethysmographic method [452].

Another study describes the use of acoustic monitoring to de-
tect respiratory activity compared to capnography [453]. Here, a

sensor is attached to the neck of the patient. Forty-nine patients
undergoing MAC sedation during gastroscopy with ESD were eval-
uated. A higher technical failure rate was found for capnography
(40 %) compared with the acoustic monitor (22 %), and vital signs
were not different in the two groups [453].

In another feasibility study in 12 patients by the Cleveland
Group, exhaled air temperature was measured and evaluated to
determine respiratory rate. This initial evaluation found the device
to be practicable. The so-called “Linsham Respiratory Monitor” is
incorporated into a face mask, through which an endoscope can
also be orally inserted [454].

However, all the newer abovementioned methods have so far
only been evaluated in feasibility studies. A definite assessment
of their clinical value is not possible at present, and therefore, no
recommendations can be made.

4 Guideline - Informed Consent/Prerequisites
for Performance of Sedation/Preservation

of Vital Functions/Clinical Monitoring/
Emergency Management

4.1 Informed Consent

Recommendation 4.1 2022 (unchanged)

When patients are given information about the endoscopy, we recom-
mend that they should also be told about sedation side effects, espe-
cially anterograde amnesia, and the possibility of restricted psychomo-
tor capability after the sedation.

Evidence level 5, recommendation grade A, strong consensus

4.1.1 General and Legal Aspects

The law on medical interventions, the physician’s duty to inform,
and patient information are very complex. According to constant
jurisdiction of the German Federal Supreme Court, every medical
intervention constitutes a personal injury offense according to
paragraph 223 ff. StGB, 823 | BGB (German Civil Code). A medical
intervention includes not only the performance of diagnostic pro-
cedures but also therapeutic measures such as surgery or drug ad-
ministration [455]. The consent (“informed consent”) that is nec-
essary for these procedures is only valid if the patients have been
given sufficient information and are able to exercise their right to
self-determination. If patients are not competent to give their
consent (e.g., children and severely mentally retarded persons),
the physician must inform their representative (guardian, agent
for healthcare matters, or other responsible persons) [456]. To
be able to give their consent, patients must also understand the
implications of the intervention. Aside from the legal aspects, a
well-performed informed consent process increases patient satis-
faction [457]. Patients should receive information even if they
have already undergone a similar endoscopic intervention and
they feel sufficiently informed. Many patients are not good judges
of their own level of information and understanding. Moreover, in-
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formation received earlier may have been forgotten or details
might remain misunderstood. The informed consent must be giv-
en for the currently intended examination.

4.1.2 Informing Person

Recommendation 4.2 2022 (unchanged)

We recommend that a competent and experienced physician should in-
form patients about the procedure in a form they can understand.

Evidence level 5, recommendation grade A, strong consensus

Background

The physician must be competent and experienced in seda-
tion. Informing the patient, who is usually uneducated in medi-
cine, must be done gently and comprehensibly. It is important
that the patient understands the impact and implications of the
intervention. The physician must make sure that the patient has
this understanding. Delegation (e. g., to a nurse) is impermissible
by law in Germany.

4.1.3 Informed Consent Procedure

Statement 4.3 2022 (modified)

The foundation of the consent procedure should be a discussion be-
tween the physician and patient. The content and range of the discus-
sion should be documented. The patients should receive copies of the
information and consent that they signed (according to paragraph 630e
BGB (German Civil Code)).

Evidence level 5, strong consensus

Recommendation 4.4 2022 (modified)

We recommend that information should be provided in a timely manner
so that the patient can make a well-founded decision about consent
(according to paragraph 630e BGB (German Civil Code)).

Evidence level 5, recommendation grade A, strong consensus

Background

The discussion must be patient centered, i. e., dependent on
the patient’s comprehension and scope of information needs. In
addition, standardized patient information sheets can be used,
but they only support the transfer of information and documenta-
tion and are no substitute for the personal patient information
session. Under civil law, the physician has the burden of proof
that the patient was properly informed [455]. Therefore, written
documentation is essential. A waiver should not be offered to the
patient and certainly not suggested. If, however, patients refuse
to be informed of their own accord, the waiver must be documen-
ted and signed by the patient [456]. The importance of the pa-
tient’s right to self-determination also requires that the declara-
tion of consent is offered in a timely manner [458] to ensure that
patients can decide without time pressure. The correct timing of

informed consent depends on the circumstances of the individual
case. Even in emergencies, responsive patients should be in-
formed as soon as time permits before giving consent [458]. In
principle, the information should be provided to the patients as
early as possible. It is recommended that informed consent be
performed together with the information about the endoscopic
procedure.

4.1.4 Content of the Patient Information Interview

Recommendation 4.5 2022 (unchanged)

We recommend that the discussion should include information on the
preparation for sedation, various sedation methods, and their possible
complications. It should also include informing patients that it is possible
to perform the intervention without sedation.

Evidence level 5, recommendation grade A, strong consensus

Background

In almost all types of endoscopic interventions, adverse effects
of sedation are responsible for at least 50 % of complications
[459]. Complications of sedation (aspiration, arterial hypotension,
bradycardia, apnea, etc.) are therefore typical complications and
must be discussed in detail with the patient. The patient should
be informed about the typical sedation risks irrespective of com-
plication rates. Severe atypical risks must also be discussed. The
physician should advise the patient on the “if and how” of seda-
tion. In addition to sex and age, it is wise to take the patient’s level
of anxiety/fear into account when setting the sedation dose.
These three factors have been shown to predict the patients’ co-
operation during the intervention and their satisfaction afterward
[460-462]. Overall, the tendency should be to offer sedation to
younger and more anxious patients, as well as to women [5, 8,
55, 460]. During long examinations and difficult interventions
(e.g., ERCP or a difficult polypectomy), sedation is necessary to
avoid unwanted involuntary patient movement [165, 463]. This
too should be explained to the patient. If the patient is injured
after refusing to consent to a necessary examination on the basis
of factually incorrect and/or unobjective information, the physi-
cian may be responsible [464]. Sedation can be refused if either
the patient has a very high ASA risk class [465, 466] or if the hos-
pital and personnel are not adequately equipped to perform seda-
tion according to the required standards. The physician must then
explain to the patient why sedation is impossible.

Whether patients should be informed of the possibility of dy-
ing because of the intervention is debated. In two verdicts of the
Regional Appeal Court Stuttgart, Germany [464, 467], and one of
the Regional Appeal Court Zweibriicken, Germany [468], the
courts demanded that patients be gently informed before colo-
noscopy of the possibility of dying as a result of perforation. In an-
other case, it was decided that patients must be informed that
they could die because of an ERCP. In the case of very urgent or
emergent procedures, the extent of information may be adjusted
to the situation.
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4.1.5 Safety Information (Behavior After Sedation)

Recommendation 4.6 2022 (unchanged)

We recommend that patients should be informed about what is safe to
do and not to do after sedation and discharge from outpatient care.
They should be given an information leaflet.

Evidence level 5, recommendation grade A, strong consensus

Background

Postprocedural conduct (management of discharge, see point
5.2): patients undergoing endoscopy as an outpatient procedure
should be told that they need to bring someone who will accompa-
ny them home safely. All patients who are sedated must be told
that they must not actively participate in road traffic, operate com-
plicated machinery, drink alcohol, or make important or legally
binding decisions. Due to the propofol’s half-life, a period of rest
and abstinence from the above-mentioned activities on the day of
the procedure is sufficient for monosedation. When other drugs are
used, also in combination with propofol, this period may be longer
(e.g., 24 hours when using midazolam). Patients should always be
given a telephone number to contact the physician or hospital if
they feel unwell or have complications or bleeding after the endos-
copy [456]. Information on the do’s and don’ts for the period after
the examination should be given to the patient in written form and
in person [456]. For critical procedures or patients with severe co-
morbidities, targeted questioning by a nurse via telephone calls the
next day was more effective than a written reminder [469].

4.2 Requirements for Carrying Out Sedations

Recommendation 4.7 2022 (unchanged)

A permanent intravenous access is a prerequisite for sedation and/or
analgesia.

Evidence level 2b, strong consensus

Background

Peripheral venous access is a fundamental requirement for the
administration of sedatives. A comparative study by Smith et al.
[470] investigated the functionality of a butterfly versus indwel-
ling catheter 1 hour after endoscopy, a time when most benzodia-
zepines and opioids have not even reached their half-life. Only
44 % of the butterflies but 98 % of the indwelling catheters were
still functional.

4.3 Protection of Vital Functions

Recommendation 4.8 2022 (unchanged)

We recommend that sedated patients should prophylactically receive
oxygen via a nasal cannula.

Evidence level 2b, recommendation grade A, strong consensus

Background

Incidents caused by sedation are usually cardiopulmonary
events [459]. They make up about half of all complications in en-
doscopy and, depending on the patient’s risk level, can also occur
during gastroscopy without sedation [471]. Earlier publications
reported a 5% incidence of cardiopulmonary events with benzo-
diazepine use [220], and recent studies with propofol report an in-
cidence of 0.1% [394]. Older patients, in particular, are at risk of
hypoxia under sedation [127, 178]. Prophylactic oxygen adminis-
tration via a nasal cannula can significantly reduce the frequency
of hypoxemic events [472-477]. However, there are also indica-
tions that prophylactic oxygen administration can delay the early
detection of hypoxemic events using pulse oximetry [270, 465].
Despite this fact, the guideline authors consider the “safety-buf-
fer” effect of prophylactic oxygen administration to be more im-
portant than its possible disadvantage of delayed hypoxemia de-
tection.

Recent studies have investigated the use of nasal high flow
during sedation for gastrointestinal endoscopy [478]. Nasal-high-
flow therapy uses special large lumen nasal cannulae that allow a
high gas flow of up to 60 liters per minute with variable oxygen
content. This results in a low positive pressure in the airways.
Data for use in gastrointestinal endoscopy is sparse, so its use out-
side of studies is not reasonable. The same applies for nasally ap-
plied PEEP (especially in patients with obstructive sleep apnea
and|/or significant obesity). So far, only feasibility studies are avail-
able. A randomized German study (Th. Rosch et al. at the Univer-
sity Hospital Hamburg-Eppendorf) will start soon [479].

4.4 Management of Sedation-Related Emergencies

4.4.1 Hypoxemia

Hypoxia is present if oxygen saturation declines below 90 % as
measured with a pulse oximeter. Most pulse oximeters indicate
the level of oxygen saturation by the impulse pitch level. Thus, if
the tone frequency becomes lower or the digitally visible oxygen
saturation drops continuously, counteractive measures must be
taken. Initially, this means asking patients in a loud voice and stim-
ulating them by touch to breathe deeper. If the patients are on
their backs or sides, their chins can be pulled up using an Esmarch
grip (also called jaw-thrust maneuver). This allows them to
breathe freely again through the mouth. Placement of a Giidel or
Wend| tube may be of help. In addition, the oxygen flow should be
increased (e. g., from 2 to 4-5L/min) and the application of seda-
tives should be interrupted. If patients fail to develop spontaneous
breathing with these measures, ventilatory support must be per-
formed using a bag mask. Finally, if necessary, the airways should
be secured instrumentally (e. g., endotracheal intubation). If the
patient was sedated with benzodiazepines, the antagonist fluma-
zenil may be given in addition intravenously (naloxone is used as
an antagonist for opioids). This often makes ventilation unneces-
sary. Otherwise, the procedure for hypoxia under benzodiazepines
is the same as for propofol.
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4.4.2 Cardiac Arrhythmias

4.4.2.1 General Considerations

Endoscopic intubation of the colon is enough to cause excessive
activation of the sympathetic autoregulative nervous system in
unsedated patients [480], thus increasing the probability of cardi-
ovascular events. Heartrate variability is enhanced further by se-
dation [481]. However, cardiopulmonary events can also be ob-
served in unsedated patients during gastroscopy [482, 483].

4.4.2.2 Tachyarrhythmias

There are only a few reports of supraventricular or ventricular ta-
chyarrhythmias during endoscopic procedures [484-487]. In
emergencies, antiarrhythmics and a defibrillator should be kept
at hand [488, 489].

4.4.2.3 Bradyarrhythmias

Occasionally, bradycardia occurs, especially during colonoscopy
with or without sedation. The incidence is reported to be 0.5%
[490]. However, drug intervention was only necessary in one-third
of the patients. The intervention consists of administering 0.5 mg
atropine intravenously. This can be repeated if necessary up to a
dose of 3 mg, and/or adrenaline (2-10 pg/min) can be given intra-
venously. In life-threatening situations, cardiopulmonary resusci-
tation should be done [491].

4.4.3 Arterial Hypotension

The incidence of arterial hypotension during colonoscopy varies
between 0.3 % [490] and 3 %-19 % [480] depending on the defini-
tion. In the case of arterial hypotension, volume resuscitation with
crystalloid infusion should be done. If hypotension persists, va-
soactive substances should be given. Prophylactic infusion during
all colonoscopies is not recommended [492], but it may be a good
choice in older dehydrated patients. Prophylactic intravenous ad-
ministration of crystalloid fluids can also be useful for long proce-
dures carried out under propofol sedation because of its pro-
nounced blood-pressure-reducing properties.

4.4.4 Myocardial Ischemia

Myocardial ischemia may occur during endoscopy with or without
sedation. In a prospective study, ST-segment depression was de-
scribed in 7% of patients undergoing colonoscopy. However,
three-quarters of these events occurred before the actual endosco-
py [493]. ST depression can be significantly reduced by oxygen sup-
plementation during endoscopy [473]. There is one published re-
port of a case of myocardial infarction during colonoscopy [303].

4.4.5 Rare Events During Sedation

Allergic reactions are rarely observed in patients who are sedated
for endoscopy. In 80000 colonoscopies, one allergic reaction to
midazolam was observed [459]. Localized pain at the injection

site, especially in small-caliber peripheral veins, is a more common
phenomenon after propofol administration. This type of “injec-
tion pain” can be largely avoided by intravenous injection of a lo-
cal anesthetic before propofol application or by its injection on an
“as-needed” basis [494-497].

5 Guideline - Quality Goals: Internal Quality
Assurance/Discharge Criteria/Fitness for Road
Traffic/Ability to Work/Documentation/
Benchmarking

5.1 Internal Quality Assurance

Recommendation 5.1 2022 (unchanged)

We recommend that there should be a written and easily understand-
able procedure plan for performing sedation and/or analgesia, for mon-
itoring the patient after sedation, for the criteria for discharge to the
outpatient or general inpatient area, and for the management of any
complications. The respective responsibilities should be clearly defined.

Evidence level 5, recommendation grade A, strong consensus

5.2 Discharge Criteria

5.2.1 Patient Instructions

Recommendation 5.2 2022 (modified)

We recommend that patients should be accompanied when they are
being discharged. They should also receive written instructions, includ-
ing a 24-hour emergency telephone number in case of examination-
related complications (sedation or intervention).

Evidence level 5, recommendation grade A, consensus

5.2.2 Minimum Criteria for Discharge

Recommendation 5.3 2022 (unchanged)

The use of minimal discharge criteria after sedation and/or analgesia
from the recovery area is wise. We recommend the use of a standardized
discharge checklist.

Evidence level 5, recommendation grade A, strong consensus
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Recommendation 5.4 2022 (unchanged)

» Table 10 Transfer After Outpatient Endoscopy.

Minimal criteria for discharge after outpatient endoscopy with se-
dation/analgesia (modified according to Ead H. [498])

Stable vital signs for at least 1 hour

Alert and oriented to time, place, and person (for patients with initially
reduced mental state, the initial state be reached)

Complete (or near-complete) resolution of pain

Ability to get dressed independently and to walk with assistance (for
patients with initially reduced functional/mental state, the initial state
be reached)

Discharge accompanied by a responsible adult

Written and verbal instructions, regarding diet, activities, medications,
participation in

traffic, judgement ability, typical signs of complications, follow-up
appointments, and a phone number to be called in case of complica-
tions

Evidence level 5, recommendation grade A, consensus

Recommendation 5.5 2022 (unchanged)

» Table 11 Transfer After Inpatient Endoscopy.

Minimal criteria for transfer from the recovery room to the hospital
ward after endoscopy with sedation/analgesia (according to DGAI,
2009 [499])

Level of alertness: awake or same as prior to the endoscopic procedure
Protective reflexes present or same as prior the endoscopic procedure

Sufficient spontaneous breathing without treatment or same as prior
to endoscopic procedure

Stable cardiac circulation without therapy or same as prior to endo-
scopic procedure

Evidence level 5, recommendation grade A, strong consensus

5.2.3. Use of Scoring Systems for Discharge

Recommendation 5.6 2022 (unchanged)

We recommend that scoring systems (e. g., the Aldrete score) should
not be the sole basis for deciding whether patients can be discharged
because they do not evaluate psychomotor function.

Evidence level 1b, recommendation grade A, strong consensus

Background

Various scoring systems to assess postsurgical recovery have
been used after sedation for endoscopy. The most popular sys-
tems are the modified Aldrete score (for early or phase I recovery)

and the postanesthetic discharge scoring system (PADSS, for in-
termediate or phase Il recovery) [500, 501]. Despite limitations
of the PADSS, inherent to its focus on surgical procedures (e.qg.,
one of the five criteria in this system is “surgical bleeding”), safe
discharge after gastrointestinal endoscopy was reported in a rela-
tively small prospective study [502]. A checklist (> Table 10) is re-
commended that assesses the ability of the patient to be dis-
charged from the outpatient area (modified according to Ead et
al. [498]). At a minimum, criteria proposed by the American So-
ciety of Anesthesiology should be met [20]. Commonly used tests
to evaluate psychomotor functions are the coherent response to
questions, the ability to stand on one foot, and the ability to walk
in a straight line for 5 m without instability.

The use of the modified Aldrete score [503] only allows state-
ments about patients’ vital signs but not about their psychomotor
performance. The latter may be considerably impaired even when
a maximum score is reached [504]. Even if patients have stable vi-
tal signs and seem sufficiently awake after sedation, it is known
that, after the use of intermediate-acting substances (e. g., mida-
zolam and meperidine), patients have a prolonged phase of am-
nesia and impaired reflexes and judgement.

Patients undergoing colonoscopy, who are sedated with a fre-
quently employed combination of midazolam plus an opiate,
show impairment of reaction time, fine motor skills, and percep-
tion for at least 30 minutes after the procedure. Study data show
that the remaining aftereffects of midazolam impair various psy-
chomotor functions for at least 1 hour after administration [504,
505]. In these cases, midazolam seems to be the main reason for
the persistent impairment of psychomotor function after sedation
[506]. A study by Thapar et al. [506] comparing the effect of mid-
azolam with fentanyl and propofol gave similar results. A current
study by Watkins et al. also showed that sedation with propofol
alone compared to a combination of propofol plus fentanyl or fen-
tanyl plus midazolam has the least effect on cognitive function
after the intervention [507].

5.3 “Street Fitness”
5.3.1 Roadworthiness

Recommendation 5.7 2022 (modified)

Even after reaching the required discharge criteria, psychomotor func-
tion can still be significantly impaired. Therefore, the time to active and
passive participation in road traffic should be determined individually
depending on the drugs used and the individual patient’s risk profile at
the time of discharge.

Evidence level 1b, recommendation grade A, strong consensus

Recommendation 5.8 2022 (unchanged)

We recommend that upon discharge, patients should refrain from driv-
ing, operating heavy machinery, or engaging in legally binding decisions
for at least 12 hours if sedation with propofol alone was administered.

Evidence level 1b, recommendation grade A, strong consensus
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Recommendation 5.9 2022 (unchanged)

We recommend that patients should refrain from such activities for
24 hours if benzodiazepines are used for sedation.

Evidence level 1b, recommendation grade A, strong consensus

Background

Until 2008, the recommendations of various professional so-
cieties stated that patients should not participate actively or pas-
sively in road traffic for 24 hours [376, 377, 508] after sedation for
gastrointestinal endoscopy. However, due to a lack of evidence,
this time frame appears to be too broadly defined, especially
with the use of ultra-short-acting substances, such as propofol or
remifentanil.

A whole series of studies by Kortilla et al. [509-511] dating back
to the 1970 already investigated psychomotor function after se-
dation with various drugs. These showed that even when benzodia-
zepines were used at higher doses (diazepam 0.45 mg/kg body
weight), psychomotor functions were restored after 10 hours
[510]. Psychomotor functions were impaired for up to 12 hours
only when meperidine 75mg i. m. was used. In this case, the re-
commendation not to drive for 24 hours seems justifiable - but me-
peridine 75 mg i. m. is no longer routinely used in endoscopy [509].

Normalization of psychomotor function on the day of the ex-
amination is primarily dependent on the half-life of the substance
used, whereby short-acting substances have an advantage. In a
prospective study by Riphaus et al. [86] involving 98 patients se-
dated during gastroscopy and colonoscopy using either propofol
or midazolam/pethidine, there was no impairment of psychomo-
tor abilities two hours after sedation with propofol compared with
midazolam/pethidine (using a driving simulator).

These results were confirmed for propofol in a similar study by
Horiuchi et al. [512]. However, a very low medium propofol dose
(around 40 mg) was used, which is not routinely employed for
propofol sedation in Germany [13, 14].

In another study by Horiuchi et al. [513], 92 % of 400 patients
drove themselves home after low-dose propofol sedation (dose
usually <50 mg in Asian patients) for gastroscopy without causing
traffic accidents.

A current study by Sato et al. [125] investigated the safety and
efficacy of propofol sedation administered by assistants at a mean
dosage of 105 mg during outpatient gastroscopy and colonosco-
py in a total of 117,661 ASA | and Il patients. A questionnaire-
based postintervention evaluation (2 weeks after the examina-
tion) included questions about whether patients “drove them-
selves home or to the office after the medical checkup?” and
“had an accident shortly after the medical checkup?” It was found
that many of at least 66,250 people were able to drive themselves
home or to work after the procedure without being involved in a
traffic accident. Which mode of transport they used was not spe-
cified in the study. Likewise, due to the query by questionnaire in-
stead of, for example, a telephone follow-up, any serious acci-
dents that made it impossible for the patient to answer the
questionnaire were not recorded.

Overall, after the use of short-acting hypnotics (e. g., propofol)
as a monosubstance, roadworthiness seems to be restored quick-
ly considering the drug’s half-life. Nevertheless, on the basis of the
results obtained in the present prospective study by Riphaus et al.
[86] of 98 subjects and also by Horiuchi et al. [514] with a sample
size of 48 subjects (and thus a very small number of cases), the
use of public transportation (even without an escort) may be con-
sidered, at the most. For driving a motor vehicle/bicycle, further
large, prospective field studies are needed, which have not yet
been presented by any working group worldwide.

In accordance with the low evidence of the currently available
data on roadworthiness after propofol sedation and the primary
consideration of patient safety, the guideline group has once
again adopted the recommendations of the current evidence-
and consensus-based guideline of the European Society of Gastro-
intestinal Endoscopy (ESGE) on propofol sedation by non-anesthe-
siologists [362] (see Recommendation 5.8 and 5.9).

This is also in the light of a study by Brechmann et al. [515] in
which, with the aid of a multi-dimensional questionnaire, 82 pa-
tients completed a questionnaire 1 hour before and after, as well
as 1 week after, propofol monosedation. It was shown that a clear
euphoric effect was detectable in 36 of these patients (44 %).
Thus, it is not only a sedating effect that may have an impact on
driving capability.

First, data from Riphaus et al. [516] suggest that gender differ-
ences influence recovery time after propofol monosedation dur-
ing colonoscopy. The aim of this study was to investigate whether
and to what extent gender differences in recovery time can be de-
tected using EEG monitoring to maintain a constant sedation lev-
el. As a result, women woke up significantly faster than men, with
time to eye opening of 7.3+3.7 versus 8.4+ 3.4min (P=0.005)
and time to full orientation of 9.1+3.9 versus 10.4+13.7 min
(P=0.008), respectively. Propofol dosage was not significantly dif-
ferent, with a trend toward more propofol per kg body weight in
women (3.98 +1.81 mg versus 3.72+1.75mg, P=0.232, respec-
tively). The results are best explained by gender-related differen-
ces in the pharmacokinetics and pharmacodynamics of opioids,
muscle relaxants, and intravenous anesthetics. The faster recov-
ery time may be related to a possible lower plasma concentration
of propofol in women, as well as to differences in the concentra-
tion of glucuronidated degradation products in women and men.
Also, CYP2B6 (a propofol degradation enzyme belonging to the
cytochrome P450 enzymes responsible for oxidative metabolism
of drugs) concentration was 1.9 times higher in the liver of wom-
en than in men [517].

Thus, the influence of gender should be considered when pro-
pofol is used as sedation for gastrointestinal endoscopy. This in-
cludes appropriate dosing for females and caution regarding pos-
sible overdose in male patients.

Based on the most recent data, focusing solely on the half-life
of the drug used does not appear to be sufficient for determining
wake-up time and subsequent “street fitness”. Further data re-
garding gender-sensitive pharmacokinetics and dynamics are
necessary to allow personalized medicine to ensure the greatest
possible patient safety in sedation during gastrointestinal endos-

copy.
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5.4 Documentation

Recommendation 5.10 2022 (unchanged)

We recommend that the patient file or the documentation form should
contain time-dependent documentation of the vital signs (heart rate,
blood pressure, and oxygen saturation), the drugs used including name
and dose, as well as the administration of intravenous fluids, and the
flow rate of oxygen. Complications and their management should be
documented as well.

Evidence level 5, recommendation grade A, strong consensus

5.4.1 General Considerations

Structured documentation is part of a quality process and may
help to improve compliance with sedation guidelines [518]. Doc-
umentation is an essential part of patient care and should be done
in all phases of the intervention (it may also provide a record of
correct sedation administration and monitoring in the event of le-
gal issues).

This includes:
= Pre-interventional evaluation of the patient
= Informed consent
= Monitoring during the intervention
= Patient recovery
= Patient discharge

Ideally, a standardized form should be used to improve documen-
tation [518].

5.4.2 Inability to Work

Recommendation 5.11 2022 (unchanged)

We recommend that the duration of the inability to work should be as-
sessed individually, specific to the workplace, taking into account the
effect profile of the used drugs.

Evidence level 5, recommendation grade A, strong consensus

Background

A general or precise recommendation cannot be given on how
long a patient is unable to work after the use of sedatives and an-
algesics for gastrointestinal endoscopy. As a general guide, an in-
terval of 24 hours is recommended [376, 377, 508]. However, this
interval is not based on evidence. For persons with a hazardous
working place (e. g., crane operators), a longer absence from
work (e. g., 48 hours) is recommended after sedation.

5.5 Benchmarking

Recommendation 5.12 2022 (modified)

We recommend that all complications that occur during endoscopy with
or without sedation should be documented. These include, in particular:
Blood pressure changes requiring intervention

Cardiac arrhythmia requiring intervention

Hypoxemia

Aspiration

Mask ventilations

Unplanned intubations

Neurological deficits

Unplanned intensive care monitoring

Resuscitations

Deaths

Evidence level 5, recommendation grade A, strong consensus

Recommendation 5.13 2022 (modified)

As part of internal quality management, we recommend that a team
meeting should be held regularly (at least every 3 months). Documen-
tation of this team meeting should at least include information on the
complications given under 5.12.

Evidence level 5, recommendation grade A, strong consensus

Background

A “benchmark” is a standard or reference point (metric) for a
relative evaluation of a product, service, or organization unit.

The most important benchmark for sedation during gastroin-
testinal endoscopy should be complication rates that are as low
as possible. A nationwide survey of all endoscopic examinations
and associated complications with and without sedation is desir-
able. The complications mentioned above should be centrally re-
corded and evaluated so that subsequent procedures can be opti-
mized. Some projects of this kind have already been launched (e.
g., a study of the German Association of Gastroenterologists in
Private Practice, complication registry of Helios-hospitals in Ger-
many, etc.).
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