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Abstract 

Background:  Patients undergoing bronchoscopy in spontaneous breathing are prone to hypoxaemia and hyper‑
capnia. Sedation, airway obstruction, and lung diseases impair respiration and gas exchange. The restitution of normal 
respiration takes place in the recovery room. Nonetheless, there is no evidence on the necessary observation time. We 
systematically reviewed current guidelines on bronchoscopy regarding sedation, monitoring and recovery.

Methods:  This review was registered at the PROSPERO database (CRD42020197476). MEDLINE and awmf.org were 
double-searched for official guidelines, recommendation or consensus statements on bronchoscopy from 2010 to 
2020. The PICO-process focussed on adults (Patients), bronchoscopy with maintained spontaneous breathing (Inter‑
ventions), and recommendations regarding the intra- and postprocedural monitoring and sedation (O). The guideline 
quality was graded. A catalogue of 54 questions was answered. Strength of recommendation and evidence levels 
were recorded for each recommendation.

Results:  Six guidelines on general bronchoscopy and three expert statements on special bronchoscopic procedures 
were identified. Four guidelines were evidence-based. Most guidelines recommend sedation to improve the patient’s 
tolerance. Midazolam combined with an opioid is preferred. The standard monitoring consists of non-invasive blood 
pressure, and pulse oximetry, furthermore electrocardiogram in cardiac patients. Only one guideline discusses hyper‑
capnia and capnometry, but without consensus. Two guidelines discuss a recovery time of two hours, but a recom‑
mendation was not given because of lack of evidence.

Conclusion:  Evidence for most issues is low to moderate. Lung-diseased patients are not represented by current 
guidelines. Capnometry and recovery time lack evidence. More primary research in these fields is needed so that 
future guidelines may address these issues, too.
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Background
Flexible bronchoscopy (FB) can be performed with vari-
ous regimes of monitoring and sedation [1–3]. Non-
invasive blood pressure, peripheral pulse oximetry and 

electrocardiogram are common practice for monitor-
ing during bronchoscopy. Capnometry is not commonly 
performed. However, pulse oximetry is not adequate to 
identify apnoea phases during bronchoscopic procedures 
properly; particularly when patients receive supplemental 
oxygen during the procedure, the saturation may appear 
good and mask apnoea and hypoventilation [4].

Apnoea phases and resulting hypercapnia can therefore 
not adequately be detected. One third of the hypercapnic 
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episodes appear delayed up to one hour after the end 
of FB [5]. Patients with pre-existing lung diseases (e.g. 
COPD) are even more at risk to develop substantial 
hypercapnia during and after FB [5, 6]. Thus, the patients 
need to be monitored after FB, too, to determine the safe 
time of discharge in ambulant patients or of transfer to 
the ward in hospitalised patients.

This adequate time also depends on the type and depth 
of sedation. Sedative regimes range from no sedation to 
general anaesthesia, although there is evidence that the 
patient’s comfort is higher if FB is performed in anal-
gosedation [2]. While rigid bronchoscopy is mostly per-
formed under general anaesthesia to facilitate complex 
procedures (for example, airway stent placement or for-
eign body extraction), FB is often performed under seda-
tion with preserved spontaneous breathing [7]. Most 
commonly benzodiazepines (midazolam), propofol and 
opioids (alfentanil, remifentanil and fentanyl) are used for 
sedation in FB. There is no standard practice of sedation 
for FB, as almost every combination of sedative drugs is 
acceptable; mostly the type of sedation depends on the 
discretion of the examiner [3].

Although the depth of sedation impacts oxygen satu-
ration, carbon dioxide tension, and recovery time, we 
hardly found any evidence or recommendations on the 
issues of monitoring, capnometry and observation time 
in a preliminary research. Thus, there is a need for eluci-
dating the current evidence, so we conducted a system-
atic review of the current bronchoscopy guidelines on 
flexible bronchoscopy with focus on these topics.

Methods
Study design
This systematic review is registered on the PROSPERO 
database (www.​crd.​york.​ac.​uk/​prosp​ero/​CRD42​02019​
7476) and is performed following the PRISMA-P report-
ing guidelines (Preferred Reporting Items for Systematic 
Reviews and Meta-Analyses Protocols [8]). The com-
pleted PRISMA-P checklist is provided in Additional 
file 1: Table S1.

Clinical questions were gathered in the PICO (Patient, 
Intervention, Control, Outcome) format to define the 
scope of the guideline and inform the literature search: 
The population under review compasses adult subjects, 
the intervention is any bronchoscopic procedures with 
maintained spontaneous breathing, the comparators are 
guidelines, recommendations, or consensus statements. 
The main outcomes are the recommendations regarding 
the intra- and postprocedural monitoring and sedation.

Search strategy
The systematic search is performed in the electronic 
databases Medline (using Pubmed) and awmf.de on July 

06 2020. The AWMF ("Arbeitsgemeinschaft der Wissen-
schaftlichen Medizinischen Fachgesellschaften e.V." or 
“Association of the Scientific Medical Societies in Ger-
many”) publishes official German guidelines of 175 scien-
tific member societies and 3 associated societies from all 
medical specialties. The details of the systematic search 
are provided in the supplementary material.

Study selection
An article was considered eligible if it: (1) is an official 
guideline, recommendation or consensus statement of 
a national or international medical institution; (2) is 
evidence- or consensus-based; (3) recommends on the 
practice of bronchoscopy with maintained spontaneous 
breathing; (4) was published within the last ten years; (5) 
was presented in full-text form and in English or German 
language. Clinical trials, case series and reports, expert 
opinions, teaching literature, meta-analyses, and system-
atic reviews were excluded.

Records were managed by electronic citation managers 
to screen the results of the database research. The search 
results were screened for eligibility based on title and 
abstract by two reviewers (DS and TG). Subsequently, 
full-text articles were evaluated on relevance by the same 
reviewers. Studies, which do not give practice recom-
mendations on how sedation, monitoring, and observa-
tion should be performed, were excluded. The reasons for 
the exclusion of an article were documented. Disagree-
ments were resolved through discussion and consensus; 
if an agreement could not be achieved, the decision was 
made by the senior researcher (ES).

Data extraction
The following data were extracted from all included stud-
ies: main author’s last name; year of publication; publish-
ing institution (stakeholder); type of guideline (consensus 
or evidence-based); patient characteristics; broncho-
scopic intervention; practice recommendations on moni-
toring and sedation, the strength of recommendation; the 
level of evidence. Data are entered into a catalogue of 54 
items (Table 1), which are organised in eight major top-
ics: the monitoring during FB, sedation and local anaes-
thesia, sedative drugs, analgesic drugs, termination of 
examination, patients with pre-existing lung-diseases, the 
management of hypoxemia, the monitoring after FB and 
the recovery time after FB.

The systems to rate the level of evidence and the 
strength of recommendation were gathered and re-
assigned to three levels as shown in Tables 2 and 3.

Risk of bias
To assess the risk of bias, the AGREE II tool was used [9]. 
The AGREE II tool assesses the quality of a guideline by 

http://www.crd.york.ac.uk/prospero/CRD42020197476
http://www.crd.york.ac.uk/prospero/CRD42020197476
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Table 1  Overview of recommendations, strength of recommendation and levels of evidence of current guidelines on bronchoscopy
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checking 23 items organized within six domains, with 
each domain capturing a specific aspect of guideline 
quality:

1.	 scope and purpose (three items)
2.	 stakeholder involvement (three items)
3.	 rigor of development (eight items)
4.	 clarity of presentation (four items)
5.	 applicability (three items)
6.	 editorial independence (two items)

Items are rated on a seven-point scale from 1 (strongly 
disagree) to 7 (strongly agree). A quality score is calcu-
lated for each of the six domains, presented as the per-
centage of the maximum possible score for each specific 
domain.

We used a staged scoring process to assess the qual-
ity of the included guidelines as proposed by the 2017 
AGREE-II-manual [10]: First, we chose the guidelines 
which cover general bronchoscopic procedures accord-
ing to our PICO. Expert panels on a narrow subtopic 
(for example, only cryobiopsies) were not included 
because of their limited contribution to the main ques-
tion of this review. Second, one reviewer (DS) assessed 
the third domain subscale (rigor of the development) of 
all guidelines. Third, the guidelines with high scores on 

this domain (e.g. ≥ 70%) were evaluated by four reviewers 
(DS, TG, NK, AL) on all domains.

Results
Included guidelines
Forty-four guidelines, recommendations and consensus 
paper were identified, of which 37 had to be excluded 
(Fig.  1): Twenty-five papers did not give recommenda-
tions specific for bronchoscopy, two focussed on gastros-
copy [11, 12], two referred to bronchoscopy in children 
[13, 14], two papers only dealt with the technical aspect 
of EBUS [15, 16] and two papers dealt with precautions 
in bronchoscopy of COVID19-patients [17, 18]. Four 
papers were excluded because they were only available in 
Chinese [19–22]. All other guidelines were available in an 
English version.

Nine guidelines, expert recommendations and con-
sensus statements met the eligibility criteria and were 
included. They are listed in Table  4 and can roughly be 
sorted by their scope: four guidelines and two consensus 
papers cover recommendations for sedation, monitoring 
and analgesia of general bronchoscopy (in chronologic 
order: ITALF, GRS, ACCP, BTS, GS ORL HNS, JICS). 
Three expert panels focus on special bronchoscopic 
procedures (UMCG: coils for endoscopic lung volume 
reduction; IAB: lung cryobiopsies; China: the treatment 

Table 1  (continued)

SoR, strength of recommendation; LoE, level of Evidence. Legend: ● yes; ✤ yes, but not specified; * preferred substance; red: weak, yellow: moderate, green: strong 
recommendation; black: recommendation against item; grey: item discussed, but no recommendation due to lack of evidence. Footnotes: #1: citation from guideline 
“For the purpose of this document, adequate monitoring of the level of consciousness and physiologic variables (including BP, respiratory rate, oxygen saturation by 
pulse oximetry, and ECG monitoring) is assumed and will not be further discussed.” #2: citation from guideline: "Continuous multimodal physiological monitoring 
should be undertaken during and after bronchoscopy in the ICU setting." #3: citation from guideline: "Patients who are more deeply sedated should have the same 
level of care monitoring as in general anesthesia." #4: Patients remain in the recovery room until preprocedure level of consciousness and acceptable vital parameters 
are reached. #5: Recommendations for sedation are based on the „S3-guideline Sedation in gastroenterologic endoscopy “ (1)
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of central airway stenosis) and add limited information 
relevant to this review.

The six general guidelines were rated for the rigour of 
development with the AGREE-II-tool as follows: ITALF 
31%, GRS 21%, ACCP 40%, BTS 100%, GS ORL HNS 
31%, JICS 85%. The detailed rating of the BTS and JICS 
guidelines, which reached > 70% in the domain “rigour of 
development”, is presented in Fig. 2.

Evidence levels and strength of recommendation
Four guidelines are evidence-, five are consensus-based. 
Three different systems to rate the levels of evidence are 
used (Table  3). Most evidence levels are low or moder-
ate, but over time some of them improve to high evidence 
levels (Table 1). Six papers are grading their strength of 
recommendation, of which four use a modified GRADE 
system and four use the phrasing, for example, “should”, 
“can” or “must” (Table 2).

Monitoring during FB
Non-invasive blood-pressure (NIBP) measurement, 
peripheral pulse oximetry (SpO2) and electrocardiogram 
(ECG) were recommended by five studies, with a strength 

of recommendation ranging from weak to strong recom-
mendations, with an overall low evidence level. The JICS 
guideline of 2019 strongly recommend NIBP and SpO2 
with a low level of evidence. The use of an ECG during 
FB is only strongly recommended in patients with car-
diac arrhythmias. Furthermore, the JICS endorse that the 
respiratory rate and the depth of sedation should be doc-
umented during FB. The ACCP assume adequate moni-
toring for FB and does not discuss it further.

Capnometry
Capnometry, whether end-tidal, transcutaneous or a 
measurement of partial carbon-dioxide pressure in capil-
lary blood gas analysis, is not covered by the guidelines. 
The BTS mentions “continuous multimodal physiological 
monitoring during and after FB in the ICU setting” and 
“patients who are more deeply sedated should have the 
same level of care monitoring as in general anaesthesia”, 
but does not explicitly name capnometry as part of the 
monitoring. The JICS did not find a consensus regard-
ing the use of capnometry, although sedative agents 
may induce hypercarbia during sedation. The use of 
capnometry was not mentioned for the post-procedural 

Table 2  Strength of recommendation

UPP, usual practice point (GRADE System)
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observation time. The BHPAROITA recommends blood 
gas analysis during and after bronchoscopy in patients 
with malignant central airway stenosis.

Local anaesthesia and sedation
A local anaesthesia (LA) is recommended by 4 studies, 
with one strong, one moderate and two weak recom-
mendations. According to the BTS, LA reduces cough, 
provides a better patient tolerance and may reduce the 
required doses of sedative agents (moderate evidence 
level). The GRS gives a moderate recommendation for 
the usage of a LA if oral intubation is performed. More 
recent guidelines find more evidence for the use of LA 
and give stronger recommendations than the older ones. 

Four studies recommend lidocaine for LA, two of which 
as preferred agent. The strengths of recommendation for 
lidocaine increase from 2010 to 2019.

The use of sedation for FB is discussed by seven stud-
ies. Six studies recommend the use of sedation for FB 
with strength of recommendation ranging from weak 
to strong. The ILATF and BTS say that bronchoscopy 
without analgosedation can be performed as well, but 
patients’ preference should be sought. Evidence levels are 
low or moderate. Two guidelines recommend a moder-
ate or conscious sedation, two propose to adapt the depth 
of sedation to the complexity of the procedure, ranging 
from minimal sedation to general anaesthesia.

Fig. 1  PRISMA flow chart of the process of identifying eligible guidelines
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Sedative drugs
Midazolam
Four guidelines recommend Midazolam, two of which 
as the preferred sedative agent. Three guidelines recom-
mend using the lowest possible dose. Lower dosage of 
midazolam in particular patient groups (elder patients/ 
critically-ill patients) were endorsed by two studies.

Propofol
The GRS 2011 recommends propofol either as mono-
sedation or combined with midazolam. In contrast, 
the JICS and BTS endorse the combination of propo-
fol with an opioid over propofol alone to improve the 
patient’s tolerance, supported by a high level of evi-
dence. The lowest possible dose of propofol should be 
applied Propofol should only be given if the personnel 

Table 4  Included guidelines, recommendations and consensus paper sorted by publication date

Region Year Society/Institution Acronym First author Type of statement Scope

Israel 2010 Israel Lung Association Task Force ILATF Shulimzon [23] Guideline General bronchoscopy

Germany 2010 German Society of Oto-Rhino-
Laryngology and Head-and-
Neck-Surgery

GS ORL HNS Schmidt [24] Guideline General bronchoscopy

Germany 2011 German Respiratory Society GRS Hautmann [25] Consensus paper General bronchoscopy

USA 2011 American College of Chest Physi‑
cians

ACCP Wahidi [26] Consensus paper General bronchoscopy

UK 2013 British Thoracic Society BTS Du Rand [27] Guideline General bronchoscopy

Netherlands 2018 Department of Pulmonary 
Diseases, University of Gronin‑
gen, University Medical Center 
Groningen, Groningen, The 
Netherlands

UMCG Slebos [28] Expert recommendation Endoscopic lung volume reduction

India 2019 Indian Association for Bronchology IAB Dhooria [29] Expert recommendation Cryobiopsy

China 2019 Beijing Health Promotion Associa‑
tion Respiratory and Oncology 
Intervention and Treatment 
Alliance

BHPAROITA Jin [30] Expert recommendation Malignant central airway stenosis

India 2019 Joint Indian Chest Society/National 
College of Chest Physicians (I)/
Indian Association for Bronchol‑
ogy

JICS Mohan [31] Guideline General bronchoscopy

Fig. 2  AGREE II assessment for high-quality guidelines on general bronchoscopy
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are trained in the administration of propofol. Accord-
ing to the JICS, propofol must be cautiously adminis-
tered in high-risk patient groups.

Diazepam
According to the GRS, diazepam should not be used 
because of its long half-life. The other guidelines do not 
mention diazepam.

Analgesic drugs
The combination of midazolam and opioids is recom-
mended by four guidelines, particularly to improve the 
patient’s tolerance during FB and to reduce the total dos-
age of sedative agents. Only the 2011 GRS guideline rec-
ommends against the use of opioids because of the risk 
of hypoventilation and they “have no advantages over the 
preferred substances [i.e. midazolam and propofol]”.

Patients with pre‑existing lung diseases
Recommendations for pre-existing lung diseases were 
only covered by three papers regarding sedation. The BTS 
weakly recommends a cautious sedation of patients with 
COPD or respiratory failure. The GRS gives a moderate 
recommendation that a lower dosage of sedative agents 
should be used in pulmonary disease. The JICS gives a 
strong recommendation of cautious sedation for patients 
with COPD and Asthma. An extended monitoring or 
post-procedural observation time for patients with pre-
existing lung diseases is not discussed by the guidelines.

Management of hypoxemia
Four guidelines endorse the routine administration of 
oxygen during FB (low to moderate evidence), three 
guidelines limit oxygen to certain cases (risk patients, 
desaturations below 90% or for more than one minute). 
An explicit statement for the stepwise escalating man-
agement for persistent hypoxemia was not given by the 
guidelines. Advanced airway equipment must be present 
according to the GRS.

Monitoring after FB
Advice for post-procedural monitoring, particularly 
NIBP, SpO2 and ECG is given by five guidelines. The 
strengths of recommendation increase until 2019, but the 
level of evidence remains low. The GRS mentions SpO2 as 
the minimum monitoring. The UMCG mentions moni-
toring of NIBP, SpO2 and ECG, but gives no recommen-
dation. The JICS endorses the monitoring of vigilance 
and respiratory rate after FB.

Recovery
Regarding the time patients are monitored in the recovery 
room, only the ILATF gives a specific recommendation 

of 2 h. One guideline mentions the recovery time of 2 h, 
but without a recommendation. Two guidelines propose, 
without going into detail, that patients be observed until 
they reach a level of pre-procedure consciousness and 
acceptable vital parameters.

Discussion
This systematic review is the first work to focus on the 
issues of monitoring and recovery in bronchoscopies.

Insufficient monitoring combined with too deep seda-
tion and undetected respiratory depression can lead to 
substantial complications in bronchoscopic procedures 
[32]. Hence, it is important to define the adequate kind 
of monitoring. The use of NIBP, heart rate and pulse-oxi-
metry is common practice in FB as stated by six guide-
lines with mostly moderate to strong recommendations. 
However, only low to moderate evidence exists regarding 
its use. An electrocardiogram is routinely advised only 
by two guidelines in 2010 and 2011; more recent guide-
lines (BTS, JICS) propose an ECG only in patients with 
known cardiac disease because the incidence of arrhyth-
mia in FB is reported to be very low (0.02%, low level of 
evidence) [33, 34]. The practice guidelines for moderate 
sedation and analgesia by the American Association of 
anaesthesiologists align with the recommendation for the 
use of ECG in patients with cardiac risk history [35].

Beside circulation, respiration is the main system to 
take care for during bronchoscopy. For instance, pulse 
oximetry is an adequate method to monitor hypoxemia 
during bronchoscopy [33, 36]. Nonetheless, the detec-
tion of hypoxemic episodes and apnoea phases may be 
impaired or delayed in patients receiving supplemental 
oxygen during the procedure [4, 37], which is routinely 
advised for by some guidelines. The majority of current 
guidelines recommend the use sedative and analgesic 
substances for flexible bronchoscopy, accepting the drug-
induced respiratory depression. The alveolar hypoven-
tilation does not only result in hypoxemia, but also in 
hypercarbia. Consequently, capnometry during flexible 
bronchoscopy can lead to the earlier detection of apnoea 
phases, by approximately half a minute [38].

Hypercapnia is not only a predictor of apnoea, but 
leads to consciousness disorders and hypotension [39], 
particularly in patients with pre-existing lung diseases [6, 
40]. They reach higher levels of carbon dioxide and need 
more time to recover to normocapnia [41]. Nonetheless, 
continuous measurement of carbon-dioxide tension dur-
ing or after FB in sedation is not mentioned by one of the 
guidelines reviewed here. The JICS finds no consensus 
regarding the role of capnometry, although they recog-
nise the problem of drug-induced hypercapnia. The JICS 
base their statement on three literature references [42–
44], one of which strongly endorses capnography during 
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procedural sedation and analgesia with a high level of 
evidence. The cited ASA reference of 2002 [43] has been 
replaced meanwhile in 2018, and now also recommends 
the use of end-tidal capnography during moderate seda-
tion to reduce the number of hypoxemic events [35]. The 
Association of Anaesthetists of Great-Britain and Ireland 
recommends capnography monitoring for anaesthetised 
patients after anaesthesia until a full level of conscious-
ness is reached if they were deeply sedated [44]. Further-
more, a meta-analysis of 2011 showed that respiratory 
depression has been detected more often with the use of 
capnometry, compared to standard monitoring [45].

However, the evidence which the bronchoscopy guide-
lines as well as the ASA and ESA (European Society of 
Anaesthesiology) guidelines on sedation rely on, mainly 
rises from studies on gastrointestinal endoscopies [46–
48]. In bronchoscopy, the bronchoscope itself placed in 
the airways causes an obstruction, which makes hyper-
capnia and hypoxemia even more likely to occur than in 
gastrointestinal endoscopy [49]. Most of these studies 
use end-tidal capnometry to detect apnoea phases earlier 
during sedation, but end-tidal capnometry can be insuf-
ficient to measure carbon-dioxide tension properly in the 
case of a ventilation perfusion mismatch.

Particularly in patients with pre-existing lung diseases 
or obstructive sleep apnea, transcutaneous capnometry is 
more precise in detecting hypercapnia during and after 
procedures with maintained spontaneous breathing than 
end-tidal capnometry [50]. However, the values of trans-
cutaneous capnometry appear delayed and do not pro-
vide a real-time assessment of the respiratory function 
[51, 52]. Transcutaneous capnometry is further impaired 
by a technical drift, hypoperfusion of the skin, improper 
calibration, and air bubbles under the sensor [52].

In all the investigated guidelines of this review, no rec-
ommendation was given on the management of hyper-
capnia or a tolerable threshold of partial pressures of 
carbon dioxide during FB.

Even though there is no evidence for tolerable thresh-
olds of carbon dioxide during the procedure, after which 
the procedure should be immediately terminated, cap-
nometry could help to identify patients at risk. Especially 
in long lasting procedures, such as EBUS or endoscopic 
lung volume reduction, capnometry can indicate a 
longer or more intensive postoperative observation [41, 
53]. In patients with a high risk for alveolar hypoventi-
lation, hypoxemia, and hypercapnia during FB, non-
invasive ventilation (NIV) can improve ventilation. The 
BTS states that NIV may be considered in intensive care 
patients with preprocedural hypoxemia [27]. A system-
atic review has shown a non-significant trend that high-
risk patients with FB under NIV are less likely to suffer 

from a “postprocedural delayed respiratory failure” [54].
Thus, NIV is a feasible alternative to facilitate FB in these 
patients.

The type and depth of sedation influence the neces-
sary recovery time, too [2, 42, 55]. The use of sedation has 
changed over time, as well as the sedative agents used in 
flexible bronchoscopy. While relinquishing sedation was 
recommended as a possible option for bronchoscopy by 
ILATF in 2010 [23], actual guidelines recommend the use 
of sedative agents to improve patients’ tolerance [31]. This 
review could not identify a uniform statement regarding 
the desired depth of sedation for FB. The recommenda-
tions range from minimal to moderate or conscious seda-
tion as well as deep sedation or general anaesthesia. A 
more complex procedure implies a deeper sedation [27]. 
Nevertheless, guidelines suggesting a feasibility of FB 
without sedation did not take patient-relevant endpoints 
into account, such as procedure tolerance and therapy 
adherence [56]. Sedation during FB enhances the willing-
ness of patients to repeat the procedure and their comfort 
during the procedure [3, 57–59]. Furthermore, it reduces 
the duration of the bronchoscopy [60].

A trend could be identified regarding the sedative 
agents: While midazolam alone was preferred in the ear-
lier guidelines, the combination of sedative agents with 
opioids is favoured now. The combination reduces cough, 
pain (due to the insertion of the endoscope), improves 
the patients’ tolerance, and reduces the total dose of sed-
ative agents (high level of evidence). Furthermore the use 
of topical anaesthesia reduces cough and is beneficial for 
the patients tolerance [61]. As explained above, the use 
of sedation and opioids may provoke hypoxaemia and 
hypercapnia. The reviewed guidelines did not deal with 
the question, when to prematurely terminate a bron-
choscopy in the case of critical incidents. Although the 
incidence of complications during FB and resulting mor-
bidity is low [34, 62], future guidelines should address 
thresholds or necessary interventions to manage compli-
cations of FB [63].

Four guidelines concern the issue of the appropriate 
recovery time, two of which recommend two hours of 
observation, and two recommend keeping the patient in 
the recovery room until the preprocedural level of con-
sciousness and acceptable vital parameters are reached; 
these statements are not further specified. Neither the 
quantitative (“two hours”) nor the qualitative approach 
are supported by evidence. The ASA states that there is 
insufficient literature concerning the appropriate moni-
toring, as well as recovery time and discharge criteria 
during recovery care. A vague recommendation is given 
to monitor the patients’ oxygenation and circulation until 
a pre-procedure level of consciousness is re-attained, 
which aligns with the reviewed guidelines [35].
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None of the guidelines try to relate their recommenda-
tions on recovery time to patient-related factors (comor-
bidities, obesitas), the type of bronchoscopy, or the type 
or depth of sedation. From our point of view, it is desir-
able to focus on these issues, because adequate recom-
mendations could help to safely discharge of patients 
from the recovery unit and simultaneously limit the nec-
essary resources to a sensible extent.

Conclusion
The recommendations in the reviewed guidelines 
resemble in content but differ in the strength of recom-
mendations. For most issues, the underlying evidence 
is low or moderate. The topics capnometry and recov-
ery time are not sufficiently covered. There are only 
few recommendations adapted to patients with chronic 
lung diseases.

Future guidelines for flexible bronchoscopy should 
include these issues in their scope and literature search. 
More primary studies on these topics are necessary.

Abbreviations
ACCP: American College of Chest Physicians; ASA: American Society of Anes‑
thesiologists Physical Status Classification System; AWMF: Association of the 
Scientific Medical Societies in Germany; BHPAROITA: Beijing Health Promotion 
Association Respiratory and Oncology Intervention and Treatment Alliance; 
BTS: British Thoracic Society; COPD: Chronic obstructive pulmonary disease; 
EBUS: Endobronchial ultrasound; ECG: Electrocardiogram; ESA: European Soci‑
ety of Anaesthesiology; FB: Flexible bronchoscopy; GRS: German Respiratory 
Society; GS ORL HNS: German Society of Oto-Rhino-Laryngology and Head-
and-Neck-Surgery; IAB: Indian Association for Bronchology; ICU: Intensive care 
unit; ILATF: Israel Lung Association Task Force; JICS: Joint Indian Chest Society; 
LA: Local anaesthesia; NIBP: Non-invasive blood pressure; PICO: Patient Inter‑
vention Control Outcome; PRISMA-P: Preferred Reporting Items for Systematic 
Reviews and Meta-Analyses Protocols; SpO2: Peripheral pulse oximetry; UMCG: 
University Medical Center Groningen.

Supplementary Information
The online version contains supplementary material available at https://​doi.​
org/​10.​1186/​s12890-​021-​01532-4.

Additional file 1. PRISMA-P checklist.

Acknowledgements
Not applicable.

Authors’ contributions
DS and TG contributed equally to the presented work. DS, TG and ES con‑
ceptualised the review question and design. DS and TG wrote the protocol, 
performed the literature research and the selection of the guidelines. DS and 
TG extracted the data from the guidelines. ES supervised the discussions. DS, 
TG, NK and AL graded the quality of the guidelines. DS and TG wrote the origi‑
nal manuscript draft. All authors contributed to and reviewed the presented 
manuscript. All authors read and approved the final manuscript.

Funding
Open Access funding enabled and organized by Projekt DEAL.

Availability of data and materials
The resources to reproduce our results are all given in the reference list.

Declarations

Ethics approval and consent to participate
Not applicable.

Consent for publication
Not applicable.

Competing interests
The authors declare that they do not have competing interest.

Received: 7 January 2021   Accepted: 10 May 2021

References
	1.	 Clark G, Licker M, Younossian A, Soccal P, Frey J, Rochat T, Diaper 

J, Bridevaux P-O, Tschopp J-M. Titrated sedation with propofol or 
midazolam for flexible bronchoscopy: a randomised trial. Eur Respir J. 
2009;34(6):1277–83.

	2.	 McCambridge AJ, Boesch RP, Mullon JJ. Sedation in bronchoscopy: a 
review. Clin Chest Med. 2018;39(1):65–77.

	3.	 Hong KS, Choi EY, Park D-A, Park J. Safety and efficacy of the moder‑
ate sedation during flexible bronchoscopic procedure: a systematic 
review and meta-analysis of randomized controlled trials. Medicine. 
2015;94(40):e1459–e1459.

	4.	 Fu ES, Downs JB, Schweiger JW, Miguel RV, Smith RA. Supplemental 
oxygen impairs detection of hypoventilation by pulse oximetry. Chest. 
2004;126(5):1552–8.

	5.	 Strohleit D, Galetin T, Magnet F, Stoelben E. Hyperkapnie und Hypoxämie 
während flexiblem EBUS bei Patienten mit und ohne COPD. Pneumolo‑
gie. 2020;74(S01):FV370.

	6.	 Grendelmeier P, Tamm M, Jahn K, Pflimlin E, Stolz D. Flexible bronchos‑
copy with moderate sedation in COPD: a case-control study. Int J Chron 
Obstruct Pulmon Dis. 2017;12:177–87.

	7.	 Casal RF, Lazarus DR, Kuhl K, Nogueras-González G, Perusich S, Green LK, 
Ost DE, Sarkiss M, Jimenez CA, Eapen GA, et al. Randomized trial of endo‑
bronchial ultrasound-guided transbronchial needle aspiration under 
general anesthesia versus moderate sedation. Am J Respir Crit Care Med. 
2015;191(7):796–803.

	8.	 Moher D, Shamseer L, Clarke M, Ghersi D, Liberati A, Petticrew M, Shekelle 
P, Stewart LA, Group P-P. Preferred reporting items for systematic review 
and meta-analysis protocols (PRISMA-P) 2015 statement. Syst Rev. 
2015;4:1.

	9.	 Brouwers MC, Kho ME, Browman GP, Burgers JS, Cluzeau F, Feder G, 
Fervers B, Graham ID, Grimshaw J, Hanna SE, et al. AGREE II: advancing 
guideline development, reporting and evaluation in health care. J Clin 
Epidemiol. 2010;63(12):1308–11.

	10.	 AGREE Next Steps Consortium (2017). The AGREE II Instrument [Electronic 
version]. http://​www.​agree​trust.​org.

	11.	 Weickert U. S2k Leitlinie Qualitätsanforderungen in der gastrointestinalen 
Endoskopie AWMF Register Nr. 021-022. 2015.

	12.	 Schmidt H, Hörmann K, Stasche N. S1 Leitlinie “Ösophagoskopie”. AWMF-
Register Nr 017/060 2015.

	13.	 Rose M, Liese J, Barker M, Adams O, Ankermann T, Baumann U, Brinkmann 
F, Bruns R, Dahlheim M. Ewig10 S: S2k-Leitlinie “Management der ambu‑
lant erworbenen Pneumonie bei Kindern und Jugendlichen (pädiatrische 
ambulant erworbene Pneumonie, pCAP)”. AWMF-Register Nr 048 2017, 
13.

	14.	 Eich C, Nicolai T, Hammer J, Deitmer T, Schmittenbecher P, Schubert 
K-P, Laschat M, Sittel C, Claßen M, Becke K. S2k Leitlinie “Interdisziplinäre 
Versorgung von Kindern nach Fremdkörper- aspiration und Fremdkör‑
peringestion”. AWMF-Register Nr 001/031 2015.

	15.	 Asano F. Recommendation of combination of radial endobronchial 
ultrasound with virtual bronchoscopic navigation. J Bronchol Intervent 
Pulmonol. 2016;23(3):187–8.

	16.	 Folch EE, Mahajan AK, Oberg CL, Maldonado F, Toloza E, Krimsky WS, 
Oh S, Bowling MR, Benzaquen S, Kinsey CM. Standardized definitions of 

https://doi.org/10.1186/s12890-021-01532-4
https://doi.org/10.1186/s12890-021-01532-4
http://www.agreetrust.org


Page 12 of 13Strohleit et al. BMC Pulm Med          (2021) 21:198 

bleeding after transbronchial lung biopsy: a delphi consensus statement 
from the nashville working group. Chest. 2020;158(1):393–400.

	17.	 Cordovilla R, Alvarez S, Llanos L, Nunez Ares A, Cases Viedma E, Diaz-Perez 
D, Flandes J. SEPAR and AEER consensus recommendations on the use of 
bronchoscopy and airway sampling in patients with suspected or con‑
firmed COVID-19 infection. Arch Bronconeumol. 2020;56(Suppl 2):19–26.

	18.	 Wahidi MM, Shojaee S, Lamb CR, Ost D, Maldonado F, Eapen G, Caroff DA, 
Stevens MP, Ouellette DR, Lilly C. The use of bronchoscopy during the 
coronavirus disease 2019 pandemic: CHEST/AABIP guideline and expert 
panel report. Chest. 2020;158(3):1268–81.

	19.	 Group of Interventional Respiratory Medicine CTS. Expert consensus for 
bronchoscopy during the epidemic of 2019 novel coronavirus infection 
(Trial version). Zhonghua Jie He He Hu Xi Za Zhi. 2020;43(3):199–202.

	20.	 Respiratory Care Committee of Chinese Thoracic S. Expert consensus on 
preventing nosocomial transmission during respiratory care for critically 
ill patients infected by 2019 novel coronavirus pneumonia. Zhonghua Jie 
He He Hu Xi Za Zhi. 2020;43(4):288–296.

	21.	 Branch of Interventional Respiratory Medicine CTS. Working Committee 
of Interventional Respiratory Diseases RPBoCMDA: [Expert Consensus 
on Transbronchial Cryobiopsies]. Zhonghua Jie He He Hu Xi Za Zhi. 
2019;42(6):405–12.

	22.	 Interventional pulmonology group of the Chinese Thoracic Society CMA. 
Guideline for diagnostic flexible bronchoscopy in adults (2019). Zhong‑
hua Jie He He Hu Xi Za Zhi. 2019;42(8):573–590.

	23.	 Shulimzon TR, Israel Lung Association Task F. Flexible bronchoscopy in 
Israel 2010: evidence-based clinical practice guidelines for the adult 
patient. A concise summary of the recommendations of the Israel Lung 
Association Task Force. Isr Med Assoc J. 2010;12(2):69–73.

	24.	 Schmidt H, Hörmann K, Stasche N. ENT-recommendations for tracheo‑
bronchoscopy. Laryngorhinootologie. 2010;89(8):473–6.

	25.	 Hautmann H, Eberhardt R, Heine R, Herth F, Hetzel J, Hetzel M, Reichle G, 
Schmidt B, Stanzel F, Wagner M. Recommendations for sedation during 
flexible bronchoscopy. Pneumologie. 2011;65(11):647–52.

	26.	 Wahidi MM, Jain P, Jantz M, Lee P, Mackensen GB, Barbour SY, Lamb C, 
Silvestri GA. American College of Chest Physicians consensus statement 
on the use of topical anesthesia, analgesia, and sedation during flexible 
bronchoscopy in adult patients. Chest. 2011;140(5):1342–50.

	27.	 Du Rand IA, Blaikley J, Booton R, Chaudhuri N, Gupta V, Khalid S, Mandal 
S, Martin J, Mills J, Navani N, et al. British Thoracic Society guideline for 
diagnostic flexible bronchoscopy in adults: accredited by NICE. Thorax. 
2013;68(Suppl 1):i1–44.

	28.	 Slebos DJ, Ten Hacken NH, Hetzel M, Herth FJF, Shah PL. Endobronchial 
coils for endoscopic lung volume reduction: best practice recommenda‑
tions from an expert panel. Respiration. 2018;96(1):1–11.

	29.	 Dhooria S, Agarwal R, Sehgal IS, Aggarwal AN, Goyal R, Guleria R, Singhal 
P, Shah SP, Gupta KB, Koolwal S, et al. Bronchoscopic lung cryobiopsy: 
an Indian association for bronchology position statement. Lung India. 
2019;36(1):48–59.

	30.	 Jin F, Li Q, Li S, Wang H, Bai C, Zeng Y, Zhou R, Cai Z, Chen L, Feng J, et al. 
Interventional bronchoscopy for the treatment of malignant central 
airway stenosis: an expert recommendation for china. Respiration. 
2019;97(5):484–94.

	31.	 Mohan A, Madan K, Hadda V, Tiwari P, Mittal S, Guleria R, Khilnani GC, 
Luhadia SK, Solanki RN, Gupta KB, et al. Guidelines for diagnostic flexible 
bronchoscopy in adults: Joint Indian Chest Society/National College of 
chest physicians (I)/Indian association for bronchology recommenda‑
tions. Lung India. 2019;36(Supplement):S37-s89.

	32.	 Eichhorn V, Henzler D, Murphy MF. Standardizing care and monitoring for 
anesthesia or procedural sedation delivered outside the operating room. 
Curr Opin Anaesthesiol. 2010;23(4):494–9.

	33.	 Mohan A, Madan K, Hadda V, Tiwari P, Mittal S, Guleria R, Khilnani G, 
Luhadia S, Solanki R, Gupta K. Guidelines for diagnostic flexible bron‑
choscopy in adults: Joint Indian Chest Society/National College of chest 
physicians (I)/Indian association for bronchology recommendations. 
Lung India Off Organ Indian Chest Soc. 2019;36(Suppl 2):S37.

	34.	 Facciolongo N, Patelli M, Gasparini S, Lazzari Agli L, Salio M, Simonassi 
C, Del Prato B, Zanoni P. Incidence of complications in bronchoscopy. 
Multicentre prospective study of 20,986 bronchoscopies. Monaldi Arch 
Chest Dis. 2009;71(1):8–14.

	35.	 Practice Guidelines for Moderate Procedural Sedation and Analgesia 
2018. A Report by the American Society of Anesthesiologists Task Force 

on Moderate Procedural Sedation and Analgesia, the American Associa‑
tion of Oral and Maxillofacial Surgeons, American College of Radiology, 
American Dental Association, American Society of Dentist Anesthesiolo‑
gists, and Society of Interventional Radiology*. Anesthesiol J Am Soc 
Anesthesiologists. 2018;128(3):437–479.

	36.	 Chhajed PN, Miedinger D, Baty F, Bernasconi M, Heuss LT, Leuppi JD, 
Tamm M. Comparison of combined oximetry and cutaneous capnogra‑
phy using a digital sensor with arterial blood gas analysis. Scand J Clin 
Lab Invest. 2010;70(1):60–4.

	37.	 Arakawa H, Kaise M, Sumiyama K, Saito S, Suzuki T, Tajiri H. Does pulse 
oximetry accurately monitor a patient’s ventilation during sedated 
endoscopy under oxygen supplementation? Singapore Med J. 
2013;54(4):212–5.

	38.	 Abdelmalak BB, Wang J, Mehta AC. Capnography monitoring in 
procedural sedation for bronchoscopy. J Bronchology Interv Pulmonol. 
2014;21(4):370–1.

	39.	 Price HL. Effects of carbon dioxide on the cardiovascular system. (0003-
3022 (Print)).

	40.	 Fruchter O, Carmi U, Fau-Ingenito EP, Ingenito EP, Fau-Refaeli Y, Refaeli 
Y, Fau-Kramer MR, Kramer MR. Transcutaneous carbon dioxide in severe 
COPD patients during bronchoscopic lung volume reduction. (1532-3064 
(Electronic)).

	41.	 Galetin T, Strohleit D, Magnet FS, Schnell J, Koryllos A, Stoelben E. Hyper‑
capnia in COPD patients undergoing endobronchial ultrasound under 
local anaesthesia and analgosedation: a prospective controlled study 
using continuous transcutaneous capnometry. Respiration. 2021;1–11.

	42.	 Hinkelbein J, Lamperti M, Akeson J, Santos J, Costa J, De Robertis E, 
Longrois D, Novak-Jankovic V, Petrini F, Struys M, et al. European Society 
of Anaesthesiology and European Board of Anaesthesiology guidelines 
for procedural sedation and analgesia in adults. Eur J Anaesthesiol. 
2018;35(1):6–24.

	43.	 American Society of Anesthesiologists Task Force on S, Analgesia by N-A. 
Practice guidelines for sedation and analgesia by non-anesthesiologists. 
Anesthesiology. 2002;96(4):1004–1017.

	44.	 Checketts MR, Alladi R, Ferguson K, Gemmell L, Handy JM, Klein AA, Love 
NJ, Misra U, Morris C, Nathanson MH, et al. Recommendations for stand‑
ards of monitoring during anaesthesia and recovery 2015: Association of 
Anaesthetists of Great Britain and Ireland. Anaesthesia. 2016;71(1):85–93.

	45.	 Waugh JB, Epps CA, Khodneva YA. Capnography enhances surveillance 
of respiratory events during procedural sedation: a meta-analysis. J Clin 
Anesth. 2011;23(3):189–96.

	46.	 Riphaus A, Wehrmann T, Hausmann J, Weber B, von Delius S, Jung M, 
Tonner P, Arnold J, Behrens A, Beilenhoff U. Update S3-Leitlinie “Sedierung 
in der gastrointestinalen Endoskopie” 2014 (AWMF-Register-Nr. 021/014). 
Z Gastroenterol. 2015;53(08):802–42.

	47.	 Vargo JJ, Zuccaro G Jr, Dumot JA, Conwell DL, Morrow JB, Shay SS. 
Automated graphic assessment of respiratory activity is superior to pulse 
oximetry and visual assessment for the detection of early respiratory 
depression during therapeutic upper endoscopy. Gastrointest Endosc. 
2002;55(7):826–31.

	48.	 Mehta PP, Kochhar G, Albeldawi M, Kirsh B, Rizk M, Putka B, John B, Wang 
Y, Breslaw N, Lopez R. Capnographic monitoring in routine EGD and colo‑
noscopy with moderate sedation: a prospective, randomized, controlled 
trial. Am J Gastroenterol. 2016;111(3):395–404.

	49.	 Evans E, Ganeshalingam K, Ebden P. Changes in oxygen saturation and 
transcutaneous carbon dioxide and oxygen levels in patients undergoing 
fibreoptic bronchoscopy. Respir Med. 1998;92(5):739–42.

	50.	 Schwarz SB, Windisch W, Magnet FS, Schmoor C, Karagiannidis C, Calle‑
gari J, Huttmann SE, Storre JH. Continuous non-invasive PCO2 monitoring 
in weaning patients: transcutaneous is advantageous over end-tidal 
PCO2. Respirology. 2017;22(8):1579–84.

	51.	 Chhajed PN, Rajasekaran R, Kaegi B, Chhajed TP, Pflimlin E, Leuppi J, Tamm 
M. Measurement of combined oximetry and cutaneous capnography 
during flexible bronchoscopy. Eur Respir J. 2006;28(2):386–90.

	52.	 Huttmann SE, Windisch W, Storre JH. Techniques for the measurement 
and monitoring of carbon dioxide in the blood. Ann Am Thorac Soc. 
2014;11(4):645–52.

	53.	 Fruchter O, Carmi U, Ingenito EP, Refaeli Y, Kramer MR. Transcutaneous 
carbon dioxide in severe COPD patients during bronchoscopic lung 
volume reduction. Respir Med. 2011;105(4):602–7.



Page 13 of 13Strohleit et al. BMC Pulm Med          (2021) 21:198 	

•
 
fast, convenient online submission

 •
  

thorough peer review by experienced researchers in your field

• 
 
rapid publication on acceptance

• 
 
support for research data, including large and complex data types

•
  

gold Open Access which fosters wider collaboration and increased citations 

 
maximum visibility for your research: over 100M website views per year •

  At BMC, research is always in progress.

Learn more biomedcentral.com/submissions

Ready to submit your researchReady to submit your research  ?  Choose BMC and benefit from: ?  Choose BMC and benefit from: 

	54.	 Cabrini L, Nobile L, Cama E, Borghi G, Pieri M, Bocchino S, Zangrillo A. 
Non-invasive ventilation during upper endoscopies in adult patients. A 
systematic review. Minerva Anestesiol. 2013;79(6):683–94.

	55.	 Stolz D, Kurer G, Meyer A, Chhajed P, Pflimlin E, Strobel W, Tamm M. 
Propofol versus combined sedation in flexible bronchoscopy: a ran‑
domised non-inferiority trial. Eur Respir J. 2009;34(5):1024–30.

	56.	 Colt HG, Morris JF. Fiberoptic bronchoscopy without premedication: a 
retrospective study. Chest. 1990;98(6):1327–30.

	57.	 Maguire GP, Rubinfeld AR, Trembath PW, Pain MC. Patients prefer sedation 
for fibreoptic bronchoscopy. Respirology. 1998;3(2):81–5.

	58.	 Putinati S, Ballerin L, Corbetta L, Trevisani L, Potena A. Patient satisfaction 
with conscious sedation for bronchoscopy. Chest. 1999;115(5):1437–40.

	59.	 Gonzalez R, De-La-Rosa-Ramirez I, Maldonado-Hernandez A, Dominguez-
Cherit G. Should patients undergoing a bronchoscopy be sedated? Acta 
Anaesthesiol Scand. 2003;47(4):411–5.

	60.	 Hong KS, Choi EY, Park DA, Park J. Safety and efficacy of the moderate 
sedation during flexible bronchoscopic procedure: a systematic review 

and meta-analysis of randomized controlled trials. Medicine (Baltimore). 
2015;94(40):e1459.

	61.	 Antoniades N, Worsnop C. Topical lidocaine through the bronchoscope 
reduces cough rate during bronchoscopy. Respirology. 2009;14(6):873–6.

	62.	 Leiten EO, Eagan TML, Martinsen EMH, Nordeide E, Husebo GR, Knudsen 
KS, Lehmann S, Svanes O, Bakke PS, Nielsen R. Complications and dis‑
comfort after research bronchoscopy in the MicroCOPD study. BMJ Open 
Respir Res. 2020;7(1).

	63.	 Leiten EO, Martinsen EMH, Bakke PS, Eagan TML, Grønseth R. Complica‑
tions and discomfort of bronchoscopy: a systematic review. Eur Clin 
Respir J. 2016;3(1):33324.

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in pub‑
lished maps and institutional affiliations.


	Guidelines on analgosedation, monitoring, and recovery time for flexible bronchoscopy: a systematic review
	Abstract 
	Background: 
	Methods: 
	Results: 
	Conclusion: 

	Background
	Methods
	Study design
	Search strategy
	Study selection
	Data extraction
	Risk of bias

	Results
	Included guidelines
	Evidence levels and strength of recommendation
	Monitoring during FB
	Capnometry
	Local anaesthesia and sedation
	Sedative drugs
	Midazolam
	Propofol
	Diazepam

	Analgesic drugs
	Patients with pre-existing lung diseases
	Management of hypoxemia
	Monitoring after FB
	Recovery

	Discussion
	Conclusion
	Acknowledgements
	References


