
Citation: Evers, G.; Mohr, M.;

Sprakel, L.; Galonska, J.; Görlich, D.;

Schulze, A.B. Bronchoscopist-Directed

Continuous Flow Propofol Based

Analgosedation during Flexible

Interventional Bronchoscopy and

EBUS. J. Clin. Med. 2023, 12, 4223.

https://doi.org/10.3390/

jcm12134223

Academic Editor:

Andrea Dell’Amore

Received: 3 May 2023

Revised: 7 June 2023

Accepted: 20 June 2023

Published: 22 June 2023

Copyright: © 2023 by the authors.

Licensee MDPI, Basel, Switzerland.

This article is an open access article

distributed under the terms and

conditions of the Creative Commons

Attribution (CC BY) license (https://

creativecommons.org/licenses/by/

4.0/).

Journal of

Clinical Medicine

Article

Bronchoscopist-Directed Continuous Flow Propofol Based
Analgosedation during Flexible Interventional Bronchoscopy
and EBUS
Georg Evers 1,*,† , Michael Mohr 1,†, Lena Sprakel 1, Jule Galonska 1, Dennis Görlich 2

and Arik Bernard Schulze 1,*

1 Department of Medicine A, Hematology, Oncology and Pulmonary Medicine, University Hospital Münster,
48149 Münster, Germany; michael.mohr@ukmuenster.de (M.M.); lena.sprakel@ukmuenster.de (L.S.);
jule.galonska@uni-muenster.de (J.G.)

2 Institute of Biostatistics and Clinical Research, Westfälische Wilhelms-University Münster,
48149 Münster, Germany; dennis.goerlich@ukmuenster.de

* Correspondence: georg.evers@ukmuenster.de (G.E.); arikbernard.schulze@ukmuenster.de (A.B.S.);
Tel.: +49-251-83-47610 (G.E. & A.B.S.); Fax: +49-251-83-47680 (G.E. & A.B.S.)

† These authors contributed equally to this work.

Abstract: Sedation techniques in interventional flexible bronchoscopy and endobronchial ultrasound-
guided transbronchial-needle aspiration (EBUS-TBNA) are inconsistent and the evidence for required
general anesthesia under full anesthesiologic involvement is scarce. Moreover, we faced the challenge
of providing bronchoscopic care with limited personnel. Hence, we retrospectively identified 513 pa-
tients that underwent flexible interventional bronchoscopy and/or EBUS-TBNA out of our institution
between January 2020 and August 2022 to evaluate our deep analgosedation approach based on
pethidine/meperidine bolus plus continuous flow adjusted propofol, the bronchoscopist-directed
continuous flow propofol based analgosedation (BDcfP) in a two-personnel setting. Consequently,
502 out of 513 patients received BDcfP for analgosedation. We identified cardiovascular comorbidities,
chronic obstructive pulmonary disease, and arterial hypertension as risk factors for periprocedural
hypotension. Propofol flow rate did not correlate with hypotension. Theodrenaline and cafedrine
might be used to treat periprocedural hypotension. Moreover, midazolam might be used to support
the sedative effect. In conclusion, BDcfP is a safe and feasible sedative approach during interventional
flexible bronchoscopy and EBUS-TBNA. In general, after the implementation of safety measures,
EBUS-TBNA and interventional flexible bronchoscopy via BDcfP might safely be performed even
with limited personnel.

Keywords: deep analgosedation; EBUS; interventional bronchoscopy; propofol

1. Introduction

Guidelines on the performance of flexible interventional bronchoscopy and endoscopic
ultrasound (EBUS) guided transbronchial needle aspiration (TBNA) primarily include re-
quirements and expertise in the process itself [1–4]. However, data on periprocedural
sedation are lacking evidence. Hence, recent guideline recommendations have been pre-
dominantly based on expert opinions and sedation follows guidelines of gastrointestinal
endoscopy [5] and recommendations on sedation in flexible bronchoscopy [6]. Here,
deep analgosedation may be used during interventional flexible bronchoscopy and EBUS-
TBNA [1] but, largely, EBUS is performed under general anesthesia including analgesia,
intravenous sedation as well as a muscle relaxant with simultaneously controlled ventila-
tion via laryngeal mask airway, endotracheal tube [7], or rigid bronchoscopy.

In times of limited financial and personnel resources, interventional bronchoscopy
requires pre-planned appropriate temporal frames. Regarding this, rigid bronchoscopy
implicitly requires full teams of anesthesiology and interventional bronchology to perform
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bronchoscopy under general anesthesia as well as controlled jet ventilation [8], frequently
performed in an operating room. Flexible interventional bronchoscopy as well as EBUS-
TBNA, however, might be performed via deep analgosedation in an endoscopy suite by
one or more bronchoscopists, supported by the endoscopy nurse [7].

So far, in Germany, laws and strict rules for sedation during endoscopy have not yet
been established. However, the German Respiratory Society has set up recommendations
for sedation during flexible bronchoscopy. As a consequence, non-anesthesiological guided
propofol use in endoscopy is generally permitted [6] and largely performed [9]. Before
the procedure, the S3-guideline for flexible bronchoscopy proposes risk assessment with
respect to the expected duration of the intervention as well as the patient’s comorbidities,
e.g., by classifying the patients according to the proposals of the American Society of
Anesthesiologists (ASA) [10]. Moreover, after sedation initiation by a trained physicist,
continuous supervision of the sedation may be performed by a specially trained nurse as
the so-called nurse-administered propofol sedation (NAPS) [6].

At our institution, pethidine/meperidine plus propofol [11] is the most commonly used
analgosedation and can be supported by midazolam to reduce propofol doses [5,12]. Endoscopist-
directed propofol sedation (EDP) has been evaluated as a reasonable and safe sedative approach
in gastrointestinal endoscopy [13,14]. However, data on its application in flexible interventional
bronchoscopy and EBUS are rare. A small study of 31 patients receiving continuous flow
propofol sedation stated a practical, effective, and safe sedation technique [15]. Moreover, a Swiss
randomized noninferiority trial compared bolus applications of propofol to a continuous infusion
protocol, resulting in comparable safety profiles with higher propofol doses for the continuous
flow protocol [16].

A widely used alternative is the combination of ketamine plus midazolam [17,18],
which, in our case, was predominantly used in patients with a high risk of periprocedural
hypotension, such as high-grade congestive heart failure.

At our institution, we faced the challenge of providing respiratory and bronchoscopic
care with very limited personnel. Thus, we used this retrospective analysis to document and
evaluate real-world data on the reasonable sedative pethidine/meperidine and continuous
flow propofol approach during flexible interventional bronchoscopy and EBUS-TBNA at an
endoscopy suite with limited personnel. As a part of the non-anesthesiological application
of propofol (NAAP) [5,13], the term endoscopist-directed propofol sedation (EDP) [14]
was modified into bronchoscopist-directed continuous flow propofol based analgosedation
(BDcfP), in resemblance to the study of Chrissian and Bedi [15].

2. Material and Methods
2.1. Study Collective

Retrospectively, we identified n = 513 patients that underwent interventional flexible
bronchoscopy and/or EBUS-TBNA at the department of pulmonary medicine at the Uni-
versity Hospital Münster between January 2020 and August 2022. To reduce confounding
effects, all examined patients during this period were included in this real-world retrospec-
tive data analysis. Patients gave informed consent to the pre-planned procedure between 1
to 14 days before the intervention.

2.2. Safety Measurements and Procedure

After obtaining informed consent and being risk-assessed via ASA score [10], each pa-
tient underwent a spirometry or body plethysmography to screen for restrictive or obstruc-
tive pulmonary disorders, if possible. Moreover, an arterialized capillary blood gas analysis
was conducted to gather information regarding impaired gas exchange. Laboratory analy-
ses were performed at a maximum of 7 days before intervention and included a hemogram
as well as parameters of partial thromboplastin time (PTT) and international normalized
ratio (INR). Besides a lack of sufficient data regarding interventional bronchoscopy [2,19],
site-internal standards required documented platelets above 80,000/µL. Patients with
platelets between 50,000/µL and 80,000/µL were discussed by at least two trained bron-
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choscopists with respect to the anticipated risk of bleeding against the background of the
planned intervention. Below the platelet cutoff of 50,000/µL, a transfusion was performed
prior to bronchoscopic intervention. Phenprocoumon and warfarin were usually bridged
by lower molecular weight heparins, which in turn were paused 24 h before intervention.
In this case, coagulation diagnostic was repeatedly obtained at the day of the intervention
to document an INR below 1.5 and a PTT below 45 s. Novel oral anticoagulants (NOAC)
were paused at least 24 h before intervention. Dual antiplatelet therapies (i.e., 100 mg
acetylsalicylic acid [ASS] plus 75 mg clopidogrel, or 100 mg ASS plus 10 mg prasugrel, or
100 mg ASS plus 2 × 90 mg ticagrelor) were reduced to 100 mg ASS monotherapy five to
seven days before the intervention [20,21], if allowed.

Each intervention was performed by at least one experienced and “Advanced Cardiac
Life Support” (ACLS)-trained bronchoscopist and at least one experienced endoscopy-
trained nurse. A second experienced and ACLS-trained bronchoscopist was pre-informed,
working facing the bronchoscopy suite and attainable via alarm bell to reach the suite in a
maximum of 15–20 s at any time. Additional personnel in training were eventually involved
in sedation and bronchoscopy. In cases of pre-identified severe comorbidities (e.g., ASA
score 4), special sedation techniques, or complex procedures, a second trained bronchol-
ogist was situated at the endoscopy suite, controlling the procedure, and supporting in
analgosedation and patient care.

Before initiation of analgosedation, patients were provided with a 20-gauge peripheral
intravenous catheter. Moreover, patients obtained lidocaine 2% spray orally to anesthetically
pretreat the posterior pharyngeal wall, and pre-oxygenation over a nasal cannula was performed
via an oxygen flow of 2–4 L/min. Before the initiation of analgosedation, patients received a
bite block to provide an orifice for safe bronchoscopy and oral intubation.

Before, during, and after analgosedation, patients were monitored with continu-
ous electrocardiogram documentation, automated, two-minute repeated non-invasive
systolic (SBP) and diastolic blood pressure (DBP) measurements, continuous oxygen satu-
ration measurement, and in case of pulmonary comorbidities, non-invasive percutaneous
capnography until full conscious recovery. Mean blood pressure (MBP) was subsequently
calculated via the following formula.

MBP = DBP +
1
3
(SBP − DBP) (1)

Analgosedation was predominantly performed intravenously with a fix-dose of 50 mg
pethidine/meperidine accompanied by an initial bolus of 0.5 mg/kg propofol and fol-
lowed by a continuous flow rate of 0.5 mL/kg 1% propofol. To achieve an adequate deep
sedative effect, boluses of 10–20 mg propofol were administered, and the continuous flow
rate was moderately increased until the patient was irresponsive to the lid closure reflex.
Overall, the propofol management was performed largely in line with its administration
performed by Lo et al. [22]. Occasionally, high continuous flow rates of propofol were
supported by intravenous midazolam boluses of 1 to 2.5 mg to support the sedative ef-
fect [5]. Pethidine/meperidine was omitted in case of pre-existing opioid therapy, such as
oral hydromorphone, tramadol, or higher-dosed tilidine.

For patients with non-catecholamine-dependent, severe congestive heart failure, anal-
gosedation was performed with ketamine and midazolam [11,17,18,23,24] by a second
experienced bronchologist.

After application of a maximum of 4.5 µg/kg lidocaine, 2% local anesthesia to the
larynx, trachea and bronchi via the bronchoscope, a xylocaine gel pretreated Ø 8.5 mm
double lumen tube (“bronchoflex” pattern, e.g., mediland GmbH, D-73635 Rudersberg,
Germany, Ref. ML-1092085) was released over the scope and set unblocked at tracheal level.
The primary lumen was then used for interventional bronchoscopy and endobronchial
ultrasound, while the second lumen was used for oxygen supplementation at a flow rate to
ensure a stable saturation of at least 90% in the spontaneously breathing patient. In case of
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insufficient saturation or insufficient spontaneous breathing, temporary supportive manual
ventilation via a ventilation bag was performed after blocking the tube.

After the establishment of safe airways, the interventional flexible bronchoscopy as
well as the EBUS-TBNA was performed as described in various guidelines [1–3].

Adequate sedation depth in the spontaneous breathing patient was continuously
controlled via monitoring of a normofrequent heart rate (i.e., 60/min to 90/min), as well as
repeated monitoring of normotensive blood pressure (i.e., 90/60 mmHg to 140/80 mmHg),
the responsiveness to lid closure reflex and an absent cough reflex.

Anticipated depression of blood pressure was treated with continuous intravenous elec-
trolyte solutions (e.g., B Braun Sterofundin ISO 500 mL, B. Braun SE, D-34209 Melsungen,
Germany) and/or needs-based treated with intravenous application of 100–200 mg of cafedrine
plus 5–10 mg theodrenaline. Occasionally, three patients received pre-planned moderate doses
of continuous flow norepinephrine and one patient received 1 mg of epinephrine.

Emergency drugs such as flumazenil (0.1 mg/mL), naloxone (0.4 mg/mL), epinephrine
(0.1 mg/mL), atropine (1.0 mg/mL) [25], prednisone (10 mg/mL), metoprolol (1 mg/mL),
amiodarone (50 mg/mL) and ajmaline (5 mg/mL) were easily accessible within the en-
doscopy suite.

3. Statistical Analysis

To describe the cohort, we used mean, standard deviation (SD), median, interquartile
range (Q1–Q3), 95 percent confidence interval (95% CI) as well as raw count and frequencies.
Two-fold associations between categorical variables were analyzed via Fisher’s exact test
or Chi-square test, if applicable. Paired continuous and ordinal variables were tested using
either paired t-test or Friedman test, depending on the normality of the data. Unpaired
continuous and ordinal variables were tested using either an unpaired t-test or the Mann–
Whitney U test, depending on the normality of the data. Unpaired continuous and ordinal
variables of more than two discriminators were tested using either One-Way ANOVA or
Kruskal–Wallis test, depending on the normality of the data. The correlation coefficient r
was calculated via two-tailed Spearman’s rank correlation.

Data collection, calculations as well as chart generation were performed using IBM®

SPSS® Statistics Version 29 (released 2022, IBM Corp., Armonk, NY, USA). The local
significance level was set to 0.05. Due to the explorative character of the analysis, an
adjustment to multiplicity was not determined

4. Results
4.1. Baseline Characteristics

The baseline characteristics of the evaluated cohort can be found in Table 1. A total
of 513 patients were documented of whom one-third were female. The average age of the
cohort was 60.5 years. Pulmonary comorbidities including chronic obstructive pulmonary
disease, bronchial asthma, and pre-diagnosed obstructive sleep apnea were apparent in
19.3% of the patients. Moreover, cardiovascular comorbidities including coronary artery
disease, congestive heart failure, and cerebral or peripheral obstructive artery disease were
found in 17.9% of the evaluated cohort. Other than that, arterial hypertension was the
most frequent comorbidity (39.0%), but diabetes mellitus (12.7%) and renal insufficiency
(7.0%) were also documented in a relevant number of patients. With respect to ASA
risk assessment, the mean ASA score was 2.8 (±0.5), and the median ASA score was 3
(Q1–Q3 3–3). The proportionate distribution can be found in Table 1.
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Table 1. Patient characteristics of the cohort.

n of Total (513) In % of Total

Sex

Female 188 36.6
Male 325 63.4

Age

Mean age (±SD) (years) 60.5 (±13.6)
Median age (Q1–Q3) (years) 63 (54–70)

Comorbidities

Cardiovascular 92 17.9
(a) Coronary artery disease 53 10.3
(b) Congestive heart failure 31 6.0

(c) Cerebral/peripheral obstructive artery disease 31 6.0

Pulmonary 99 19.3
(a) COPD 64 12.5

(b) Bronchial asthma 20 3.9
(c) Obstructive sleep apnea 17 3.3

Diabetes mellitus 65 12.7
Arterial hypertension 200 39.0

Renal insufficiency 36 7.0

ASA Score

1 0 0.0
2 126 24.6
3 348 67.8
4 39 7.6
5 0 0.0

Average time until discharge

Mean time (±SD) (days) 3.3 (±7.0)
Median time (Q1–Q3) (days) 1 (1–2)

SD—standard deviation; Q1–Q3—interquartile range; COPD—chronic obstructive pulmonary disease.

4.2. Procedural Characteristics and Use of Sedation

A second trained bronchoscopist was on site in 29.8% of the cases, mostly due to a
predefined impaired patient condition (e.g., ASA score 4), the use of midazolam and/or
ketamine (p < 0.001) as well as the use of the cryo probe (p < 0.001), or complex procedures,
including fluoroscopy (p < 0.001), and navigation bronchoscopy (p < 0.001).

Including pre- and post-interventional nursing care, the average procedure time in
our cohort was 92.2 (±29.6) minutes. By reduction of pre-interventional patient positioning
and monitoring, as well as post-interventional observation, the actual mean interventional
phase itself lasted 55.7 (±24.6) minutes (see Table 2).

A total of 493 cases (96.1%) received the combination of pethidine/meperidine plus
propofol, and 9 cases (1.8%) were sedated with propofol alone due to preexisting oral
opioid therapy. Propofol-supportive midazolam treatment was used in 37 out of 502 cases.

Ketamine plus midazolam sedation, however, was used in only 10 cases (1.9%),
while two patients received additional ketamine to previously applied propofol, pethi-
dine/meperidine, and midazolam due to inadequate deep sedation of the previously given
medication and an insufficient high continuous flow rate of propofol.

As pethidine/meperidine was used as a fix-dose of 50 mg, slight deviances in Table 2
can be explained due to a single second opioid treatment for dyspnea in a palliative care
patient after the intervention, as no other opioid was available at our endoscopy suite.

The mean propofol 1% perfusor flow rate was 62.9 (±36.6) mL/h (i.e., 10.5 [±6.1]
mg/min), its median value was 54.5 (Q1–Q3 39–75) mL/h. The absolute propofol doses used
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can be found in Table 2, complemented by already mentioned doses of pethidine/meperidine
and midazolam.

Table 2. Characteristics of the performed procedures and sedation protocol.

n of Total (513) In % of Total

Time of total procedure

Mean time (±SD) (minutes) 92.2 (±29.6)
Median time (Q1–Q3) (minutes) 90 (71–109)

Time of interventional procedure

Mean time (±SD) (minutes) 55.7 (±24.6)
Median time (Q1–Q3) (minutes) 56 (37–73)

Present trained bronchoscopists

1 360 70.2
≥2 153 29.8

Analgosedative regime

Propofol 502 97.9

Mean dose (±SD) (mg) 500.3 (±217.0)
Median dose (Q1–Q3) (mg) 480 (370–565)

Pethidine/Meperidine 493 96.1

Mean dose (±SD) (mg) 50.1 (±2.3)
Median dose (Q1–Q3) (mg) 50 (50–50)

Midazolam 48 9.4

Mean dose (±SD) (mg) 5.8 (±2.6)
Median dose (Q1–Q3) (mg) 5 (5–5)

Ketamine 12 2.3
Theodrenaline + Cafedrine 64 12.5

Norepinephrine 3 0.6
Epinephrine 1 0.2
Prednisone 30 5.8

Obtained specimen diagnosis

NSCLC 110 21.4
SCLC/LCNEC 43 8.4

Cancer other than lung 52 10.1
Sarcoidosis 61 11.9

Rheumatic diseases 8 1.6
Other interstitial lung diseases 7 1.4

Infectious cause 13 2.5
Anthracosis 15 2.9

Negative for malignancy/inflammation 204 39.8

SD—standard deviation; Q1–Q3—interquartile range; NSCLC—non-small cell lung cancer; SCLC—small cell lung
cancer; LCNEC—large cell neuroendocrine lung cancer.

Figure 1 depicts the periprocedural absolute propofol doses over time. Of interest, the
mean propofol dose in 502 patients was 500.3 (±217.0) mg and the interquartile range was
between 370 to 565 mg at a median propofol dose of 480 mg. Propofol doses correlated
positively with the procedure time (r = 0.345, p < 0.001, Figure 1) but additive midazolam
treatment was not associated with higher propofol doses (r = 0.275, p < 0.001, Figure 1) or
longer procedure time (r = 0.098, p = 0.028).
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Figure 1. Scatter dot plot: Absolute propofol dose and duration of intervention of n = 502 BDcfP se-
dated patients. Scatter dot plot depicting the propofol dose over time, blue dots: without midazolam,
red dots: with midazolam. The black line indicates simple linear regression with 95% confidence
intervals of propofol doses over time. The red dotted line indicates the simple linear regression of
propofol doses co-administered with midazolam. The blue dotted line indicates the simple linear
regression of propofol doses if sedation was performed without additional midazolam. Spearman
rank correlation coefficient: r = 0.345 (p < 0.001).

EBUS/interventional flexible bronchoscopy yielded a diagnosis in 60.2% of the patients.
On the contrary, in 39.8% of the patients, malignancy or specific inflammation was ruled out.
Histopathological and cytological diagnoses included non-small cell lung cancer (NSCLC) in
110 patients (21.4%) and small cell lung cancer (SCLC) plus large cell neuroendocrine lung
cancer (LCNEC) in another 43 patients (8.4%). Other malignant diseases were found in 52 cases
(10.1%). The most prominent benign alteration was epithelioid cell granulomatosis as a specific
inflammation pattern for sarcoidosis in 61 patients (11.9%). Other pulmonary or lymphonodal
manifestations of rheumatic diseases (1.6%) and other interstitial lung diseases (1.4%) were rarely
found. Infectious diseases were diagnosed in 13 patients, another 15 patients were diagnosed
with lymphonodal anthracosis (see Table 2).

4.3. Performed Interventions and Complications

Next to bronchial washing and bronchoalveolar lavage (BAL), each patient received at
least an EBUS, forceps biopsy, cryo biopsy, or brush cytology, eventually supplemented
by fluoroscopy, argon plasma coagulation/high-frequency electricity or navigation bron-
choscopy. Of note, the use of high-frequency electricity was mostly due to a high-frequency
needle-knife prior to the cryo-biopsy of the mediastinal lymph nodes, as proposed by
Zhang et al. [26].

On average, 5.8 needle aspirates were gathered per patient. Yet, the total amount of
TBNAs ranged from 0 to 18 aspirates per patient. The most prominently assessed lymph
node was on position 7, followed by 11R, 10R, 4R, and 11L (see Table 3).
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Table 3. Characteristics of the performed interventions and complications.

n of Total (513) In % of Total

Performed interventions

Endobronchial ultrasound (EBUS) 461 89.9
Bronchial washing 352 68.6

Bronchoalveolar lavage (BAL) 146 28.5
Cryo biopsy 111 21.6

Forceps biopsy 84 16.4
Brush cytology 62 12.1

Fluoroscopy 58 11.3
Argon plasma

coagulation/high-frequency electricity 56 10.9

Navigation bronchoscopy 21 4.1

Complications

Overall 95 18.5
Bleeding 70 13.6

(a) Minor bleeding 48 9.4
(b) Moderate bleeding 22 4.3

(c) Severe bleeding 0 0.0
Pneumothorax 0 0.0

Bronchial obstruction 33 6.4
Hypertension 3 0.6

Agitation 6 1.2
Others $ 2 0.4

n of EBUS (461) in % of n = 461

Number of TBNA per patient

Mean (±SD) (number of TBNA) 5.8 (± 3.1)
Median (Q1–Q3) (number of TBNA) 6 (3–8)

TBNA lymph node position

7 257 55.7

2R 30 6.5

4R 109 23.6

10R 123 26.7

11R 127 27.5

12R 21 4.6

2L 12 2.6

4L 44 9.5

10L 57 12.4

11L 93 20.2

12L 9 2.0

SD—standard deviation; Q1–Q3—interquartile range; TBNA—transbronchial needle aspiration; $ other
complications—including n = 1 pericardial effusion [not hemodynamically relevant prior to bronchoscopy],
n = 1 technically complicated fiberoptic intubation with intermittent mask ventilation.

With respect to complications, bleeding occurred in 13.6% of the cases. While in most
cases, minor bleeding was self-limited after bronchoscopic suction, in about one-third of
the bleeding complications, diluted adrenaline, oxymetazoline, or cold saline was applied
and—after the termination of bleeding—eventually supported by argon-plasma coagula-
tion (APC) (see Table 3). A bronchial obstruction, requiring steroid treatment, occurred in 33
of 513 patients of the cases. Moreover, agitation under BDcfP was present in six patients, re-
quiring additional midazolam treatment. Another three patients required anti-hypertensive
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treatment (i.e., urapidil or metoprolole intravenously) despite the unresponsiveness of the
lid closure reflex and an absent cough reflex.

4.4. Management of Vital Parameters during the Intervention

Of the patients, 4.9% (n = 25) did not receive any crystalloid infusion therapy. The other
patients received Sterofundin ISO at a mean amount of 488.4 (±177.5) mL. The median
crystalloid solution amount was 500 (Q1–Q3: 500–500) mL.

Periprocedural average and median vital parameters of all n = 502 continuous flow
propofol sedated patients can be found in Table 4. Average heart frequency ranged from
78 (±16)/min before the intervention to 75 (±14)/min after the intervention. Moreover,
oxygen saturation dropped from a pre-interventional average of 97.0 (±2.4)% to 95.8
(±5.4)% during the intervention and back again to 96.7 (±1.9)% afterward.

Table 4. Vital parameters of n = 502 continuous flow propofol sedated patients.

Pre-Interventional Peri-Procedural Post-Interventional p-Value

Oxygen saturation (% SO2)

Mean (±SD) 97.0 (±2.4) 95.8 (±5.4) 96.7 (±1.9)
* <0.001
** <0.001
*** 0.010

Median (Q1–Q3) 98 (96–98) 98 (95–99) 97 (96–98) § <0.001

Heart frequency (bpm)

Mean (±SD) 78 (±16) 76 (±16) 75 (±14)
* 0.012
** 0.003

*** <0.001

Median (Q1–Q3) 76 (66–88) 76 (66–84) 75 (65–84) § <0.001

Systolic blood pressure (mmHg)

Mean (±SD) 135 (±24) 98 (±21) 115 (±17)
* <0.001
** <0.001
*** <0.001

Median (Q1–Q3) 132 (117–148) 98 (85–107) 117 (105–127) § <0.001

Mean blood pressure (mmHg)

Mean (±SD) 96 (±15) 74 (±14) 84 (±11)
* <0.001
** <0.001
*** <0.001

Median (Q1–Q3) 94 (86–104) 72 (65–81) 83 (76–90) § <0.001

Diastolic blood pressure
(mmHg)

Mean (±SD) 77 (±13) 62 (±12) 69 (±11)
* <0.001
** <0.001
*** <0.001

Median (Q1–Q3) 76 (67–81) 59 (56–67) 66 (65–76) § <0.001

SO2—Oxygen saturation; bpm—heart beats per minute; mmHg—millimeter of mercury; SD—standard deviation;
Q1–Q3—interquartile range; § Friedman-Test; * paired t-test pre-interventional vs. interventional, ** paired t-test
interventional vs. post-interventional, *** paired t-test pre-interventional vs. post-interventional.

During the procedure, average blood pressure dropped from 135/77 mmHg to
98/62 mmHg (p < 0.001). With the end of the sedative effect, the blood pressure rose
back to 115/69 mmHg, still showing a significantly reduced height compared with the
initial value (p < 0.001) (see Table 4).

Regarding blood pressure management, supportive theodrenaline plus cafedrine
application was needed in 64 cases (12.5%). The use of theodrenaline plus cafedrine
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was significantly associated with a reduced mean arterial pressure (see Figure 2). While
periprocedural mean blood pressure was 77 (±14) mmHg in the not-treated cohort, the
mean blood pressure of the theodrenaline plus cafedrine-treated cohort was 60 (±12) mmHg
(p < 0.001). Here, the use of theodrenaline plus cafedrine was significantly associated with
the presence of cardiovascular comorbidities (p = 0.005): While 21.7% of the patients with
cardiovascular comorbidities needed supportive treatment, only 10.5% in the non-comorbid
group received theodrenaline plus cafedrine. Moreover, patients with arterial hypertension
received theodrenaline plus cafedrine more often (i.e., 18.5% vs. 8.6%, p = 0.001). Other
than that, COPD patients were likewise prone to this mild vasopressive therapy (i.e.,
23.4% of the COPD patients vs. 10.9% of the non-comorbid ones, p = 0.008). Other
than that, a general comorbidity severity represented by the ASA score did not associate
with the use of mild vasopressive therapy (p = 0.664) and mean arterial pressure did not
significantly differ between ASA 2, 3, and 4 (i.e., 74.4 ± 13.9 mmHg, 73.8 ± 13.8 mmHg,
and 77.5 ± 13.9 mmHg, respectively, p = 0.295).
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Figure 2. Scatter dot plot: Average Propofol 1% flow rate and periprocedural mean arterial pres-
sure of n = 502 BDcfP sedated patients. Scatter dot plot depicting the average propofol 1% flow
rate (ml/h) in correlation with the periprocedural mean arterial pressure, blue dots: without theo-
drenaline/cafedrine, red dots: with theodrenaline/cafedrine. The black line indicates simple linear
regression with 95% confidence intervals of propofol flow rate in correlation to mean arterial pressure.
Spearman correlation coefficient: r = 0.103 (p < 0.001). The dotted line indicates a critical mean arterial
pressure of 60 mmHg. Of note, the perfusor used allows a maximum flow rate of 99 mL/h. However,
calculatory flow rates may be above this level as boluses are included in the average flow rate.

If compared to a propofol-based approach, the ketamine-based sedation resulted in
significantly higher mean periprocedural blood pressure values (i.e., 97 [±30] mmHg in
the ketamine-cohort vs. 74 [±14] mmHg in the propofol cohort, p = 0.028).

However, propofol flow rate (mL/h) did not correlate with mean arterial pressure
during the intervention (see Figure 2, Spearman correlation coefficient: r = 0.103, p < 0.001).

4.5. Outcome

A total of 70 patients (13.6%) received interventional flexible bronchoscopy/EBUS-TBNA
in an outpatient or day-care hospital setting. The other 443 patients were examined within
an on-ward stay. A total of 311 patients (60.6%) stayed exactly one day and left the hospital
afterward, the other 132 patients stayed longer due to therapeutic interventions. The median
in-hospital stay was 1 (95% CI: 0.937–1.063) day and mean stay was 3.3 (±7.0) days.
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No fatal complications occurred during interventional bronchoscopy. However, one
75-year-old female patient required resuscitation due to a malignant pericardial effusion,
that was not considered hemodynamically relevant via echocardiography directly before
the procedure. Here, during the flexible bronchoscopy, oxygen saturation, as well as blood
pressure, dropped unresponsive to theodrenaline and cafedrine as well as fractioned 1 mg
adrenaline 0.1% intravenously (far left red dot in Figure 2). After emergency drainage
of the pericardium, vital signs consolidated and she was transferred to the intensive
care unit, where she died two days after bronchoscopy from rapidly progressing lung
cancer. Three further patients did not survive the in-hospital stay after but not due to
flexible interventional bronchoscopy and EBUS-TBNA. One patient died due to pre-existing
infectious complications resulting from long-term toxic bone marrow failure following
chemotherapeutic intervention of a late recurrent embryonal carcinoma. Two other patients
died within a week after diagnosis of rapidly progressive SCLC in an in-hospital palliative
radio-chemotherapeutic treatment approach.

5. Discussion

Currently, sedation techniques for interventional bronchoscopy continue to be adopted
from published gastrointestinal endoscopy sedation protocols [1,6]. However, during
bronchoscopy, an inevitable but basically life-threatening airway obstruction might enhance
risks for periprocedural morbidity and mortality. Here, we present retrospective real-world
data on n = 502 patients that underwent flexible interventional bronchoscopy and EBUS-
TBNA via a safe and feasible sedative approach of pethidine/meperidine combined with
continuous flow propofol treatment (BDcfP) mainly provided by a single bronchoscopist
and a well-trained and experienced endoscopy nurse due to personnel shortage.

Proof of concept of a continuous flow application of propofol resulted in higher
absolute propofol doses with a prolonged duration of the intervention (see Figure 1).
Additionally, small midazolam boluses (i.e., 1 mg to 2.5 mg bolus steps) were used as co-
sedatives and propofol-saving agonists [12] (see Figure 1, red dots). However, midazolam
was not correlated to a higher propofol dose or a longer duration of the procedure.

As expected, sedation based on ketamine plus midazolam in n = 10 cases was sig-
nificantly less vasodilative than the pethidine/meperidine plus propofol-based approach
(p = 0.026) and hence has to be considered in patients with a greater risk of hypotension [24].
In detail, pethidine/meperidine plus propofol reduced the mean blood pressure from 96 to
74 mmHg (i.e., −12 mmHg) (paired t-test p < 0.001), while ketamine plus midazolam held
the mean blood pressure at 103 mmHg (i.e., ±0 mmHg) (paired t-test for ketamine plus
midazolam pre-interventional vs. periprocedural, p = 0.987). Though ketamine is known
for bronchodilation, it rarely might cause bronchial spasm [11] and hypersalivation [27,28]
and hence can complicate examination conditions, especially in flexible interventional
bronchoscopy and EBUS-TBNA.

It is unquestionable, that examinations should be performed by bronchoscopists with
sufficient experience in critical care medicine and on different sedative drugs, possible
antidotes, and knowledge of airway and circulation management. Moreover, mild vaso-
constrictive therapy with theodrenaline plus cafedrine is a safe treatment to encounter
sedation-induced intermittent mild hypotension.

Here, via analysis of the use of theodrenaline plus cafedrine, we identified patients at
risk for the development of periprocedural vasodilation. We found patients with arterial
hypertension (p = 0.001), cardiovascular comorbidities (p = 0.005), and COPD (p = 0.008)
at higher risk for hypotension (see Figure 2, red dots). On the contrary, higher propofol
flow rates were not associated with hypotension (see Figure 2, linear regression line). For
the present sedation protocol, these previously mentioned comorbidities seem to be more
relevant in planning sedation and anticipating complications, than the ASA score.

With respect to outcome, solely patients with end-stage lung cancer disease or cancer
treatment-related deficiencies presented intermediate- to short-term fatal outcome, that
was not expedited by the bronchoscopic procedure itself.
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The present data support the use of BDcfP as a safe and feasible sedation technique
for flexible interventional bronchoscopy and EBUS-TBNA even in a limited personnel
approach. Due to a lack of nursing care beds, 70 patients were examined and intervened in
an outpatient or day-case hospital setting—as routinely performed e.g., in the UK [29]—
and further 311 patients (i.e., in sum 74.3% of the analyzed patients) left the examination
site within 24 h after the intervention. Still, full reimbursement of EBUS-TBNA following
German diagnosis-related groups (G-DRG) requires an in-hospital stay for at least one night.

Our real-world retrospective study is limited by its single-center design and descriptive
analysis. Moreover, we are fully aware that the presented personnel shortage might be
critical. Undoubtedly, the rapid involvement of additional medical personnel should be
ensured in case of an unexpected complication during the procedure. Due to turnover in
staff, we have now implemented a permanent second endoscopy nurse at every diagnostic
or interventional bronchoscopy.

Yet, by documenting safe and feasible sedation protocols and identifying risk factors
for periprocedural complications, we can provide insight into state-of-art conditions of di-
agnostics and treatment, even for non-medical workers. Based upon these data, healthcare
decision-makers and politicians should initiate larger and multi-centric proof-of-concept
trials and possibly consider offering full reimbursement for flexible interventional bron-
choscopy and EBUS-TBNA in low-risk patients in an outpatient setting under pre-defined
safety and sedation measures including adequate staffing.

Author Contributions: M.M. initiated the study. The presented data partly derive from the doctoral
thesis of L.S. L.S., J.G. and A.B.S. collected the data. All patients were examined by M.M., G.E. and
A.B.S. Data evaluation was performed by L.S. and A.B.S. D.G. supervised the statistical evaluations.
A.B.S. and G.E. wrote the paper. J.G. and M.M. critically reviewed the paper. All authors are
accountable for all aspects of the work. All authors have read and agreed to the published version of
the manuscript.

Funding: We acknowledge support from the Open Access Publication Fund of the University of Muenster.

Institutional Review Board Statement: The study was performed in concordance with the ethical
approval obtained from the concerned Ethical Committee in Münster [Ref. 2022-453-f-S]. The study
has been carried out in accordance with The Code of Ethics of the World Medical Association
(Declaration of Helsinki). Individuals gave informed consent before interventional procedure. All
authors are accountable for all aspects of the work.

Informed Consent Statement: Informed consent to any diagnostic and interventional procedure
performed was obtained from all subjects involved in the study. As retrospective data analysis is
anonymized, retroactive informed consent for this specific project and analysis was waived due to
ethical necessity of missing traceability.

Data Availability Statement: The data presented in this study are available on reasonable request
from the corresponding author. These data are not publicly available due to ethical concern.

Conflicts of Interest: The authors declare no conflict of interest.

References
1. Wahidi, M.M.; Herth, F.; Yasufuku, K.; Shepherd, R.W.; Yarmus, L.; Chawla, M.; Lamb, C.; Casey, K.R.; Patel, S.; Silvestri, G.A.;

et al. Technical Aspects of Endobronchial Ultrasound-Guided Transbronchial Needle Aspiration. Chest 2016, 149, 816–835.
[CrossRef] [PubMed]

2. Du Rand, I.A.; Barber, P.V.; Goldring, J.; Lewis, R.A.; Mandal, S.; Munavvar, M.; Rintoul, R.C.; Shah, P.L.; Singh, S.; Slade, M.G.;
et al. British Thoracic Society guideline for advanced diagnostic and therapeutic flexible bronchoscopy in adults. Thorax 2011, 66,
iii1–iii21. [CrossRef] [PubMed]

3. Häussinger, K.; Ballin, A.; Becker, H.D.; Bölcskei, P.; Dierkesmann, R.; Dittrich, I.; Frank, W.; Freitag, L.; Gottschall, R.; Guschall,
W.R.; et al. Recommendations for quality standards in bronchoscopy. Pneumologie 2004, 58, 344–356. [CrossRef]

4. A Guideline Program Oncology, (German Cancer Society, German Cancer Aid, “Interdisciplinary S3—Guideline: Prevention,
Diagnostics, Therapy and Aftercare of Lung Cancer”. Guideline Program Oncology 2018. pp. 1–417. Available online:
https://www.awmf.org/uploads/tx_szleitlinien/020-007OL_l_S3_Lungenkarzinom_2018-03.pdf (accessed on 19 March 2023).

https://doi.org/10.1378/chest.15-1216
https://www.ncbi.nlm.nih.gov/pubmed/26402427
https://doi.org/10.1136/thoraxjnl-2011-200713
https://www.ncbi.nlm.nih.gov/pubmed/21987439
https://doi.org/10.1055/s-2004-818406
https://www.awmf.org/uploads/tx_szleitlinien/020-007OL_l_S3_Lungenkarzinom_2018-03.pdf


J. Clin. Med. 2023, 12, 4223 13 of 14

5. Riphaus, A.; Wehrmann, T.; Hausmann, J.; Weber, B.; von Delius, S.; Jung, M.; Tonner, P.; Arnold, J.; Behrens, A.; Beilenhoff,
U.; et al. S3-guidelines “sedation in gastrointestinal endoscopy” 2014 (AWMF register no. 021/014). Z. Gastroenterol. 2015, 53,
802–842. [CrossRef] [PubMed]

6. 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, 647–652. [CrossRef] [PubMed]

7. Sarkiss, M.; Kennedy, M.; Riedel, B.; Norman, P.; Morice, R.; Jimenez, C.; Eapen, G. Anesthesia technique for endobronchial
ultrasound-guided fine needle aspiration of mediastinal lymph node. J. Cardiothorac. Vasc. Anesth. 2007, 21, 892–896. [CrossRef]

8. Matus, I.; Wilton, S.; Ho, E.; Raja, H.; Feng, L.; Murgu, S.; Sarkiss, M. Current Practices Supporting Rigid Bronchoscopy—An
International Survey. J. Bronchol. Interv. Pulmonol. 2022. Advance online publication. [CrossRef]

9. Hautmann, H.; Hetzel, J.; Eberhardt, R.; Stanzel, F.; Wagner, M.; Schneider, A.; Dirschinger, R.; Poszler, A. Cross-Sectional Survey
on Bronchoscopy in Germany—The Current Status of Clinical Practice. Pneumologie 2016, 70, 110–116. [CrossRef]

10. Mak, P.H.K.; Campbell, R.C.H.; Irwin, M.G. The ASA Physical Status Classification: Inter-observer Consistency. Anaesth. Intensive
Care 2002, 30, 633–640. [CrossRef]

11. Li, S.; Sheng, G.; Teng, Y.; Sun, M. Systematic review of anaesthetic medication for ERCP based on a network meta-analysis. Int. J.
Surg. 2018, 51, 56–62. [CrossRef]

12. Seifert, H.; Schmitt, T.H.; Gültekin, T.; Caspary, W.F.; Wehrmann, T. Sedation with propofol plus midazolam versus propofol
alone for interventional endoscopic procedures: A prospective, randomized study. Aliment. Pharmacol. Ther. 2000, 14, 1207–1214.
[CrossRef]

13. Rex, D.K.; Overley, C.; Kinser, K.; Coates, M.; Lee, A.; Goodwine, B.W.; Strahl, E.; Lemler, S.; Sipe, B.; Rahmani, E.; et al. Safety of
propofol administered by registered nurses with gastroenterologist supervision in 2000 endoscopic cases. Am. J. Gastroenterol.
2002, 97, 1159–1163. [CrossRef] [PubMed]

14. Rex, D.K.; Deenadayalu, V.P.; Eid, E.; Imperiale, T.F.; Walker, J.A.; Sandhu, K.; Clarke, A.C.; Hillman, L.C.; Horiuchi, A.; Cohen,
L.B.; et al. Endoscopist-directed administration of propofol: A worldwide safety experience. Gastroenterology 2009, 137, 1229–1237.
[CrossRef] [PubMed]

15. Chrissian, A.A.; Bedi, H. Bronchoscopist-directed Continuous Propofol Infusion for Targeting Moderate Sedation During
Endobronchial Ultrasound Bronchoscopy: A Practical and Effective Protocol. J. Bronchol. Interv. Pulmonol. 2015, 22, 226–236.
[CrossRef]

16. Grendelmeier, P.; Tamm, M.; Pflimlin, E.; Stolz, D. Propofol sedation for flexible bronchoscopy: A randomised, noninferiority trial.
Eur. Respir. J. 2014, 43, 591–601. [CrossRef] [PubMed]

17. Dal, T.; Sazak, H.; Tunç, M.; Sahin, S.; Yılmaz, A. A comparison of ketamine-midazolam and ketamine-propofol combinations used
for sedation in the endobronchial ultrasound-guided transbronchial needle aspiration: A prospective, single-blind, randomized
study. J. Thorac. Dis. 2014, 6, 742–751. [CrossRef] [PubMed]

18. Shafiee, H.; Riahipour, F.; Hormati, A.; Ahmadpour, S.; Habibi, M.A.; Vahedian, M.; Aminnejad, R.; Saeidi, M. Comparison
of the sedative effect of ketamine, magnesium sulfate, and propofol in patients undergoing upper gastrointestinal endoscopy:
Double-blinded randomized clinical trial. CNS Neurol. Disord. Drug Targets 2022, 22, 1259–1266. [CrossRef]

19. Nandagopal, L.; Veeraputhiran, M.; Jain, T.; Soubani, A.O.; Schiffer, C.A. Bronchoscopy can be done safely in patients with
thrombocytopenia. Transfusion 2016, 56, 344–348. [CrossRef]

20. Abuqayyas, S.; Raju, S.; Bartholomew, J.R.; Abu Hweij, R.; Mehta, A.C. Management of antithrombotic agents in patients
undergoing flexible bronchoscopy. Eur. Respir. Rev. 2017, 26, 170001. [CrossRef]

21. Pathak, V.; Allender, J.E.; Grant, M.W. Management of anticoagulant and antiplatelet therapy in patients undergoing interventional
pulmonary procedures. Eur. Respir. Rev. 2017, 26, 170020. [CrossRef]

22. Lo, Y.-L.; Lin, T.-Y.; Fang, Y.-F.; Wang, T.-Y.; Chen, H.-C.; Chou, C.-L.; Chung, F.-T.; Kuo, C.-H.; Feng, P.-H.; Liu, C.-Y.; et al.
Feasibility of Bispectral Index-Guided Propofol Infusion for Flexible Bronchoscopy Sedation: A Randomized Controlled Trial.
PLoS ONE 2011, 6, e27769. [CrossRef]

23. Edelson, J.C.; Edelson, C.V.; Rockey, D.C.; Morales, A.L.; Chung, K.K.; Robles, M.J.; Marowske, J.H.; Patel, A.A.; Edelson, S.F.D.;
Subramanian, S.R.; et al. Randomized Controlled Trial of Ketamine and Moderate Sedation for Outpatient Endoscopy in Adults.
Mil. Med. 2022. Online ahead of print. [CrossRef]

24. Tokmak, S.; Cetin, M.F.; Torun, S. Efficacy and safety of endoscopic retrograde cholangiopancreatography in the very elderly by
using a combination of intravenous midazolam, ketamine and pethidine. Geriatr. Gerontol. Int. 2021, 21, 887–892. [CrossRef]
[PubMed]

25. Becker, D.E.; Haas, D.A. Recognition and Management of Complications During Moderate and Deep Sedation. Part 2: Cardiovas-
cular Considerations. Anesth. Prog. 2011, 58, 126–138. [CrossRef] [PubMed]

26. Zhang, J.; Guo, J.-R.; Huang, Z.-S.; Fu, W.-L.; Wu, X.-L.; Wu, N.; Kuebler, W.M.; Herth, F.J.F.; Fan, Y. Transbronchial mediastinal
cryobiopsy in the diagnosis of mediastinal lesions: A randomised trial. Eur. Respir. J. 2021, 58, 2100055. [CrossRef]

27. Cole, J.B.; Moore, J.C.; Nystrom, P.C.; Orozco, B.S.; Stellpflug, S.J.; Kornas, R.L.; Fryza, B.J.; Steinberg, L.W.; O’Brien-Lambert, A.;
Bache-Wiig, P.; et al. A prospective study of ketamine versus haloperidol for severe prehospital agitation. Clin. Toxicol. 2016, 54,
556–562. [CrossRef]

https://doi.org/10.1055/s-0041-109680
https://www.ncbi.nlm.nih.gov/pubmed/26751118
https://doi.org/10.1055/s-0031-1291395
https://www.ncbi.nlm.nih.gov/pubmed/22083288
https://doi.org/10.1053/j.jvca.2007.09.017
https://doi.org/10.1097/LBR.0000000000000881
https://doi.org/10.1055/s-0041-110288
https://doi.org/10.1177/0310057X0203000516
https://doi.org/10.1016/j.ijsu.2018.01.018
https://doi.org/10.1046/j.1365-2036.2000.00787.x
https://doi.org/10.1111/j.1572-0241.2002.05683.x
https://www.ncbi.nlm.nih.gov/pubmed/12014721
https://doi.org/10.1053/j.gastro.2009.06.042
https://www.ncbi.nlm.nih.gov/pubmed/19549528
https://doi.org/10.1097/LBR.0000000000000187
https://doi.org/10.1183/09031936.00200412
https://www.ncbi.nlm.nih.gov/pubmed/23900984
https://doi.org/10.3978/j.issn.2072-1439.2014.04.10
https://www.ncbi.nlm.nih.gov/pubmed/24976998
https://doi.org/10.2174/1871527321666220831093652
https://doi.org/10.1111/trf.13348
https://doi.org/10.1183/16000617.0001-2017
https://doi.org/10.1183/16000617.0020-2017
https://doi.org/10.1371/journal.pone.0027769
https://doi.org/10.1093/milmed/usac183
https://doi.org/10.1111/ggi.14252
https://www.ncbi.nlm.nih.gov/pubmed/34427037
https://doi.org/10.2344/0003-3006-58.3.126
https://www.ncbi.nlm.nih.gov/pubmed/21882989
https://doi.org/10.1183/13993003.00055-2021
https://doi.org/10.1080/15563650.2016.1177652


J. Clin. Med. 2023, 12, 4223 14 of 14

28. Cole, J.B.; Klein, L.R.; Nystrom, P.C.; Moore, J.C.; Driver, B.E.; Fryza, B.J.; Harrington, J.; Ho, J.D. A prospective study of ketamine
as primary therapy for prehospital profound agitation. Am. J. Emerg. Med. 2018, 36, 789–796. [CrossRef] [PubMed]

29. Pillai, A.; Medford, A.R.L. Greater physician involvement improves coding outcomes in endobronchial ultrasound-guided
transbronchial needle aspiration procedures. Respiration 2013, 85, 417–421. [CrossRef]

Disclaimer/Publisher’s Note: The statements, opinions and data contained in all publications are solely those of the individual
author(s) and contributor(s) and not of MDPI and/or the editor(s). MDPI and/or the editor(s) disclaim responsibility for any injury to
people or property resulting from any ideas, methods, instructions or products referred to in the content.

https://doi.org/10.1016/j.ajem.2017.10.022
https://www.ncbi.nlm.nih.gov/pubmed/29033344
https://doi.org/10.1159/000346574

	Introduction 
	Material and Methods 
	Study Collective 
	Safety Measurements and Procedure 

	Statistical Analysis 
	Results 
	Baseline Characteristics 
	Procedural Characteristics and Use of Sedation 
	Performed Interventions and Complications 
	Management of Vital Parameters during the Intervention 
	Outcome 

	Discussion 
	References

