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Severe pulmonary edema occurred during
endobronchial ultrasound under monitored
anesthesia care
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Background: Endobronchial ultrasound (EBUS) is widely used to diagnose lung cancer.
Monitored anesthesia care (MAC) can enhance patient comfort and procedural conditions
during EBUS. EBUS under MAC is usually safe but can lead to various complications.

Case: A 34-year-old male who had increased sputum for two months showed an enlarged
paratracheal lymph node and planned for lymph node biopsy by EBUS. During EBUS under
MAC, an unexpected oxygen saturation decline required intervention. After intubation, copi-
ous frothy fluid was suctioned from the bronchi, and oxygenation was recovered. A narrowed
trachea and the EBUS bronchoscope might have resulted in upper airway obstruction, and
suction performed under these conditions might have caused pulmonary edema. The pa-
tient received non-invasive ventilation and high-flow nasal cannula and recovered without
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Conclusions: When there is an expected risk of upper airway obstruction during EBUS, care-
ful preoperative evaluation and preparation are essential to prevent negative pressure pul-
monary edema.
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Integrating endoscopy and ultrasound in endobronchial
ultrasound (EBUS) enhances the depiction of mediastinal
structures and facilitates the observation of parabronchial
anatomy. This results in a more accurate selection of sites
for transbronchial sampling and reduces biopsy sampling
errors [1]. The outer diameter of EBUS (6.3-6.9 mm) is larger
than that of a conventional bronchoscope (4.9-6.0 mm).
EBUS with transbronchial needle aspiration (TBNA) is a

commonly used technique for diagnosing, staging, and re-
staging suspected or confirmed non-small cell lung cancer
cases. TBNA is also used for sampling mediastinal lymph-
adenopathy, masses, pulmonary nodules, and endobron-
chial lesions. Compared with mediastinoscopy or percuta-
neous needle biopsy, EBUS-TBNA is less invasive, making it
an advantageous option [2].

During the EBUS-TBNA procedure, sedatives are adminis-

This is an Open Access article distributed under the terms of the Creative Commons Attribution Non-Commercial License (http://creativecommons.org/licenses/by-nc/4.0) which permits
unrestricted non-commercial use, distribution, and reproduction in any medium, provided the original work is properly cited.

Copyright © the Korean Society of Anesthesiologists, 2023



https://doi.org/10.17085/apm.23085
http://crossmark.crossref.org/dialog/?doi=10.17085/apm.23085&domain=pdf&date_stamp=2023-10-31

Anesth Pain Med Vol. 18 No. 4

tered because a thicker scope is used than a standard bron-
choscope, has a longer procedure time, and biopsy can be
challenging because of patient movement. The type of seda-
tion can vary from minimal sedation to general anesthesia,
depending on the institution [3,4]. EBUS-TBNA is typically
performed under monitored anesthesia care (MAC) at our
hospital. This report describes a case of unexpected severe
pulmonary edema during EBUS-TBNA for paratracheal
lymph node biopsy under MAC.

CASE REPORT

Written informed consent was obtained to publish this
case report from the patient. The Institutional Review Board
waived the review of this case report (IRB No. 2023-03-017).

A 34-year-old male (169.4 cm, 66.7 kg) presented to the
hospital with persistent sputum for 2 months. He had no
specific underlying disease and was not taking any medica-
tions. Chest computed tomography (CT) revealed multiple
enlarged nodes in the mediastinum. We planned to perform
EBUS under MAC, targeting moderate sedation that allows
spontaneous ventilation in conjunction with a high-flow na-
sal cannula (HFNC). Before the procedure, the patient’s vital
signs were stable, with a blood pressure of 119/83 mmHg,
heart rate of 88 beats per min, respiratory rate of 20 breaths
per min, oxygen saturation (SpO,) of 98%, and body tem-
perature of 36.3°C. During the procedure, HENC (Optiflow
THRIVE, Fisher & Paykel Healthcare) was used to supply ox-
ygen with a fraction of inspired oxygen (FiO,) of 1.0 and a
flow of 40 L/min. Sedation was achieved with a bolus of
remimazolam 5 mg and a target-controlled infusion of
remifentanil at a target site concentration of 2.0 ng/ml. Be-
fore the procedure started, the patient’s sedation level was
confirmed to be moderate. During the procedure, remima-
zolam was administered in bolus doses of 2.5 mg as needed
(a total of 20 mg used) to maintain sedation depth, and
remifentanil was adjusted to a range of 2.0-3.0 ng/ml.

The patient had an enlarged lymph node (4.9 x 4.1 cm) in
the right paratracheal area on chest CT, resulting in tracheal
narrowing (7.3 mm) (Fig. 1). No problems were encountered
while inserting the flexible bronchoscope (BF-H290, Olym-
pus), which had a 5.7 mm diameter, and no specific abnor-
malities were found in the entire bronchus. During the sub-
sequent EBUS (BF-UC260FW, Olympus) insertion with a 6.9
mm diameter, mild resistance was encountered. The proce-
dure started with bronchial suctioning for secretion removal
to ensure a clear visual field. About 3 min after the insertion
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of the EBUS, the patient’s spontaneous breathing was main-
tained, but SpO, began to decrease below 90%. The proce-
dure was stopped, and we applied a jaw thrust maneuver.
However, as the saturation decreased, the EBUS broncho-
scope was removed, and a jaw thrust was continued. How-
ever, the patient exhibited weak self-respiration, and SpO,
rapidly decreased to approximately 30%. Bag-mask ventila-
tion was immediately started, but the inspiratory pressure
was high, and end-tidal CO, (EtCO,) was also inconsistent,
indicating inefficient ventilation. Within 1-2 min, SpO, slow-
ly increased to 90%, but it did not increase further despite
FiO, of 1.0. No secretions were observed on oral suction. We
planned to reinsert the flexible bronchoscope to evaluate
the cause of hypoxia. However, because SpO, was main-
tained at approximately 90% with positive-pressure mask
ventilation, we thought it would be difficult to advance the
bronchoscope with MAC, which has an insecure airway and
depends on self-respiration. Therefore, we decided to pro-
ceed with bronchoscopy under mechanical ventilation after
intubation. Because the biopsy site was not easily accessible
after endotracheal tube (ETT) insertion owing to its location
close to the vocal cord, the operator asked for a supraglottic
airway device. However, the authors decided to use an ETT,
considering the patient might require high positive airway
pressure. To facilitate intubation, we administered an addi-
tional 50 mg of propofol and 40 mg of succinylcholine. After
successful intubation with an ETT with an internal diameter
of 7.5 mm, a large amount of pink frothy fluid was regurgitat-
ed through the ETT, and SpO, was restored to 95% after tra-
cheal suction. Although continuous secretion was regurgi-

Fig. 1. Chest computed tomography. The diameter of the trachea
is decreased due to an enlarged right paratracheal lymph node.
Red arrow: enlarged lymph node, White arrow: narrowed trachea
(internal diameter 7.3 mm).
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tated, SpO, was maintained at approximately 90-95% with
FiO, of 1.0. A bronchoscopic exam revealed a large amount
of frothy fluid throughout the bronchi (Fig. 2), and sufficient
suction was performed. The patient could maintain SpO,
without high positive-pressure ventilation after sufficient
suction during bronchoscopy. The peak inspiratory pressure
was reduced from 26 to 20 mmHg after bronchoscopic toi-
leting of the secretion, at a tidal volume of 450 ml, respirato-

ry rate of 14/min, and positive end-expiratory pressure

Fig. 2. Bronchoscopy view after intubation, there are many bubbles
in the entire bronchus.

(PEEP) of 5 cmH,0. Subsequently, for the paratracheal
lymph node biopsy, we administered propofol 20 mg and
succinylcholine 30 mg, followed by the replacement of the
ETT with a size 4 supraglottic airway device (i-gel, Intersur-
gical Ltd., UK). Biopsy using an EBUS bronchoscope was
performed while maintaining positive-pressure ventilation
through a supraglottic airway device. SpO, was maintained
around 90% with FiO, of 1.0 for the duration of the proce-
dure. After the procedure, the patient was extubated, and
HFNC with FiO, of 1.0 and flow rate of 40 L was applied,
maintaining SpO, above 90%. In the post-anesthesia care
unit, the patient coughed severely and expectorated pink
frothy sputum in a sitting position, but SpO, was maintained
at approximately 95%. We gradually reduced the FiO, and
flow rate to 0.75 and 30 L in 30 min while maintaining SpO,
of 95%. The patient was transferred to the intensive care
unit. Chest radiography after transfer showed bilateral pul-
monary edema (Fig. 3).

Overnight non-invasive ventilation was applied with in-
spiratory positive airway pressure of 11 cmH,O (above PEEP:
5 cmH,0), expiratory positive airway pressure of 6 cmH,O
and FiO, of 0.4 on the day of the procedure, and HFNC (FiO,
of 0.4 and a flow rate of 40 L/min) was maintained on post-
operative day (POD) 1. On POD 2, the patient's SpO, was
above 90% using HFNC, so the patient was transferred to the
general ward. The patient’s SpO, was maintained at 98% in
the general ward using HFNC and subsequently switched to
nasal prongs with an oxygen flow rate of 3 L. The target SpO,

Fig. 3. Chest radiography. (A) Pre-procedure: right paratracheal opacity, (B) post-procedure: multifocal ground-glass and nodular opacity are

scattered in both lung fields, suggesting pulmonary edema.
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was 94%, and O, was successfully tapered up to 1 L of oxy-
gen. On POD 3, the patient's SpO, was above 95% without
supplemental O,. With no additional issues, the patient was
discharged on POD 5.

DISCUSSION

EBUS is generally considered a safe procedure but may
lead to various complications. Complications can be broadly
classified into two categories: procedure-related and seda-
tion-related. Procedure-related complications include agita-
tion, cough, blood at the puncture site, pneumothorax,
bronchospasm, and laryngospasm. Moderate bleeding has
been reported in 1% of cases, and pneumothorax has been
reported in less than 4% [5]. Sedation-related complications
include respiratory depression with hypoxia or hypercarbia,
cardiovascular instability, and inadequate sedation [6].
These complications can frequently result in desaturation
either alone or in combination.

The primary cause of severe acute desaturation in this
case was pulmonary edema, rather than commonly report-
ed causes. Despite thorough suctioning via the ETT and the
need for extensive bronchoscope-assisted suctioning, pink
frothy sputum persisted in the recovery room, indicating se-
vere pulmonary edema. In patients with upper airway ob-
struction, negative pressure pulmonary edema (NPPE) can
occur when accompanied by high negative intrathoracic
pressure (NIP) [7]. NPPE occurs more frequently in healthy
young individuals who can generate large NIP, and up to
12% of NPPE cases occur after upper airway obstruction [8].
This patient had a tracheal narrowing due to a paratracheal
lymph node. Moreover, considering the diameter of the
EBUS bronchoscope and the resistance encountered during
insertion, it might have sealed the trachea and made an up-
per airway obstruction. In such a situation, spontaneous
ventilation with high NIP can potentially contribute to NPPE
and cannot be completely ruled out. However, we adminis-
tered MAC with sufficient sedatives and opioids that sup-
pressed cough and excessive ventilatory drive. No excessive
ventilation or significant paradoxical movements of the tho-
rax or abdomen that could generate negative pressure until
the desaturation event was observed. Therefore, we consid-
ered that continuous suctioning during the EBUS procedure
in patients with narrow or obstructed upper airways could
generate high, continuous NIP, which might be a possible
cause of NPPE. In adults, suction pressure is recommended

to be below negative 200 mmHg [9]. The suction used during
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EBUS had a maximal negative pressure of 500 mmHg,
meaning that approximately 200 mmHg would be applied in
an open cavity. While this may not be a problem in an open
cavity, it could lead to high NIP if there is upper airway ob-
struction. One case similar to ours has been reported, in
which pulmonary edema occurred due to suction during
bronchoscopy in an infant [10].

There are other factors that can lead to upper airway ob-
struction, such as laryngospasm and bronchospasm. This
could potentially be a cause of desaturation and may also
serve as another potential contributor to NPPE. Stimulation
of the larynx and bronchus by the bronchoscope, especially
with inadequate sedation, can cause airway irritation, lead-
ing to spasms [11]. In this case, the high peak inspiratory
pressure and the inaccurate capnography waveform during
the initial bag-mask ventilation after the desaturation event
may suggest the possibility of airway spasm. This could be
one of the factors contributing to the initial desaturation and
may also be another factor in upper airway obstruction lead-
ing to NPPE.

MAC itself can also cause upper airway obstruction and
desaturation. Respiratory depression with hypoxia or hyper-
carbia is a common side effect when sedatives and opioids
are used together during the procedure [12]. In our case, we
maintained an adequate sedation level, preserving sponta-
neous breathing, and the initial SpO, was well maintained
when a flexible bronchoscope was used during the proce-
dure before EBUS. Howevey, it is difficult to completely ex-
clude the effect of a compromised airway by MAC.

While it is unlikely to be the cause in our case, the follow-
ing reasons could potentially contribute to desaturation
during EBUS. Prolonged suctioning during bronchoscopy
can cause further de-recruitment and atelectasis, leading to
post-procedural hypoxemia [13]. Bleeding can cause desatu-
ration. During the bronchoscopic biopsy, a small amount of
bleeding can occur at the puncture site. Almost all bleeding
events are resolved with conservative treatment [14]. In
some cases, such blood and mucus can create atelectasis
and airway obstruction, leading to desaturation, which may
require bronchial washing. Pneumothorax can also cause
desaturation [15].

Performing EBUS-TBNA under MAC has several advan-
tages. An anesthesiologist can perform a preoperative air-
way evaluation and consult with the operator in advance.
Proper selection and dose adjustment of sedatives and anal-
gesics by an anesthesiologist can reduce hemodynamic in-

stability and aid in airway reflex suppression. Most impor-
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tantly, the presence of an anesthesiologist during the proce-
dure allows for quick intervention and accurate airway man-
agement in an unexpected event. However, even with skilled
anesthesiologists present, efforts such as using a nasal air-
way, monitoring sedation depth with tools like bispectral in-
dex, and confirming ventilation with end-tidal CO, may be
necessary for early detection of complications and precise
drug administration. Furthermore, prior to any broncho-
scopic procedure where airway stability cannot be guaran-
teed, a more detailed pre-anesthetic evaluation, including
airway, trachea, and lung condition assessment, should be
conducted to anticipate potential issues.

In conclusion, when performing EBUS-TBNA under MAC,
various causes of desaturation events can occur. Unexpected
pulmonary edema, as observed in this case, can occur, espe-
cially when there are anatomical issues in the upper airway.
Anesthesiologists should focus on more detailed preopera-
tive evaluations and vigilant monitoring to prevent compli-
cations.
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