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Abstract: Biopsying lung tumours with endobronchial access in patients with respiratory impairment
is challenging. However, fine needle aspiration with the endobronchial ultrasound-endoscope via the
oesophagus (EUS-B-FNA) makes it possible to obtain tissue samples without entering the airways. Safety of
EUS-B-FNA in these patients has not earlier been investigated prospectively. Therefore, this study aimed
at assessing feasibility and safety of EUS-B-FNA from centrally located tumours suspected of thoracic
malignancy in patients with respiratory insufficiency. The study is a prospective observational study. Patients
with indication of EUS-B-FNA of centrally located tumours and respiratory impairment defined as modified
Medical Research Council (nMRC) dyspnoea scale score of >3, saturation <90% or need of continuous
oxygen supply were included prospectively in three centres. Any adverse events (AEs) were recorded during
procedure and 1-hour recovery. AEs were defined as hypoxemia (saturation <90% or need for increased
oxygen supply) or any kind of events needing intervention. Late procedure-related events were recorded
during 30-day follow-up. Between April 1, 2020 and January 30, 2021, 16 patients were included. No severe
AEs (SAEs) occurred, but AEs were seen in 50% (n=8) and 13% (n=2) of the patients during procedure and
recovery respectively. AEs included hypoxemia corrected with increased oxygen supply and in two cases
reversal of sedation. Late procedure-related events were seen in 13% (n=2) and included prolonged need
of oxygen and one infection treated with oral antibiotics. In this cohort, EUS-B-FNA of centrally located
tumours was safe and feasible in patients with respiratory impairment, when examined in the bronchoscopy
suite. A variety of mostly mild and manageable complications may occur, a few even up to 30 days post-

procedure.
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Introduction

Endobronchial ultrasound-guided transbronchial needle
aspiration (EBUS-TBNA) and endoscopic ultrasound-
guided fine needle aspiration (EUS-FNA) are recommended
for accessing mediastinal lymph nodes and centrally located
lung tumours in patients suspected of lung cancer (1). These
structures can also be biopsied with the use of FNA with the
EBUS-endoscope via the oesophagus (EUS-B-FNA) (1-4).

EUS-B-FNA gives access to several locations both in
thorax and below the diaphragm (5-8).

The safety of EBUS-TBNA/EUS-(B)-FNA is generally
high with adverse events (AEs) reported in less than 1% (9),
and no serious complications have been described (10).
Obviously, some complications may occur (9,11,12) for
example respiratory failure in relation to EBUS-TBNA (13).
Thus, pre-existing respiratory failure in patients needing
endobronchial biopsy may be a clinical challenge (14). The
benefit of EUS-B-FNA in these patients has been described
in case reports and series (15-18) and as a subgroup of
18 patients in a recent large retrospective study (19).

Furthermore, EUS-B-FNA was associated with less
frequent events of oxygen desaturation compared with
EBUS-TBNA in a randomized study of patients without
pre-existing respiratory impairment (20) with similar
results in a retrospective study (5). However, there is a
paucity of prospective data with systematic reporting of
how patients with respiratory impairment tolerate EUS-B-
FNA. Therefore, we assessed the safety and feasibility and
of the EUS-B-FINA procedure in these patients. We present
this article in accordance with the STROBE reporting
checklist (available at https://jtd.amegroups.com/article/
view/10.21037/jtd-22-1705/rc).

Methods
Study design and patients

The study was a prospective observational feasibility study,
following the STROBE checklist, performed in three
Danish centres (Zealand University Hospitals, Roskilde and
Naestved, and Odense University Hospital).

Consecutive patients admitted for diagnostic work-
up of tumours (lung lesions or thoracic lymph nodes)
suspected of malignancy were considered eligible if: (I)
lesion located adjacent to the oesophagus; (II) EUS-B-
FNA of the tumour was considered (by the operator) the
least and only invasive procedure to provide diagnostic
clarification; (III) respiratory impairment at referral [defined
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as either peripheral oxygen saturation (SpO,) level of <90%,
requirement of continuous oxygen supply to maintain SpO,
>90%, or modified Medical Research Council (mMRC)
dyspnoea scale score of >3]; and (IV) local tumour board
advised a biopsy to diagnose potentially treatable conditions.

Outcomes

Primary outcome: proportion of patients with procedure-
related AEs either during the procedure, recovery (1-hour
post-procedure), or 30-day follow-up.

Secondary outcomes: diagnostic yield.

The EUS-B procedure

We used a flexible ultrasound bronchoscope in combination
with a linear ultrasound scanning transducer (Olympus BF-
UC 190-F or UC 180-F) 19-, 21- or 22-G needles were
used for aspirations (21- or 22-G Olympus ViziShot or
19-G ViziShot Flex; all; Olympus Medical Systems Europe,
Ltd., Hamburg, Germany).

The patient was in a supine position and in conscious
sedation with midazolam and if indicated additional
fentanyl/sufentanil. An oral approach was chosen if a
nasal approach was not possible. Topical xylocaine 2%
was applied in nostrils or on the mouthpiece and on the
endoscope tip. At a few centimetres above the vocal cords
the endoscope was slightly retracted, turned left and
posteriorly before advancing carefully without pressure into
the oesophagus while encouraging the patient to swallow.
Either a structured (4,21) or targeted approach was used
depending on the clinical situation. At least two FINA passes
were made from each tumour in order to produce both
smears and a coagulum. Rapid on-site evaluation was not
available. All aspirates were processed for both cytological
smears and cellblock analysis.

The procedures were performed by eight different
operators all with several years’ experience both in the
EUS-B and EBUS procedure. No prophylactic antibiotics
were used.

Patient safety monitoring

Procedure time, medications used, oxygen supply and vital
signs were recorded prospectively (22):

(I) Pre-procedure (5-10 min before): respiratory rate

(RR), oxygen saturation (Sa0,; pulse-oximetry),

oxygen supply (flow in L/min), blood pressure (BP),
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heart rate (HR);

(II) During the procedure: SaO,, oxygen supply
(L/min), HR (3-lead electrocardiogram) were
monitored continuously and recorded every 5 min,
whereas RR and BP were measured at least every
5 min;

(III) Post-procedure (at 5, 10, and 30 min): RR, SaO,,
oxygen supply (L/min), BP, HR;

(IV) Recovery period (at 30-60 min post-procedure):
vital parameters only recorded if an intervention
was needed.

Nasal oxygen supply was not administered routinely but
added/increased if SaQ, decreased below basis level, see
above.

We recorded the following from the electronic patient
medical charts at day 30: post-procedure related events,
30-day mortality, final cytopathological diagnosis and
follow-up.

Definitions of events

AEs during the procedure were defined as any of the
following: decline in SpO, to <90% (or further declines
below baseline if baseline was below 90%) during >30 s or
increase in oxygen supply (hypoxemia); change >20% from
baseline in RR, HR, or BP requiring intervention (23,24);
and any other episode requiring intervention such as, but
not limited to, pain or bleeding.

Severe AEs (SAEs): escalation of care level, need for
backup from anaesthesiologist on call, or respiratory or
cardiac arrest.

Transient changes of >20% in vital parameters (RR,
HR, or BP) from baseline not requiring intervention were
recorded but not considered as AE/SAE.

AEs during recovery (1-hour post-procedure): any AE
or SAE, as mentioned above, including pain with need of
analgesics assessed to be related to the procedure.

Late AEs (after recovery to 30 days after procedure)
were retrieved from electronic patient medical charts: any
episode requiring treatment, re-admission or prolonged
admission judged to be procedure-related by treating doctor
or investigators such as, but not limited to, pneumothorax,
respiratory infection, or mediastinitis.

Definitions of adequacy and diagnostic yield

Sample adequacy: sufficient material for cytopathological
evaluation, and for lymph node samples either presence of

© Journal of Thoracic Disease. All rights reserved.

3967

lymphocytes or malignant cells.
Samples with a non-malignant diagnosis without
confirmation or follow-up were considered false-negative.
Diagnostic yield: (number of true positive samples)/(total
number of samples).

Ethics

The study did not include any interventions or
randomization. The study was conducted in accordance
with the Declaration of Helsinki (as revised in 2013). The
study was approved by the regional scientific ethics system
and the Danish Data Protection Agency (ID numbers: SJ-
803 and REG-105-2019). All patients gave their verbal and

written consent to participate.

Statistics

A sample size of 16 patients was considered sufficient
to assess feasibility and most data is presented at a
descriptive level (23,25) as mean with standard deviation
for normally distributed continuous variables, or as
median and interquartile range (IQR) for variables with a
skewed distribution. For comparison of related variables, a
Friedman’s test was performed. Significant differences were
further analysed pairwise using Wilcoxon signed ranks test.
A P value of <0.05 was considered significant. Analyses were
performed using SPSS software version 27 (IBM®, Armonk,
NY, USA).

Results
Patients

We included 16 patients between 1 April 2020 and 30
January 2021. Eight hospitalized patients continued
hospitalization after the procedure, and eight out-patients
were discharged after the procedure. Table 1 shows that
respiratory impairment was completely or partially caused
by tumour-compression in the majority (n=9, 56%). Severe
dyspnoea (mMRC >3) was common (n=14, 88%) and
supplementary oxygen was needed prior to EUS-B by 9
(56%) increasing to 14 (88%) patients during the procedure.
Fourteen patients (88%) were diagnosed with malignancy,
and twelve with primary lung cancer. Lung cancer stage
varied between IIB and IV with seven patients having stage
1V disease.

The biopsied lesions included mediastinal lymph nodes,
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Table 1 Demographics Table 2 Additional procedure-related information

Variables Value Procedure related information Value
Patients, n 16 Completed procedure, n (%) 16 (100.0)
Age (years), mean + SD 73.1:8.4 Procedure time' (min), median [IQR] 15 [10-20]
Sex (female) (%) %63 Time to discharge (min), median [IQR] 76 [57-83]

mMRC dyspnoea scale score, n (%)
Structures biopsied*, n

0 0 (0.0

1 1(6.3) Tumour

2 1(6.3) Mediastinal 3

3 8 (50.0) Intrapulmonary (LLL and RUL) 3

4 6 (37.5) Mediastinal lymph nodes® 11
ECOG performance status, n (%) Structures biopsied pr procedure, median 1[1-3]

0 2 (12.5) [range]

1 4 (25.0) Medications during procedure

2 2 (12.5) Midazolam, n (%) 15 (93.8)

3 8 (50.0) Median dose (range) (mg) 2.0 (1.1-2.9)
FEV1 (% of expected), mean + SD 37.9+12.5 Fentanyl, n (%) 3(18.8)

NA, n 4 .

Median dose (range) (ug) 25.0 (12.5-25.0)
Cardiopulmonary comorbidities, n (%)
Sufentanil, n (%) 5(31.3)

COPD 10 (62.5)

Interstitial lung disease 1(6.3) Median dose (range) (g) 502550

Cardiac insufficiency 2 (12.5) Other medications during procedure, n (%) 0(0.0)
Main reason for respiratory impairment, n (%) Medications after procedure, n (%)

Subacute tumour related 5(31.3) Vaporized short-acting bronchodilators 1(6.3)

Chronic respiratory failure 7 (43.8) Flumazinil 2(12.9)

Both 4 (25.0) T, time from insertion to removal of the endoscope; *, number
Final diagnosis, n (%) exceeds total number of patients, as one patient had biopsied

from both; §, lymph node stations: 4L, 4R, 5, 7 and 8. IQR,

Malignant—primary pulmonary interquartile range; LLL, left lower lobe; RUL, right upper lobe.

Adenocarcinoma 4 (25.0)
Squamous cell carcinoma 3(18.8)
Small cell lung cancer 3(18.8) mediastinal tumour and intrapulmonary tumours with
Non-small cell lung cancer NOS 2 (12.5) mediastinal invasion or pleural contact (1able 2).
Malignant—other
Lymphoma 1(6.2) Safety during procedure and recovery
Metastasis, anal cancer 162 Table 3 shows median oxygen supply and SaO, during
Non-malignant procedure and recovery. We observed significant changes
Sarcoidosis 1(6.2) in oxygen supply—but not in median vital parameters—
Non-specific 1(6.2) with higher oxygen supply during EUS-B compared with
SD, standard deviation; mMRC, modified Medical Research before or during recovery (Wilcoxon signed ranks test,
Council; ECOG, Eastern Cooperative Oncology Group; FEV1, post-hoc pairwise comparison, P values <0.05) (Table S1).
forced expiratory volume in 1 s; NA, not available; COPD, Episodes with vital parameter changes >20% were common:
chronic obstructive pulmonary disease; NOS, not otherwise observed in 88% (n=14) during and in 63% (n=10) after the

specified.

procedure (Table S2).
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Observations Oxygen supply' (L/min), median [IQR]

Sa0, (%), median [IQR] Number of measurements

Baseline 1.5[0.0-3.0]
During procedure
5 min 3.0 [2.0-4.0]
10 min 3.0 [2.0-4.0]
15 min 2.0 [2.0-3.5]
20 min 3.0 [2.0-4.0]
25 min 4.0
Post-procedure
5 min 2.0[0.0-3.8]
10 min 2.0 [0.0-3.0]
30 min 2.0[0.0-3.0]

94 [89-94] 16
94 [91-96] 16
94 [90-98] 16

96 [94-100] 9
97 [94-99] 5

96 1
94 [91-98] 16
96 [92-98] 16
94 [92-97] 16

', nasal cannula. IQR, interquartile range; Sa0,, oxygen saturation.

Table 4 AEs during procedure and post-procedure

AEs During Post- .
procedure  procedure
Total number of AEs, n 12 3
Hypoxemia 10 3
Decreased systolic BP 1 0
Decreased RR and somnolence 1 0
Procedures with AEs, n (%) 8 (50.0) 2 (12.5)
SAEs, n 0 0

T, within 1-hour post-procedure. AE, adverse events; BP, blood
pressure; RR, respiratory rate; SAE, severe AE.

Primary endpoints

AEs

No SAEs were observed. During the procedure, 12 AEs
occurred in 8 (50%) patients, predominantly hypoxemic
events (1able 4). All AEs happened within the first 15 min
of the procedures, and all were managed satisfactorily by
the endoscopy team. Eight cases of hypoxemia were treated
with increased oxygen supply alone. Two cases of hypoxemia
in one patient, secondarily to breath holding triggered by
nausea and gag reflex, were treated with oxygen supply
and continuous breathing instructions by the endoscopist.
The procedure was successfully completed as the patient
did not vomit or aspirate. One patient with hypoxemia and
decreased systolic BP was treated with oxygen supply and
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intravenous flumazenil. One patient with decreasing RR
during the procedure and post-procedural somnolence was
treated with intravenous flumazenil alone.

Of the eight patients with AEs, three were hospitalized
prior to, and after the procedure.

During the 1-hour post-procedure recovery, three AEs
were observed in 2 (13%) patients—all were hypoxemic
events that were treated by the endoscopy team (7able 4).
Two cases (onset within 30 min) were treated with increased
oxygen supply. One case (onset after 30 min) was treated
with oxygen supply and inhalation of vaporized short-acting
bronchodilators. All but one patient had returned to pre-
procedure condition 60 min after ended EUS-B.

30-day follow-up

A total of five events were identified (one prolonged need
of oxygen supply, one infection, one intensive care unit
(ICU) admission, two hospitalizations) however only the
first two were considered as likely procedure-related by
treating physicians and research group. Thus, proportion of
procedure-related AEs was 13% (2/16).

Likely EUS-B-related events

Prolonged oxygen treatment: one in-patient treated with

flumazenil (see above) needed supplementary oxygen for

3 hours after ended EUS-B without any impact on length of

hospitalization or other consequences.
Infection/pneumonia: one in-patient experienced fever

and increased blood C-reactive protein (CRP) (78 mg/L) on
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Figure 1 Patient biopsied with EUS-B-FNA. (A) Patient with
massive mediastinal masses prior to EUS-B-FNA. CT scan
showed a mediastinal tumour with partial compression of the
trachea, the left main bronchus and the left pulmonary artery
causing respiratory impairment with increasing need of oxygen
supply. The tumour was biopsied with EUS-B-FNA. (B) Effect
of the treatment is shown in the CT scan 1 week after treatment
initiation. The tumour size was reduced by half, respiratory
condition had improved and the patient no longer needed
supplementary oxygen. EUS-B-FNA, fine needle aspiration with
the endobronchial ultrasound-endoscope via the oesophagus; CT,

computed tomography.

day 5 post-procedure and was treated with oral antibiotics
without prolonging admission. There was no radiological or
microbiological confirmation of infection.

Unlikely EUS-B-related events

ICU: one patient was admitted a week earlier due to rapidly
progressive breathlessness and clinical deterioration without
pre-existing cardiopulmonary disease. Supplementary
oxygen (3 L/min; nasal cannula) was needed to keep
saturation >90%, and clinicians considered lymphoma
likely and that EUS-B was the only tolerated procedure to
diagnose the massive mediastinal masses (Figure I). A few
hours after an uncomplicated EUS-B procedure, progressive
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tumour pressure symptoms (partial compression of airways
and the left pulmonary artery) were treated in the ICU
with non-invasive ventilation. Acute analysis of the EUS-
B-FNA sample was consistent with high-grade malignant
lymphoma. High-dose glucocorticoid and chemotherapy
was consequently commenced resulting in marked clinical
response i.e., discharge from the hospital and cessation of
supplemental oxygen therapy.

Hospitalization: two out-patient cases were hospitalized
within 30 days due to their advanced cancer without relation
to the endoscopic procedure.

Secondary endpoints

All planned procedures were completed. 7able 2 shows
additional procedure information.

All 16 EUS-B-FNA samples were adequate. Diagnostic
yield was 81% with a malignant diagnosis in 13 patients,
who were referred for cancer therapy without further
invasive procedures.

In three patients EUS-B-FNA did not yield a specific
diagnosis. Two needed further biopsying after clinical
improvement; one patient had lung cancer diagnosed in
a lesion not reachable by EUS-B-FNA and another had
non-caseating granulomas without malignancy found by
mediastinoscopy (final diagnosis: sarcoidosis). The last
patient had suspected post-reactive pulmonary changes
with clinical improvement. Thus, EUS-B-FNA detected
malignancy in 93% (13/14) of cases with a final diagnosis of
malignancy.

Of the six patients diagnosed with either adenocarcinoma
or non-small cell lung cancer not otherwise specified, 5
(83%) patients had analyses for oncodriver markers and
programmed death-ligand 1 (PD-L1) performed.

Discussion

In this prospective cohort we assessed the safety of EUS-
B-FNA for centrally located tumours in a selected group of
patients with significant respiratory challenges.

Though based on a limited number of patients, our
results indicate high overall safety of EUS-B-FNA in
patients with respiratory impairment examined in the
bronchoscopy suite without anaesthesiologist present.
Almost all patients experienced self-limiting changes
>20% in vital parameters not needing interventions,
but continuous monitoring of vital signs allowed early
recognition of persistent changes and thus early correction
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of AEs with simple measures. All AEs were handled by the
regular bronchoscopy staff with standard care interventions:
oxygen supply, and benzodiazepine reversal.

Several systematic reviews on lung cancer work-up
report an overall AE incidence of <2% during EBUS,
EUS or EUS-B (2,9,10,26) with similar event rates (1-4%)
in prospective studies with systematic AE registration
including hypoxemia (12,20,24). Data on respiratory
challenged patients are scarce but suggest that hypoxemia
during endoscopic procedures occurs more frequently in
populations with chronic obstructive pulmonary disease
or other pre-disposing diseases in both bronchoscopy
(14,22,27,28) and gastrointestinal endoscopy (29).

We found an AE incidence of 50% during procedure
and 13% during recovery with the majority being
hypoxemia handled with increased oxygen supply. In order
to investigate what kind of events to expect in this group
of patients, we chose very conservative definitions of
AEs to capture even minor signals concerning safety that
probably is below the detection level of reporting of AEs
in retrospective studies (23,24). Indeed, our patients were
at risk of developing AEs: mean forced expiratory volume
in 1 s (FEV1) 38%, poor performance, hospitalization, and
chronic respiratory failure with need for oxygen supply.

Several studies describe hypotension and bradycardia
as sedation-related events (23,30,31). We used low-dose
benzodiazepine and synthetic morphine to diminish the risk
of further respiratory impairment (30,32,33). We observed
2 patents (13%) with probable sedation-related AEs since
they were efficiently reversed with antidote. Furthermore,
one patient experienced nausea and gag-reflexes, which
are well-known AEs in gastroenterological endoscopy
and possibly caused by sedatives, especially opioids (34).
However, our design does not allow us to assess to what
extend our AEs were related to either the procedure itself,
the sedation or both.

During the 30-day follow-up, only minor procedure-
related AEs not affecting treatment were seen in 13%.
Though, we cannot know if EUS-B affected admission
time in hospitalized patients, the diagnostic clarity provided
by the procedure, contributed significantly by enabling
targeted treatment and care.

We found a diagnostic yield of 81%, which is comparable
with that of EUS-B-FNA in patients without respiratory
insufficiency (3,20), and in the same proportion of patients,
EUS-B-FNA as a single procedure offered diagnostic clarity
sufficient for treatment decision without need of further
invasive procedures.
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Strengths to our study include that this, to our knowledge,
is the first prospective cohort study that systematically
reports how patients with respiratory impairment tolerate
EUS-B-FNA with detailed procedure related events.
Furthermore, we investigated EUS-B-FNA as a single
procedure, thus no other procedures influenced the results.
Additionally, it was a three-centre study with eight EUS-B
operators, suggesting a high level of external validity.

There are several limitations. Firstly, considering the
general low complication rate of endoscopic procedures,
the sample size is too small to conclude safety statistically.
However, patients fulfilling the inclusion criteria are luckily
quite rare. It would be interesting to reproduce our findings
in larger series and in other centres. We did not randomize
the patients to more burdensome procedures as for example
EBUS-TBNA or surgery, since it seemed unethical as EUS-
B-FNA in each patient was chosen as a “back-against-the-
wall-option”.

In conclusion, EUS-B-FNA of centrally located
tumours was feasible and safe in this cohort of patients
with respiratory impairment, when examined in the
bronchoscopy suite. A variety of mostly mild and
manageable complications occurred, a few even up to
30 days post-procedure.
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