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Abstract

Endobronchial ultrasound guided transbronchial needle aspiration
(EBUS-TBNA) is usually performed under general anesthesia or deep
sedation with drugs such as Propofol that, at least in Italy, can be ad-
ministered only by an anesthesiologist. Aim of the study was to assess
conscious sedation feasibility, safety and tolerability using meperidine
and midazolam as administered by Pulmonologist and relevant impact
on the efficiency of the sampling procedures.

All patients undergoing EBUS-TBNA from February 2013 to July 2014
were examined retrospectively. Efficiency using Meperidine and Mida-
zolam during EBUS-TBNA has been assessed: completion of lymph-
nodal sampling, sampling adequacy, diagnostic yield, cough during en-
doscopic procedure complications and need for procedure repetition
with Anesthesiology assistance. Patient satisfaction and cost/effective-
ness were also evaluated. One hundred and thirty-four consecutive pa-
tients were considered; 97.7% completed the procedure. In 96.9% of
cases the prefixed program of lymph-nodal sampling was accomplished.
Sampling adequacy was 92,4%. Diagnostic yield was 55%. In 94.7% of
cases cough was absent or did not interfere with EBUS-TBNA. The
need to repeat the endoscopic procedure occurred in 6 cases but only in
2 the presence of an Anesthesiologist was required. Patient satisfac-
tion was very high, with 95.9% of subjects reporting they would “defi-
nitely return”. A 27% cost reduction was calculated. EBUS-TBNA under
conscious sedation using Meperidine and Midazolam prescribed and
administered by pulmonologist without the Anesthesiologist assis-
tance, revealed to be a safe, well tolerated and cost saving procedure.
The efficiency of sampling was good, apart from a relatively low diag-
nostic yield due to different expertise of operators.

Introduction

Endobronchial ultrasound guided transbronchial needle aspiration
(EBUS-TBNA) is a minimally invasive well-established technique for
mediastinal and hilar lymph node or mass diagnosis [1-3] and for lung
cancer staging [4] that allows a tissue sampling more accurate than
blind transbronchial needle aspiration (TBNA) [5].

The size of the EBUS-TBNA instrumentation requires oral introduc-
tion that is associated with low patient satisfaction and tolerability
[6]; as a consequence, EBUS-TBNA has been traditionally performed
under general anesthesia or deep sedation [7,8] with drugs such as
Propofol that, at least in Italy, have to be administered by an Anesthe-
siologist [9,10]. Due to a general shortage of health resources, in par-
ticular qualified health professionals, the present number of Anesthe-
siologists is hardly sufficient to guarantee assistance during all inva-
sive diagnostic procedures. In the setting of gastro-intestinal en-
doscopy, effective sedation protocols have been developed that can be
administered and monitored without anesthesiology support, inducing
only a level of sedation defined as moderate or conscious, allowing the
patient to maintain ventilatory and cardiovascular function and in the
same time the ability to make purposeful responses to verbal or tactile
stimulation [11]. One of these protocols combines the sedative and
amnesic properties of midazolam, a short-acting benzodiazepine, with
the antitussive and analgesic properties of meperidine, an opioid
agent [9, 10]. The possibility for the pulmonologist to work without
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signs were monitored for at least 1 h. Outpatients were discharged with
an adult responsible for driving the patient home, and with a recom-
mendation to avoid driving for the following 24 h. After the procedure
flumazenil was administered to all outpatients. Sampling was always
started from the lymph-nodal station entailing the most advanced
staging: we initiated at N3 regions followed by N2 and N1 regions ac-
cording to the recent guidelines for acquisition and preparation of
EBUS-TBNA specimens [12]. At our institution, cytology Rapid On Site
Evaluation (ROSE) in not usually available [14]. 

The duration time of the procedure and the number of passes were
registered. At the end of the procedure a questionnaire on cough was
administered to the patient by the bronchoscopist or an assisting
nurse. Two hours later, the patient filled in a 5 point Likert scale on the
acceptance and willingness to repeat the procedure. A cost evaluation
comparing the 2 different protocols (without and with anesthesiology
assistance) was carried out using standard costs according to current
administrative tables. 

Statistics

Data descriptive of the study population are reported as mean ±
standard deviation (SD) or range as specified in text or tables.

Results

From February 2013 to July 2014, 134 consecutive patients under-
went EBUS-TBNA during conscious sedation with meperidine and mi-
dazolam. Patients’ characteristics and indications for EBUS-TBNA are
reported in Table 1.

Among 134 patients eligible for EBUS-TBNA, 131 (97.8%) completed
the procedure; in one patient a low peripheral oxygen saturation
(SpO2) induced to stop the exam, in two patients agitation occurred
that was not controlled by Meperidine and Midazolam.

Procedural data on the 131 completing EBUS-TBNA is reported in
Table 2.

As the primary endpoint: the lymph-nodal sampling was completed in
127 (96.9%) out of 131 patients. For two of the four dropping out pa-
tients the endoscopist was not able to identify all the lymph-nodal sta-
tions according to CT/PET images; hemorrhage in a third case and
tachyarrhythmia in the fourth induced to stop the endoscopic proce-
dure before the sampling being completed. Sampling adequacy was
92.4% (121 out of 131 patients).

the assistance of other specialists would allow an optimization in the
use of human resources in a period of anesthesiologist shortage.

This study aimed to assess conscious sedation feasibility, safety and
tolerability using meperidine and midazolam as administered by pul-
monologist and relevant impact on the efficiency of the sampling pro-
cedures. 

Materials and Methods 

The study was a retrospective analysis of data of all the patients that
from February 2013 to July 2014 underwent EBUS-TBNA at our hospital
for diagnosis and/or staging of mediastinal or hilar lymphadenopathy or
paratracheal or peribronchial mass (PET positive or with a short axis ≥1
<3 cm). A criterion of selective sampling of suspicious nodes only was
adopted, corresponding to grade C in the classification of thoroughness
levels in American College of Chest Physicians guidelines [12]. 

The primary endpoint was the completion of the prefixed lymph-
nodal sampling.

Secondary endpoints were:
1) the sampling adequacy, defined as specimens demonstrating pres-

ence of lymph-nodal tissue or lymphocytes with or without atypical
cells 

2) diagnostic yield (number of procedures leading to a definite diag-
nosis/total number of procedures); definite diagnoses were consid-
ered as the sum of true positive and true negative cases (confirmed
by mediastinoscopy or surgery or imaging follow up at 2 years).

3) complications occurring before or during EBUS-TBNA 
4) need for repetition of the endoscopic procedure
5) patient satisfaction
6) cost effectiveness

Local institutional review board approved this study; all patients had
signed a formal informed consent to the procedure and to the possible
use of data for research.

EBUS-TBNA was performed alternatively by one of the four special-
ists of our endoscopic unit. The period on evaluation (2013-2014) in-
cluded the early phase of the learning curve with bronchoscopists
having a different level of expertise on EBUS-TBNA. Patients under-
going EBUS-TBNA were either hospitalized or outpatients. Topical
anesthesia was administered with Lidocaine 2% [9]. Conscious seda-
tion was obtained with intravenous (i.v.) Meperidine and Midazolam.
In particular, patient received an initial i.v. bolus of 50 mg Meperidine.
Supplement of 10 mg Meperidine, if necessary, were administered in
order to achieve a total maximum dosage of 1 mg/Kg. An initial Mida-
zolam 2.5 mg i.v. bolus was followed by bolus of 1 mg in order to obtain
an adequate patient sedation, considering a maximum dosage of 0.1
mg/Kg [9,10). EBUS-TBNA was performed with real-time ultrasound
biopsy bronchoscope (BF-UC180F OL8, Olympus, Tokyo, Japan) 7,5 -
MHz linear ultrasound transducer was linked to a processor. Trans-
bronchial needle biopsies were performed with a dedicated 22 gauge
needle (NA 201SX-4022 Olympus, Tokyo, Japan). 

With the patient on a supine position, the bronchoscope was intro-
duced through the mouth during the induction of conscious sedation
administered by an assisting nurse [10[. Oxygen saturation, ECG,
heart rate, blood pressure, vital signs and the thoracic cage excursion
were monitored throughout the procedure according to bronchoscopy
BTS guidelines [10[. Supplemental oxygen was administered as
needed, in order to maintain a target SaO2 >94% In case of persistent
desaturation the use of antagonists (flumazenil and naloxone for ben-
zodiazepines and opioids, respectively) was considered. The anesthe-
siologist was quickly available in case of emergency. At the conclusion
of the procedure, the patient was brought to the recovery room. Vital
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Table 1. Characteristics sof patients with an indication for EBUS-TBNA.

Male, n (%) 92 (68.7)

Female, n (%) 42 (31.3)

Age, years - mean (SD) 64.7 (13.3)

Weight, Kg - mean (SD) 74.3 (14.8)

Indication for EBUS-TBNA, n (%)
– Pleural or pulmonary disease and lymphadenopathy 96 (71.6)
– Isolated mediastinal lymphadenopathy 30 (22.4)
– Paratracheal or peribronchial mass (T) with or without 

mediastinal lymphadenopathy 8 (6)
– EBUS-TBNA, unplanned, n (%) 78 (58.2)
– EBUS-TBNA, planned, n (%) 32 (23.9)
– TBNA, n (%) 21 (15.7)
– repeated EBUS-TBNA 3 (2.2)
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Diagnostic yield: the most common diagnosis was malignancy
(51/131 38.9%), followed by sarcoidosis in 6 cases (4.6%) and tubercu-
losis in one (0.8%), globally accounting for a true positive yield of
44.3%. Non-diagnostic sampling was 48.1%: in 13 cases (9.9%) the
presence of anthracotic lymph node fragments was observed and in 50
patients (38.2%) the specimens showed lymphocytes with or without
atypical cells. 

Among 63 patients whose sampling was adequate but ineffective for
diagnosis, evaluations continued in 26 cases (4 EBUS, 2 EUS, 20 sur-
gery / mediastinoscopy): overall, 14 true negative and 12 false negative
cases (6 lung cancer metastases, 3 lymphomas, 3 necrotizing granu-
lomas) were observed. The sum of true positive and true negative cases
(i.e., overall diagnostic yield) was 55%. Adverse events before EBUS-
TBNA 3 adverse events were registered: in one case (0.7%) a severe
SpO2 desaturation soon after drug administration prevented to start the
procedure; in 2 patients (1.7%) agitation occurred that was not con-
trolled by Meperidine and Midazolam. 

During EBUS-TBNA adverse events occurred in 7 patients: five sub-
jects (3.7%) presented a transient tachyarrhythmia with spontaneous
resolution; in one patient hemorrhage occurred after needle puncture;
in one patient, a severe peripheral SpO2 desaturation rapidly resolved
with Flumazenil and Naloxone administration.

The need to repeat the endoscopic procedure with an anesthesiolo-
gist occurred only in two of the 134 subjects (1.5%), in one case to per-
form EBUS-TBNA, in the second case to continue the diagnostic proce-
dure with transbronchial biopsies. 

Patient satisfaction in 121 out of 131 patients rated as very high:
among the patients who answered to the questionnaire, 116 (95.9% of
121) reported they would “definitely return” for EBUS-TBNA in the fu-
ture if required, two patients would “probably” return, one was “un-
sure” and two answered that they “definitely would not return” for
EBUS-TBNA. 

Coughing in 94.7% of cases (124 out of 131 patients) was absent or
did not interfere with EBUS-TBNA. In 7 patients (5.3%) cough inter-
fered with the sampling of lymph nodes and caused a significant delay
of the endoscopic procedure. 

The procedure carried out without anesthesiology assistance was
associated with a cost reduction of 27% (Table 3).

Discussion

Moderate or conscious sedation during EBUS-TBNA permits the con-
trol of cough and movements providing a comfortable setting for the
bronchoscopist and allowing to complete the endoscopic procedure in
the shortest time as possible; at the same time conscious sedation has
the advantage of preserving protective airway reflexes and pulmonary
function, while permitting the patients to follow verbal instructions. We
were also supported in our practice by the long experience of gastroin-
testinal endoscopy in using this kind of sedation, including our hospital
[11], and by the absence in literature of clear evidence demonstrating
a superior efficiency of general anesthesia or deep sedation during
EBUS-TBNA [13, 15-17]. 

To our knowledge very few reports have been published evaluating
the efficacy of Meperidine and Midazolam used alone or in combina-
tion during bronchoscopy and especially during EBUS-TBNA [18, 19).
At present, there is not a single, well established method of anesthesia
universally used during EBUS-TBNA.

In our experience EBUS-TBNA under moderate sedation with
meperidine and midazolam seems to be an effective procedure, apart
from a relatively low diagnostic yield. The lymph nodal sampling was
not completed only in four cases (3,1%) out of 131 patients. The sam-
pling adequacy was 92.4% (121/131) in agreement with data previously
published [17,20]. 

Among those 10 cases (7,6%) with inadequate sampling eight oc-
curred in the first year of our EBUS-TBNA experience so these data can
be explained by limited skills during the early phase in the use of EBUS
by our endoscopists. The importance of the learning curve in the im-
plementation of endoscopic ultrasound application and parallel im-
provement of diagnostic yield have been clearly demonstrated [21].
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Table 2. Procedural data on 131 patients completing EBUS-TBNA.

Procedure time, min - mean (SD) 29 (10.5)

Sedative doses, mg - mean (SD)
– Midazolam, mg 4.8 (1.3)
– Meperidine, mg 56.1 (16.7)

Lymph node stations sampled, n (%)
– 7 65 (32.2)
– 4R 56 (27.7)
– 4L 22 (10.9)
– 11R 16 (7.9)
– 10L 9 (4.5)
– 2R 8 (3.9)
– 10R 8 (3.9)
– 11L 5 (2.5)
– 12R 3 (1.5)
– 3 1 (0.5)
– 1 1 (0.5)
– T 8 (4)

Number of lymph node stations sampled 
per patient - mean (range) 1.5 (1-4)

Number of passes per patient, mean (range) 3.6 (1-7)
T, Paratracheal or parabronchial masses. 

Table 3. Cost variations comparing general anesthesia versus conscious sedation.

General anesthesia Cost, € Moderate sedation Cost, €

Personnel 1 anesthesiologist / 1.5 h 90
1 pulmonologist / 1.5 h 90 1 pulmonologist / 1 h 60
2 nurses / 1.5 h 78 2 nurses / 1 h 52

Disposables and drugs 239 189
Equipment 950 950
Indirect costs 180 180
Hospitalization 336 0
Total costs 1963 1431
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In conclusion, EBUS-TBNA under conscious sedation using meperi-
dine and midazolam prescribed by Pulmonologist without the Anesthe-
siologist assistance revealed to be a safe, well tolerated and cost saving
procedure. The efficiency of sampling was good, apart from a relatively
low diagnostic yield due to different expertise of operators in the first
phase of the learning curve at our unit.
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