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Background: Sample adequacy for immediate molecular
testing is paramount in lung cancer. To date, several
endobronchial ultrasound with transbronchial needle
aspiration (EBUS-TBNA) sampling setups have been
evaluated, however, the utilization of high-pressure suc-
tion (HPS) has not yet been reported. The aim of this
study was to evaluate the utilization of HPS onto the
needle and its effect on sample volume and adequacy for
molecular testing in patients with suspected lung cancer.

Methods: We retrospectively analyzed 128 consecutive
EBUS-TBNA performed for suspected lung cancer. This
was confirmed in 109 patients. Other diagnoses confirmed
in 12, and 7 referred for surgery. Sixty-three patients (89
targets) had HPS (May to September 2020), and compared
with 46 (72 targets) who had standard vacuum syringe
suction (October 2019 to March 2020). Several parameters
and outcomes evaluated, such as number of needle passes,
needle strokes, needle size, target size, positron emission
tomography avidity, procedure time, blood content score,
sample volume, adequacy for molecular testing, as well as
baseline patient characteristics and complication rate.

Results: There was no difference between the 2 groups in all
baseline parameters and characteristics. In multivariable

analysis, HPS was associated with significantly higher
sample volume (11.2 vs. 9.1mm3, P=0.036) and less
additional procedures to achieve full molecular profiling (2/
52 vs. 7/40, P=0.042), in necrotic targets of non−small
cell lung cancer. Diagnostic yields were comparable.

Conclusion: HPS appears to be simple, no-cost, and safe,
promising higher sample volume compared with vacuum
syringe suction, and also appears to be associated with
higher success of full molecular testing with less additional
procedures, in non−small cell lung cancer necrotic targets.
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L ung cancer remains one of the biggest chal-
lenges for health care, with ∼50,000 cases

annually in the United Kingdom. Molecular
marker “reflex testing” has become the “gold
standard” following any tissue biopsy in suspected
cases, allowing for patient stratification to targeted
therapies. With the diagnosis and treatment
pathways becoming shorter, such as the NHS
England approved National Optimal Lung Can-
cer Pathway (49 d to definitive treatment),1 as well
as the implementation of national lung cancer
screening programmes, it is paramount that
patients are given the best possible opportunity to
get full results with 1 procedure. Endobronchial
ultrasound with transbronchial needle aspiration
(EBUS-TBNA) has been the cornerstone for
diagnosis and mediastinal lymph node staging in
suspected lung cancer (depending on disease stage)
for almost a decade. Various techniques of sam-
pling have been evaluated, including syringe suc-
tion/no suction,2–4 stylet/no stylet,5 as well as
rapid on-site evaluation,6 in an effort to increase
the sample size, diagnostic yield, and enable
molecular testing. However, to our knowledge, the
use of a high-pressure suction setup connecting
directly onto the EBUS-TBNA needle has not
been investigated.DOI: 10.1097/LBR.0000000000000798
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OBJECTIVES
In this retrospective study, we aimed to eval-

uate the feasibility of immediate molecular testing,
sample volume, and diagnostic yield of our local
practice with EBUS-TBNA utilizing high-pressure
suction (HPS) directly onto the needle, compared
with the conventional standard vacuum syringe
suction technique (VSS), in patients with sus-
pected lung cancer undergoing the procedure for
either diagnosis, staging, or both.

METHODS
We retrospectively screened 145 consecutive

EBUS-TBNA procedures performed under con-
scious sedation (intravenous midazolam and
alfentanil) in our unit between October 1, 2019
and September 30, 2020 (Fig. 1). Of those, 17 were
excluded as the indication for the procedure was
benign disease, infection, or other primary
malignancy. One hundred twenty-eight patients
had EBUS-TBNA for suspected lung cancer
(diagnosis, staging, or both). Of those, 4 con-
firmed benign disease and 5 confirmed metastases

from a different primary cancer, and excluded, as
no molecular profiling specific for lung cancer was
done. Seven patients referred directly for curative
surgery according to their disease stage, hence
excluded as the lack of complete molecular
profiling would not change their management. We
finally analyzed 109 EBUS-TBNA confirmed lung
cancer cases. Due to a change in our local pro-
tocol based on quality improvement project
results, in the latest 63 consecutive procedures
performed for suspected lung cancer (89 targets
sampled) between May 2020 and September 2020
we used HPS, and compared it to a group of 46
consecutive procedures performed for suspected
lung cancer (72 targets sampled) in which we used
VSS, between October 2019 and March 2020. No
EBUS-TBNA procedures performed during April
2020 due to the “peak” of the coronavirus disease
2019 pandemic and associated restrictions. All
procedures were performed by 2 experienced
operators (> 500 procedures combined experi-
ence), assisted by 3 experienced endoscopy nurses
(A.C., J.H., and J.M.). For all procedures we used

145 EBUS-TBNA procedures
(October 2019 – September 2020)

66 with Vacuum Syringe Suction
October 2019 – March 2020

79 with High Pressure Suction
May – September 2020

6 patients excluded (referred for
granulomatous disease,

tuberculosis, other 
primary malignancies)

11 patients excluded (referred for
granulomatous disease,

tuberculosis, other
primary malignancies)

73 performed for suspected
lung cancer

55 performed for suspected
lung cancer

3 with other malignancy
confirmed on histology

4 with granulomatous
inflammation / benign

lymphoid tissue

2 with other malignancy
confirmed on histology

3 with granulomatous
inflammation / benign

lymphoid tissue

66 with confirmed lung cancer 50 with confirmed lung cancer

4 patients referred directly
for curative surgery

3 patients referred directly
for curative surgery

63 lung cancer patients
included for analysis

46 lung cancer patients 
included for analysis

HPS (89 targets) and VSS (72 targets)
groups analysed and compared

FIGURE 1. Study flow diagram. EBUS-TBNA indicates endobronchial ultrasound with transbronchial needle aspiration;
HPS, high-pressure suction; VSS, vacuum syringe suction.
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the Olympus Slim EBUS bronchoscope (BF-
UC290F), with Olympus dedicated needles. We
utilized B-Mode in combination with the “built-
in” function of elastography (ELST) to assess for
necrosis in all 161 targets. We aimed for an opti-
mum number of ≥ 3 needle passes per target, with
≥ 50 needle strokes per pass, taking into account
patient comfort, safety and feasibility. Complica-
tion rate was monitored and reported as per
standard operating procedure of our unit.

Procedural Technique

Standard VSS Setup
In this standard technique, after successful

puncture of the target, the stylet is removed after
a few strokes to expel any possible bronchial
epithelial plug, and then the 20 mL VacLoc
(Merit Medical Systems Inc., South Jordan, UT)
vacuum syringe included in the needle pack is
attached securely on the needle driver. The pre-
set syringe suction is applied and sampling begins
(Fig. 2). When the standard number of needle
strokes within the target is completed, the needle
is removed and the sample retrieval process
begins. The process is repeated for ≥ 3 passes
and ≥ 50 strokes per pass at each target.

HPS Setup
In our technique variation, the standard

20 mL “VacLoc” syringe is not being used.
Instead, the standard suction tubing (1.5 m
length, 6mm inner diameter), which normally
during the procedure connects the suction chan-
nel of the bronchoscope with the wall-mounted
suction for airway clearance, is tightly connected
on the needle driver. This connection is only brief
(for the duration of the needle sampling), and at
a set suction pressure of 40 kPa. The inner dia-
meter of the suction tube allows it to stay tightly
fitted on the needle driver throughout the sam-
pling process, without extra input required from
the operator (Fig. 3). When the standard number
of needle strokes is completed, the suction tubing
is connected back on the channel of the bron-
choscope to allow airway clearance and bleeding
control if needed, the needle is removed and the
sample retrieval process begins. The process is
repeated for ≥ 3 passes and ≥ 50 strokes per pass
at each target.

Histopathology
All EBUS-TBNA histology samples (needle

cores) were expelled, by using the stylet, from the
needle directly into 10% neutral buffered

FIGURE 2. Standard vacuum syringe sampling setup. A, Wall suction tubing connected to the suction channel outlet of
endobronchial ultrasound scope. B, Endobronchial ultrasound with transbronchial needle aspiration needle and balloon
syringe connected. C, Standard VacLok vacuum syringe connected on endobronchial ultrasound with transbronchial
needle aspiration needle, set at 20mL.
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formalin pots (CellStor). We do not have rapid
on-site evaluation capacity in our endoscopy. A
“needle rinse” was then obtained by expelling
any remainder of the sample into Cytolyt
(methanol-based buffered preservative) for cyto-
logic cell block preparation. On histopathologic
examination, a blood content score was assigned
to each sample pot by the receiving histopathol-
ogist who was blinded to the sampling technique
used, based on a preagreed visual score (0 to 2,
0= no visible blood, 1= light red shading, 2= red
shading).7 The “needle core” biopsies were then
filtered through a cassette, the sample volume
was measured by calipers,8 and embedded in
paraffin blocks. For anaplastic lymphoma kinase
(ALK) testing, immunohistochemistry (IHC) was
performed using the Ventana ALK (D5F3) IHC
test (CE-IVD), “Ultra” platform. For epidermal
growth factor receptor (EGFR) testing, mutation
analysis performed by real-time polymerase
chain reaction using the Roche COBAS EGFR
mutation test (CE-IVD) (42 mutations in exons
18 to 21). For ROS1, IHC was performed using
the “Cell Signaling Technology” ROS1 D4D6
Rabbit monoclonal antibody, on the Ventana

Benchmark “Ultra” system. For programmed
death ligand 1 (PD-L1) testing, tumor material
was tested with the Dako PD-L1 IHC 22C3
pharmDx test. All 161 histopathology samples
were processed by the same technicians, and
reports were generated by 2 experienced lung
histopathologists. Success of molecular testing
was defined as the completion of all appropriate
testing that would affect patient management, as
agreed in the multidisciplinary team meeting.

Statistical Analysis
Descriptive analysis was used according to the

type of variables. Categorical variables were com-
pared as the count and percentage using χ2 tests. A
diagnostic procedure was defined as “achieving
specific diagnosis via EBUS-TBNA,” and diagnostic
yield was calculated for both groups. We used 1-way
multivariate analysis of covariance to compare the
HPS with the VSS group, with “sample volume” as
the outcome, adjusting for 4 variables [target size,
number of needle strokes, number of needle passes,
and positron emission tomography (PET) avidity].
To avoid the very common “overfitting” issue with
such models, we set with a conservative variable
number of “1/20” for the 86 overall necrotic targets
analyzed. As the initial 1-way multivariate analysis
of covariance showed statistical significance with
satisfactory Wilks’ lambda, we proceeded with
individual 1-way analysis of covariances for varia-
bles, and Bonferroni correction, before reporting
final P-values. We used aMantel-Haenszel model to
test for differences in number of additional proce-
dures needed to complete molecular analysis in
appropriate cases. Statistical analysis carried out
using IBM SPSS Statistics, version 25.0 (SPSS,
Chicago, IL). The analysis was approved as a
service evaluation from the hospital committee
(no. 236.19-20).

RESULTS
There was no statistically significant differ-

ence between the HPS and VSS baseline patient
group characteristics (Table 1). Intravenous
sedation doses used in both groups were similar.
The mean number of needle passes performed
was no different between the 2 groups either
(P= 0.141), and the same applies to the overall
needle strokes per target (P= 0.461). We did not
observe a statistical difference in the mean pro-
cedure time, with 28.4 minutes for the HPS
group, compared with 26.7 minutes for the VSS
group (P= 0.526). The 90-day mortality observed
in both groups was 0%, there were no

FIGURE 3. High-pressure suction setup. The wall suction
tubing is disconnected from the suction outlet of the
endobronchial ultrasound scope, and connected directly
onto the endobronchial ultrasound with transbronchial
needle aspiration needle instead.
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pneumothoraces overall (0%), with comparable
bleeding (minor) rates of 0.3% and 0.4% (in HPS
and VSS groups, respectively). The median blood
content score did not differ between the 2 groups
(1.42± 0.34 vs. 1.36± 0.23, HPS and VSS,
respectively, P= 0.202) (Fig. 4). From the 161
targets sampled, necrosis was confirmed (by
B-Mode and ELST combined), in 58.4% (HPS
group) and 47.2% (VSS group) of targets, which
was not statistically significant (P= 0.157).

Histopathologic diagnoses were similar, with
non−small cell lung cancer (NSCLC) being the
most common [82.5% in HPS (52) and 86.9% (40)
in VSS group]. Within those 92 NSCLC cases,
there was an even distribution of subtypes
between the 2 groups, with 67 cases of “adeno-
carcinoma” (37 in HPS, 29 in VSS), and 26 with
“squamous differentiation” (15 in HPS, 11 in

TABLE 1. Baseline Cohort Characteristics of Patients Who Had EBUS-TBNA With a Suspicion of Lung Cancer, and Their
Diagnoses

HPS Group (N= 73) VSS Group (N= 55) P

Age 59 ( ± 11.9) 62 ( ± 9.2) 0.156
Female [n (%)] 32 (50.8) 21 (45.6) 0.593
WHO performance status 1.8 ( ± 0.52) 1.7 ( ± 0.46) 0.30
Current smokers [n (%)] 51 (69.8) 39 (84.8) 0.597
Indication of EBUS-TBNA [n/N (%)]
Diagnosis 36/73 (49.3) 30/55 (54.5) 0.916
Staging 4/73 (5.4) 3/55 (5.4) 0.989
Both 33/73 (45.3) 22/55 (40.1) 0.962

Other malignancy confirmed [n/N (%)] 3/73 (4.1) 2/55 (3.6) 0.921
1 breast 1 breast

1 colorectal 1 b-cell lymphoma
1 esophageal

Granulomatous changes/lymphoid tissue [n/N (%)] 4/73 (5.4) 3/55 (5.4) 0.99
Lung cancer confirmed [n/N (%)] 66/73 (90.4) 50/55 (90.9) 0.988
Non−small cell lung cancer [n/N (%)] 52/63 (82.5) 40/46 (86.9) 0.957
Adenocarcinoma [n/N (%)] 37/52 (71.1) 29/40 (72.5) 0.651
Squamous [n/N (%)] 15/52 (28.8) 11/40 (27.5) 0.99
Small cell lung cancer [n/N (%)] 8/63 (12.6) 4/46 (8.7) 0.510
PET positive targets [n (%)] 74 (83.1) 64 (88.9) 0.297
Target FDG (SUVmax ± SD) 4.3 ( ± 2.6) 4.8 ( ± 2.2) 0.357
Target size (mm) 16.3 ( ± 6.4) 14.7 ( ± 5.9) 0.197
Midazolam (mg) 2.04 ( ± 0.38) 2.08 ( ± 0.34) 0.571
Alfentanil (mcg) 591.67 ( ± 180.14) 583.54 ( ± 167.74) 0.811
Procedure time (min) 28.4 ( ± 13.1) 26.7 ( ± 14.7) 0.526
Needle size 19 G [n (%)] 1 (1.1) 3 (4.2) 0.210
Needle size 21 G [n (%)] 84 (94.3) 68 (94.4) 0.978
Needle size 22 G [n (%)] 4 (4.5) 1 (1.4) 0.261
No. needle passes 3.82 ( ± 0.71) 3.67 ( ± 0.54) 0.141
No. needle strokes 48.6 ( ± 3.2) 49.2 ( ± 6.8) 0.461
Target necrosis present overall [n (%)] 52 (58.4) 34 (47.2) 0.157
Target necrosis present in NSCLC [n (%)] 35 (67.3) 18 (45) 0.032*

*Statistically significant P values.
χ2 Test was used for comparison, with P< 0.05 considered statistically significant.
EBUS-TBNA indicates endobronchial ultrasound with transbronchial needle aspiration; FDG, fluorodeoxyglucose; HPS, high-pressure suction; NSCLC,

non−small cell lung cancer; PET, positron emission tomography; SUVmax, maximum standardized uptake value; VSS, vacuum syringe suction; WHO, World
Health Organization.
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FIGURE 4. Blood content score allocated based on sam-
ple appearance in formalin pot by using a preagreed scale
(0=no visible blood, 1= light red shading, 2= red shad-
ing). The histopathologists were blinded to the suction
method used. HPS indicates high-pressure suction; VSS,
vacuum syringe suction.
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VSS). There were 8 cases of small cell lung cancer
in the HPS group and 4 in the VSS group. A
“ViziShot 2” 21G EBUS-TBNA needle was used
in 94.3% of targets in the HPS group and 94.4%
in the VSS group (P= 0.978).

After multivariable analysis, adjusting for 4
confounders (target size, number of needle passes/
strokes, PET avidity), HPS was associated with
significantly higher sample volume (mm3) com-
pared with VSS in all necrotic targets [12.4±0.34
vs. 10.2±1.21, respectively, P=0.04, Wilks’
lambda 0.514, 95% confidence interval (CI): 0.53-
0.95] (Fig. 5, Table 2). This significant difference
was not observed when analyzed all targets
including non-necrotic ones (n= 161) with
P=0.068 (Wilks’ lambda .973, 95% CI: 0.65-1.01).
Interestingly, when looked at the NSCLC sub-
group, necrosis (B-Mode and ELST) was present in
67.3% (35) of targets having HPS, and 45% (18) of
those having VSS, which was significantly different

(P= 0.032). In this subgroup, there was also a
statistically significant difference in the sample
volume obtained (11.2±1.12 vs. 9.1±0.95, for
HPS and VSS, respectively) with P= 0.036 (Wilks’
lambda 0.427, 95% CI: 0.55-0.98) (Fig. 5, Table 2).
In addition, after a Mantel-Haenszel analysis of
this subgroup, we found that the number of cases
requiring additional procedures to allow complete
molecular profiling (when required) were sig-
nificantly different, with 7 cases in the VSS group
(17.5%) and 2 cases in the HPS group (3.84%)
(P= 0.042, 95% CI: 0.62-0.99, odds ratio 0.8).
Adequacy for both EGFR and PD-L1 was 98% in
the HPS group (100% for ALK and ROS1). In the
VSS group, the success rate for EGFR and PD-L1
was 92.5%, for ALK 100%, and 97.5% for ROS1.
The mean size of targets did not differ, and the
same applies to PET avidity, number of needle
passes and needle strokes (Table 1). After com-
pleting the multivariable analysis and proceeding
with separate univariate analyses for variables,
there were no significant univariate effects found in
terms of target size, number of needle passes,
needle strokes or PET avidity.

Finally, accounting for all 145 procedures
screened (October 2019 to September 2020), the
overall yield for HPS and VSS was comparable,
with values of 95% and 94%, respectively.

DISCUSSION

Study Limitations
This was a single-center, retrospective study,

with a small number of cases, carrying inevitable
biases. The consecutive nature of the analysis within
an established EBUS-TBNA service, and the fact
that all procedures and histopathologic analyses were
done by the same operators reduces some risks, with
the exposures and cointerventions having a higher
(but by no means ideal) likelihood of similarity

TABLE 2. Statistical Significance Set at P<0.05

HPS Group VSS Group 95% CI P
Wilks’
Lambda

Sample volume in all targets (n= 161) (mm3) 12.1 ( ± 1.43) 10.6 ( ± 1.68) 0.92 (0.88-1.02) 0.068 0.973
Sample volume in all necrotic targets (n= 86) (mm3) 12.4 ( ± 0.81) 10.2 ( ± 1.21) 0.73 (0.53-0.95) 0.04* 0.514
Sample volume in necrotic NSCLC targets (n= 53)
(mm3)

11.2 ( ± 1.12) 9.1 ( ± 0.95) 0.76 (0.55-0.98) 0.036* 0.427

*Statistically significant P values.
Sample volume is reported as mean± SD, and the P-values reported are following Bonferroni correction via the SPSS software process. Model used was

1-way MANCOVA for “sample volume” between the 2 groups, after adjusting for 4 confounders (target size, number of needle passes, number of needle strokes,
PET avidity), followed by separate 1-way ANCOVAs for variables, as the initial analysis showed statistical significance. There were no significant univariate
effects found in terms of target size, number of needle passes, needle strokes or PET avidity.

ANCOVA indicates analysis of covariance; CI, confidence intervals; HPS, high-pressure suction; NSCLC, non−small cell lung cancer; MANCOVA,
multivariate analysis of covariance; PET, positron emission tomography; VSS, vacuum syringe suction.
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FIGURE 5. Box plots showing the sample volume differ-
ences observed between the 2 groups (HPS vs. VSS) in all
necrotic targets and the subgroup of NSCLC necrotic
targets. HPS indicates high-pressure suction; NSCLC, non
−small cell lung cancer; VSS, vacuum syringe suction.
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between the 2 groups. Also, unavoidably in such
interventions there is always residual bias from
potential confounders, which we attempted to
address by multivariable analysis.

Histopathology
Our histopathology department does not rou-

tinely report “total tissue sample area” for EBUS-
TBNA (no software) hence we did not assess this.
Unfortunately, we have no means to accurately
weigh the sample with precision (0.00001 g) scales
either, as other groups have previously reported,
which would be ideal. Therefore, we decided to use
“sample volume,” as an objective alternative, also
used by other groups previously.8 For sample
“bloodiness,” we used the semiquantitative score
previously described by Wolters et al.7 This is a
preagreed visual “red shading scale” quantifying
the blood content in the formalin pot upon receipt
of the sample by the laboratory (0=no visible
blood, 1= light red shading, 2= red shading). We
do agree that this score is not validated and sub-
jective, however several published studies evaluat-
ing the EBUS-TBNA sample quality with various
needle sizes do not seem to use any relevant set
criteria to assess blood content at all. In our study,
all samples were scored by the same histopatholo-
gists, blinded to the suction technique used. Fur-
thermore, it is technically not feasible to document
the exact amount of blood in milliliters, as the
sample is collected in a vessel prefilled with for-
malin (or on a slide in other studies).8–10

Assessment of Tissue Necrosis
The combined use of B-Mode and ELST to

assess for target necrosis might also appear con-
troversial. Although widely used and very useful in
trained hands, ELST has not yet been extensively
validated. It is a dynamic colored ultrasound fea-
ture, noninvasively assessing the tissues for “stiff-
ness,” by measuring their deformation in response
to external compression or internal pulsations and
movements.11 There is some evidence that ELST
can help in distinguishing malignant from benign
lymph nodes, and in guiding target sampling to
avoid as much as possible the necrotic (softer) areas
within targets.12 Necrotic targets tend to be chal-
lenging in providing a decent tissue sample, which
in turn can affect further processing, as in a study
by Jurado et al13 where 18% of NSCLC patients
did not have sufficient material to complete
molecular testing. The European Federation of
Societies for Ultrasound in Medicine and Biology
recommend the use of real-time ELST in tumor

staging, to identify particular areas within the
lymph node.14 We need to stress that assessing the
utility of ELST was not an aim of our study, and it
certainly has its limitations. However, our study
seems to be the first to report a systematic assess-
ment of all targets for necrosis before sampling,
with B-Mode and ELST, in an effort to minimize
sampling selection bias (necrosis avoidance).

Other Known Confounders
One would also argue that many technical

confounders might have affected the sampling
adequacy, such as needle size, number of passes,
and percentage of tumor cells. However, all of
those factors have been previously evaluated in a
meta-analysis and no such association was
demonstrated.10 Moreover, our standard process
of ≥ 50 needle strokes per target might seem
controversial to the reader. The BTS 2011
Guideline for Advanced Bronchoscopy does not
mention an optimum number of needle passes or
strokes.15 This maybe partly explained by the
lack of evidence at the time of the guideline
composition. There have been various studies
more recently, showing an increasing yield with
more passes, with the curve reaching “plateau”
> 95% after the third pass. In our study, we
decided to continue with ≥ 3 passes per target as
per our usual practice. The optimum number of
needle strokes is still unknown, despite the ATS/
CHEST 2016 Guideline recommending 5 to 15
strokes per target.16 This seems to have been
based on only 1 previous small study (102
patients) by Lee et al.17 This study population
predates by almost a decade the era of routine
molecular testing in NSCLC, frequently requir-
ing more tissue for processing, which would
explain the authors’ impression that 5 to 15
strokes were probably enough. It would be very
interesting to compare groups with various nee-
dle stroke numbers in NSCLC, in terms of ade-
quacy for molecular testing, as to our knowledge
this has not been done yet. In our unit, we have
been using ≥ 3 passes and ≥ 50 needle strokes per
target as a standard operating procedure, to
avoid (as much as possible) any sampling bias.
We also used 21G needles for the vast majority
of the sampling (94.5%), making it unlikely that
this could influence the result, as demonstrated
previously by other research groups.9,10,18,19

On PET imaging, we did not observe any dif-
ference in avidity of the sampled targets, with a
maximum standardized uptake ratio of 4.3 (SD±
2.6) and 4.8 (SD±2.2) in the HPS and VSS
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groups, respectively (interquartile range was 1.5 to
22.3 and 1.8 to 19.5, respectively). This is unlikely
to have contributed at all in the sample volume
results, as in the multivariable analysis there was a
negative P-value with a high Wilks’ lambda.

In terms of safety and complexity of the tech-
nique, one might argue that disconnecting the main
bronchoscope suction during sampling might be
complicated, however realistically the operator
does not use any suction during the needle passes.
On the contrary, the assistant does not need to
prepare the vacuum syringe for every pass and the
operator needs to only briefly unplug the suction
tubing from the bronchoscope channel and plug it
onto the needle, which makes the process simpler.

Our study has some interesting findings which
build on existing work around the robustness of
EBUS-TBNA in diagnosis and staging of lung
cancer. To our knowledge, this is the first study
evaluating the effectiveness of HPS applied
directly onto the EBUS-TBNA needle, in terms of
sample volume and adequacy to perform molec-
ular testing. Other lower vacuum suction levels
and sampling setups have been previously inves-
tigated. In a study by Harris et al,2 the use of VSS
versus no suction did not demonstrate any differ-
ence in diagnostic yield, but the adequacy for
molecular testing was not specifically evaluated.
Various small differences in vacuum have also
been tested (0, 10, 20, 30mL). Shiroyama et al3

investigated the efficacy of EBUS-TBNA suction
using a 30mL syringe (instead of the standard
20mL), in a single-center, retrospective, and
nonrandomized study. However the operator had
been previously trained in EBUS-TBNA techni-
ques only on training mannequins and animal
models. In our study, operators were highly
experienced, eliminating the “learning curve” bias
and the possibility of inadequate sampling asso-
ciated with poor technique. Iyer et al4 did not find
a difference between “no suction,” 10 and 20mL
syringes. We would argue that all the previously
investigated levels of suction are probably not
“high” enough to demonstrate any actual differ-
ences between them, hence results so far have been
mostly of “noninferiority.” In our study, the
40 kPa of suction used is certainly much higher
compared with a 20 or 30mL syringe. Scholten
et al,5 reported that omitting the stylet does not
affect the diagnostic yield either, however, the
group did not assess for adequacy for molecular
profiling.

In an effort to clarify if the actual vacuum
generated via HPS was indeed much higher

compared to VSS at the needle tip, we performed
further in vitro work. We could only perform
in vitro measurements, as we would need an
entirely new study population with further “eth-
ics approval for use of devices” to perform this
in vivo. This of course has its limitations as we
were not dealing with “perfect laboratory con-
ditions,” but nevertheless provides some insight
regarding the vacuum generated at the tip of the
needle. A digital Gas Flow Multi-Meter (TSI,
5200 Series) was used, attached in-line to the
21 G needle setup, with the needle penetrating a
plastic chamber of set volume (10 mL silicone
tubing, blocked from either side). The only dif-
ference was the pressure setup used (VSS vs.
HPS). Multiple test measurements were obtained,
with vacuum values recorded (Torr). The VSS
setup was consistently generating a vacuum
around −520 Torr (SD±26), with the HPS
demonstrating vacuum values consistently above
−999 Torr (device limit was 999, so no ±SD
available). This means that the vacuum generated
by using HPS is most likely “×2 greater” com-
pared with VSS (likely even higher, as the device
limit was 999 Torr). Interestingly, a further
search in the literature revealed a study by Has-
eler et al20 in which the authors tested the vac-
uum generated by using 10 and 20mL syringes
with 21G needles, for fine needle aspiration tis-
sue biopsies. They reported a vacuum of −517
Torr with the 20mL setup, which is indeed very
close to what we measured.

The needle size itself has also been a subject
of debate. In a recent study by Walters et al,7 19
and 22 G size needles were evaluated for sample
size and diagnostic yield, however, no data on
feasibility of molecular testing was provided. In
addition, the use of 19 G needle was inves-
tigated by Dooms et al,9 and there was no
superiority in the success of next generation
sequencing. One might argue that by using a
size 21 G needle for the majority of the sam-
pling (94.4%) in our study, we might have
jeopardized the sample adequacy, as it has been
shown previously that a 19 G can provide more
tissue.9 However, our diagnostic yield was
comparable to the existing literature. It is also
important to mention that, in 3 of 7 cases in the
VSS NSCLC subgroup that required an addi-
tional procedure to achieve a complete molec-
ular testing, we used a 19 G needle. A search in
the literature evaluating the adequacy of
EBUS-TBNA for molecular testing reveals a
mix of prospective and retrospective studies
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covering a period of 11 years (2007 to 2018),
mainly around EGFR, and to a lesser extent
ALK, ROS1 and PD-L1. In the only systematic
review and meta-analysis available to date,21

Labarca and colleagues, reported a pooled
probability of sufficient sample for EGFR and
ALK of 94.5% and 94.9%, respectively. We
found that in the HPS group the sample was
adequate for EGFR and ALK in 98% of cases
(92.5% in VSS group). For ALK, we had 100%
adequacy in both groups (compared with 94.9%
from meta-analysis data). For PD-L1, the
meta-analysis reported a rate of 100%, how-
ever, only 2 small studies were analyzed. In our
study, adequacy for PD-L1 was 98% and
92.5%, for the HPS and VSS group, respec-
tively. ROS1 was successful in 100% of cases
having HPS, and 97.5% in the VSS group.
Overall, it seems that the HPS group showed
overall higher adequacy for molecular testing
than the existing data, however, our small study
size is limiting us from drawing concrete
conclusions.

Complication Rate
Since complications are so rare during

EBUS-TBNA, a much larger sample size would
be required to be able to draw solid conclusions
about the extent of bleeding or other associated
complications with the technique.

CONCLUSIONS
The novel use of HPS directly onto the

EBUS-TBNA needle appears to be a promising,
easy, no-cost, and safe technique variation. Our
single-center retrospective study has several lim-
itations as described herein, however HPS was
still associated with significantly higher sample
volume and success of immediate molecular
testing, without the need of additional proce-
dures, in necrotic lesions of NSCLC patients.
Our results, although thought-provoking, cer-
tainly warrant further thorough investigation
through a well-designed, pragmatic, multicentre
randomized-controlled trial.
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