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Background: Endobronchial ultrasound-guided transbronchial needle aspiration (EBUS-TBNA) is a
commonly performed minimally invasive technique for diagnosing mediastinal pathologies. Currently, many
needle types are being developed to improve the accuracy of the final diagnosis. Our study aimed to assess
the possible advantages and disadvantages between the 22-gauge ProCore® needle and the standard 22-gauge
needles.

Methods: In this prospective study, we enrolled a group of 363 EBUS-TBNA patients. For each patient,
we used either the ProCore® needle or the standard one. We used the ProCore® needle in 51 patients and
the standard needle in 312 patients. When a diagnosis could not be made, it was subsequently established
with a surgical biopsy. We calculated the sensitivity, specificity, positive predictive value (PPV), and negative
predictive value (NPV) of the biopsy for both needle types.

Results: By using EBUS-TBNA, a diagnosis was established in 306 patients (84.3%). The rates of the
final diagnoses in ProCore® and standard needle groups were 92.2% and 83.0% (P=0.14), respectively.
The sensitivity, specificity, PPV, and NPV for ProCore® vs. standard needles did not differ and were 89.2%
vs. 79.3%, 100.0% vs. 95.7%, 100.0% vs. 98.5%, and 77.8% vs. 57.3%, respectively. A total of 57 patients
required mediastinoscopy or surgical biopsy to obtain a final pathology. However, this number was not
significantly different between the needles [ProCore® (7.8%) vs. standard (17%), P=0.26].

Conclusions: Both types of needles demonstrated very high diagnostic efficiency for malignancy, and there

was no significant advantage of the ProCore® over the standard needle.
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Introduction

Endobronchial ultrasound-guided transbronchial needle
aspiration (EBUS-TBNA) is a commonly used minimally
invasive technique. It emerged as the top-choice diagnostic
procedure for benign and malignant lesions of the
mediastinum and lung parenchyma (1-4).

It allows for simultaneous, accurate localization and
sampling of the mediastinal and hilar lymph nodes with
high accuracy and minimal complications (5-8). During the
EBUS procedure, a biopsy is performed using commercially
available needles inserted through the scope’s working
channel. Many practitioners use larger bore needles or
needles of a different design to obtain more tissue volume
and improve the procedure’s effectiveness. However, there
is mixed evidence regarding other needle types’ diagnostic
accuracy or sensitivity (9-14). Furthermore, the EBUS-
TBNA is constantly developed, and new solutions are
studied to optimize the diagnostic yield. Recent papers
have examined, among other things, the impact of the
number of needle passes (2), use of rapid on-site evaluation
(ROSE) (15) or suction syringe on the quality of specimens
and a diagnostic value (16).

The ProCore® needle is an innovative histology needle
used in EBUS-TBNA. Its notable technical features include
its slenderness and the side-cutting window, which allows the
tissue to enter the needle’s lumen and cut a complete tissue
sample. Finally, this needle potentially obtains a better-quality
core tissue by retaining its morphological architecture, thus
increasing the overall diagnostic accuracy (2,17).

This study aimed to evaluate the potential advantage of
the ProCore® needle compared with the standard needles in
terms of diagnostic yield. We present the following article
in accordance with the STARD reporting checklist (available
at https://jtd.amegroups.com/article/view/10.21037/jtd-21-
1594/rc).

Methods
Ethical statement

The study was conducted in accordance with the
Declaration of Helsinki (as revised in 2013). The study
was approved by the Bioethics Committee of the Poznan
University of Medical Sciences (No. 688/20) and informed

consent was obtained from all participants.
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Patients

From 2017 to 2020, a total of 1,992 patients underwent
EBUS-TBNA due to various indications. The study
included patients aged 18 or above, where EBUS-TBNA
was performed to establish the diagnosis of malignancy with
the exclusion of malignant lymphoma. Patients with the
suspicion of sarcoidosis, tuberculosis or requiring EBUS-
TBNA due to preoperative staging were also excluded from
the study.

Finally, 363 patients were enrolled in the study; 125
(34.4%) were female, and 238 (65.6%) were male. The
mean age was 64.9+8.2 years. A total of 51 patients were
included in the ProCore® group, whereas 312 patients were
included in the standard needle group (Figure 1). They
underwent prior clinical and radiological examination of
the mediastinum to confirm enlarged hilar or mediastinal
lymph nodes. Biopsy was performed in case of any of the
following indications: disseminated neoplastic disease,
suspicion of metastasis other than lung cancer, and suspicion
of neoplastic disease recurrence or N2/N3 lung cancer
diagnosis. These indications were followed across both
groups. The details are presented in Tuble 1.

Procedural technique

Before EBUS-TBNA, radiological imaging was reviewed
to precisely locate the affected mediastinal lymph nodes.
Patients were administered topical anesthesia with 1%
lidocaine and conscious sedation. All the procedures were
performed by two experienced endoscopists (performing
>100 EBUS-TBNA per year). PENTAX EBUS endoscope
(EB-1970UK; Pentax Medical, Tokyo, Japan) was used.

A diagnostic procedure was performed on patients
using one of the needles: standard (22-gauge SonoTip®,
Medi-Globe GmbH, Achenmiihle, Germany) or
ProCore® (22-gauge EchoTip ProCore® Endobronchial
HD Ultrasound Biopsy Needle, Cook Medical,
Bloomington, IN, USA). Basic characteristics of the
two needles used in our study are presented in Tzble 2,
Figures 2,3. According to the protocol, each lymph node
was biopsied three times using the same needle. The
cytology specimens were fixated using 95% ethyl alcohol
and subsequently processed with Tissue-Tek Prisma
(Sakura Finetek USA, Inc., Torrance, CA, USA). The cell-

block fixative was formalin. If the final diagnosis was not
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1,992 patients underwent EBUS-TBNA procedure
from 2017 to 2020

1,320 EBUS-TBNA procedures performed with needles

Y

672 patients underwent EBUS-TBNA procedure
performed with needles used in the study

different than used in this study were excluded

309 patients were excluded from the study due to the
following reasons:
¢ Suspicion of sarcoidosis (n=60)

Y

363 patients were enrolled in this study

22-gauge 22-gauge
ProCore® needle standard needle
(n=51) (n=312)

* Suspicion of tuberculosis (n=18)
¢ Suspicion of malignant lymphoma (n=9)
* Preoperative staging (n=222)

All patients were divided into two groups based on the type
of needle used for the EBUS-TBNA procedure

Figure 1 Flow diagram of patient enrollment. EBUS-TBNA, endobronchial ultrasound-guided transbronchial needle aspiration.

Table 1 Diagnostic indications with the number of patients subjected

Indication Number of patients Standard needles ProCore® needles
Disseminated neoplastic disease 19 16 3
Metastasis other than lung cancer 66 52 14
Suspicion of recurrence 16 13 3
N2 and/or N3 lung cancer 262 231 31

Table 2 Basic characteristics of two needles used in our study:
SonoTip® and ProCore®

Type SonoTip® ProCore®
Size 22,25 22,25
Minimum accessory 2.8 2

channel (mm)

Stylet tip Beveled Recessed ball tip
Technical features - Side cutting window
Amount of tissue Small sample Larger sample
Sample Cytological ~ Tissue core, better quality

© Journal of Thoracic Disease. All rights reserved.

established via EBUS-TBNA, either mediastinoscopy
or video-assisted thoracic surgery (VATS) biopsy was
performed according to the guidelines (18). The diagnosis
was established either with cytology smears on the
pathology slides and/or via the cell block technique. Then,
the multidisciplinary cancer team discussed the diagnosis in
terms of further treatment or diagnostics.

The data was analyzed to calculate the sensitivity,
specificity, negative predictive value (NPV) and positive
predictive value (PPV), and diagnostic accuracy of EBUS-
"TBNA performed using ProCore® or the standard needle.
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Figure 2 Comparison of the standard needle (A) and the ProCore®
needle (B). The ProCore® needle is distinguished by its side

cutting window, which allows for core tissue biopsy.

Figure 3 Microscope images of standard needle (A) and the
ProCore® needle (B). Magnification: x20.

Statistical analysis

Unpaired #-test was employed to analyze the data with
normal distribution and homogeneous variances. The
normality of the distribution was tested using the Shapiro-
Wilk test, and the equality of variances was checked using
Levene’s test. The data that did not follow a Gaussian
distribution was analyzed using the Mann-Whitney U
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test. Categorical data were analyzed using either the y’
test or the Fisher-Freeman-Halton test. We calculated the
sensitivity, specificity, PPV and NPV of the biopsy for all
cases as well as for different types, sizes of needles, and
indications. We compared the correct outcome ratio (sum
of true positive and true negative results) between the
groups using the y test. All results with a P value of <0.05
were considered significant. Statistical calculations were
performed using the Statistica 12.0 PL software (StatSoft
Polska, Krakéw, Poland) or StatXact 9.0 (Cytel Inc.,
Cambridge, MA, USA).

Results

We performed 1,089 lymph node diagnostic biopsies via
EBUS-TBNA in 363 patients, with 51 examined using
the ProCore® needle and 312 using the standard needle.
We were able to establish a final diagnosis using EBUS-
TBNA in 306 patients (84.3%) in both groups. However,
a diagnosis could not be made via EBUS in 57 (15.7%)
patients; thus, mediastinoscopy or VATS biopsy was
required. The number of patients who required additional
surgical procedures did not differ significantly between
the two needles [ProCore® (4 patients, 7.8%) vs. standard
(53 patients, 17%), P=0.26]. There were no complications
after the EBUS-TBNA procedure in either group.

For both groups of patients who underwent EBUS-
TBNA, the overall sensitivity was 80.6%; specificity,
96.4%; NPV, 60.0%; and PPV, 98.7%. With the ProCore®
needle, the sensitivity was 89.2%, and the specificity was
100.0%, whereas for the standard needle, these were 79.3%
and 95.7%, respectively. However, these values were not
significantly different between the needles (P=0.14). The
percentages of true positives for the individual needles are
presented in Tible 3.

The number of accurate diagnoses (both true positive
and true negative) did not differ significantly between the
needle types and sizes in the whole group (P=0.6). The
needle sensitivity for the individual indications also did not
significantly differ (P=0.71 for ProCore® and P=0.43 for the
standard needle). These data are illustrated in Tizble 4.

Discussion

The diagnostic yields of various needles have been relatively
well described for transesophageal endoscopic ultrasound-
guided fine needle aspiration (EUS-FNA), especially in
gastrointestinal tract tumor biopsies. However, there is
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Table 3 Comparison of the ProCore® needle and standard needle by the percentage of proper diagnosis, sensitivity, specificity, PPV and NPV

Type of needle Proper diagnosis, n (%) Sensitivity (%) Specificity (%) PPV (%) NPV (%)  Proper diagnosis (P value)
ProCore® 47 (92.2) 89.2 100.0 100.0 77.8 0.14

Standard 259 (83.0) 79.3 95.7 98.5 57.3

All 306 (84.3) 80.6 96.4 98.7 60.0

PPV, positive predictive value; NPV, negative predictive value.

Table 4 Summary of the diagnostic accuracy analysis comparing the ProCore® needle with the standard needle by indications

Proper diagnosis,

Proper diagnosis

Needle type Indication n (%) Sensitivity (%) Specificity (%) PPV (%) NNV (%) (P value)
ProCore® Non-lung cancer metastases 12 (85.7) 75.0 100.0 100.0 75.0 0.71
N2/N3 lung cancer diagnosis 29 (93.5) 91.3 100.0 100.0 80.0
Disseminated neoplastic 3(100.0) 100.0 - 100.0 -

disease
Recurrence 3(100.0) 100.0 - 100.0 -
Standard Non-lung cancer metastases 40 (76.9) 59.3 96.0 94.1 68.6 0.43
N2/N3 lung cancer diagnosis 193 (83.5) 80.6 97.5 99.4 51.3
Disseminated neoplastic 15 (93.8) 100.0 66.7 92.9 100.0
disease
Recurrence 11 (84.6) 81.8 100.0 100.0 50.0

PPV, positive predictive value; NPV, negative predictive value.

still a paucity of data with regard to which of the EBUS
needles has higher sensitivity and should be recommended
for performing biopsy (15,19,20). Miyazaki er al. (21)
performed a prospective interventional study using 22-
and 25-gauge ProCore® needles. They managed to obtain
the excellent quality of the samples and establish the
diagnosis in the majority of cases. They concluded that the
ProCore® needle is worth using in the histologic evaluation
of mediastinal lymphadenopathy. However, their paper is a
single institution study that lacks a randomized comparison
standard needle with the Procore® needle.

Studies reporting a benefit of the ProCore® needle
are limited by the lack of randomization, retrospective
nature, unexpected and unexplained low sensitivities
with the standard needle and lack of on-site cytology,
the presence of which can direct site of sampling on the
lymph node (22,23). One of the few randomized studies
comparing 22-gauge ProCore® and the 22-gauge standard
(Vizishot, Olympus, Tokyo, Japan) needle in the diagnosis
of sarcoidosis did not find a difference in the sensitivity,
specimen adequacy, or safety of EBUS-TBNA when

© Journal of Thoracic Disease. All rights reserved.

performed with the ProCore® or the Olympus needle in
subjects with sarcoidosis (24).

It is worth emphasizing that obtaining a diagnosis with
EBUS-TBNA may eliminate the need for mediastinoscopy
or surgical biopsy (9,10). Compared with mediastinoscopy,
EBUS-TBNA has a similar diagnostic rate but is
much less invasive, causing less discomfort and fewer
complications (25-27).

Our prospective analysis reveals no statistically significant
differences in the diagnostic yield between the ProCore®
and standard needles. Regardless of the needle’s type
and size, a high percentage of proper diagnoses was still
obtained. In our study, the percentage of patients requiring
mediastinoscopy or VATS was double in the standard
needle group (16%) compared to the ProCore® group (8%).
This appears to have not met statistical significance but is
a large clinical difference in our opinion. This is a tangible
outcome that affects patient care and if the ProCore® needle
truly reduces the number of patients requiring an invasive
surgical procedure, it would be a superior needle even if the
diagnostic yield and sensitivities are similar.
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Yang et al. (2) revealed similar results. In their paper,
the mRNA’s diagnostic adequacy and concentration were
identical for the 25-gauge ProCore® and standard 22-gauge
needles. However, the use of the ProCore® needle decreased
puncture time and frequency. Furthermore, they also
observed better elasticity and precision when puncturing
using the ProCore® needle, which easily reached the lymph
nodes. However, this study only analyzed a small group of
39 patients.

The lack of significant differences between the ProCore®
and standard FNA needles in the accuracy of the sample’s
diagnosis and adequacy were reported in a previous meta-
analysis (20). Nevertheless, it is worth mentioning that
in this particular study, the ProCore® needle was able to
finalize a diagnosis with fewer passes (20). According to Oh
et al. (28), the core and standard fine needles are comparable
in terms of diagnostic accuracy, technical performance, and
safety profile.

A relevant aspect to consider is that in a few studies,
the ProCore® needle was able to establish a final diagnosis
with faster and less frequent puncturing compared with the
standard needle (2,20). Yang e a/. (2) emphasized that the
ProCore® needle was able to obtain sufficient samples for
diagnosis even after a single-pass puncture.

McCracken et al. (14) compared the ProCore® needle
with the standard fine needle in a group of 235 patients
and observed a statistically significant difference in terms
of diagnostic sensitivity. They also found that significantly
fewer patients required further diagnostic procedures.
Berger et al. (29) demonstrated that the ProCore®
needle could possibly have a higher diagnostic yield
owing to its larger gauge compared with the standard
needle. However, this study only assessed two groups of
24 patients.

Our study involves a prospective analysis of a large
group of 363 patients. Also, we ensured the validity of our
findings by having the same two experienced providers
perform all of the proceedings in our high-volume center.
To the best of our knowledge, this study represents the
most extensive series reporting the use of EBUS-TBNA
needles in malignant lesions. High sensitivity, specificity,
and diagnostic yield allow the endoscopists to select a
preferred needle type without compromising the quality of
diagnostics. All the collected specimens were of high quality,
which led to accurate diagnoses and, consequently, avoided
further invasive surgical procedures for most patients.

However, the authors acknowledge several limitations
of this study. First, although our study is a prospective one,
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the needle type group sizes are not comparable, and there
is a large disproportion between the groups. Needles were
not always available in the clinic in equal amounts during
the study period, which resulted in limitations in recruiting
patients. Moreover, our study is not a randomized trial.
Randomization was challenging to achieve due to the
limited availability of needles. We also reduced the number
of patients with a disseminated neoplastic process, which
constituted a minority among them. In their case, making a
quick diagnosis was crucial; patients often presented with a
poor general condition, which caused limitations during the
recruiting process.

Our study demonstrates that all needle types yield high
diagnostic accuracy in obtaining the tissue core, which
allowed us to sample good-quality specimens. Future
studies should compare prospective data with that from a
randomized controlled trial.

Conclusions

The needles commonly used in EBUS-TBNA have high
diagnostic efficacy and can be successfully used to diagnose
mediastinal pathologies. The ProCore® needle had no
significant advantage over other standard needle types.
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