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SUMMARY

Long-term statistical data worldwide on lung cancer (LC) show an overall 34% reduction in mortality
compared to 1991. The primary reasons for this decline include a reduced smoking rate, earlier diagnosis,
advancements in invasive diagnostic methods, and the introduction of low-dose computed tomography
screening. These factors have contributed to detecting LC at earlier stages of the disease and improving
timely treatment. The diagnostic sensitivity of conventional bronchoscopy for peripheral pulmonary
lesions (PPL), representing early-stage LC, has historically been relatively low, ranging 30-60%. Over the
past two decades, diagnostic sensitivity for PPL has improved with the development of advanced naviga-
tional techniques, such as virtual bronchoscopic navigation, electromagnetic navigation bronchoscopy,
radial endobronchial ultrasound, cone-beam computed tomography, and ultrathin bronchoscopy. In
the past two to three years, robotic-assisted bronchoscopy has further enhanced diagnostic navigation
capabilities to their current maximum potential.
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INTRODUCTION

Global data on lung cancer (LC) incidence and
mortality have become increasingly refined in
recent years and demonstrate significant geo-
graphical heterogeneity [1-4]. In the period
following the COVID-19 pandemic, stud-
ies reported an increase in LC incidence and
mortality worldwide, largely due to delayed
diagnostic evaluation and detection at more ad-
vanced stages, which negatively affected treat-
ment outcomes. Overall cancer incidence in
2020 was 9% lower than in 2019, with the most
substantial decrease observed in asymptomatic
(in situ and localized) disease, attributable to
reductions in screening and incidental detec-
tion during routine medical visits [5]. However,
when long-term LC statistical data are consid-
ered, there is a continued decrease in mortal-
ity, amounting to 34% compared with 1991
(US data). The main reasons for the reduced
LC mortality are the decline in the smoking
rate, earlier detection, advances in invasive

diagnostic modalities, and the implementation
of low-dose computed tomography (LDCT)
screening, all contributing to earlier-stage di-
agnosis and timely treatment [6]. Obtaining an
adequate bronchial or pulmonary tissue sample
is crucial not only for establishing a diagnosis
of LC but also for determining the molecular
and immunologic profile of the lung tumor
[7]. When the objective of invasive pulmonary
diagnostics is early-stage diagnosis, sampling
typically involves small peripheral pulmonary
lesions (PPL), where flexible bronchoscopy has
replaced rigid bronchoscopy completely. New
image-guided bronchoscopic techniques have
increased diagnostic yield and reduced compli-
cation rates compared with conventional bron-
choscopy. These include virtual bronchoscopic
navigation (VBN), electromagnetic navigation
bronchoscopy (ENB), radial endobronchial
ultrasound (R-EBUS), cone-beam computed
tomography (CBCT), ultrathin bronchos-
copy (UTB), and robotic bronchoscopy [8].
Advanced bronchoscopic imaging techniques
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Figure 1. Radial endobronchial ultrasound [16]

such as autofluorescence imaging and narrow-band imag-
ing can also detect changes in the bronchial epithelium,
including carcinoma in situ, 40% of which may progress to
invasive carcinoma. Early detection allows these lesions to
be treated endoscopically, for example, by endobronchial
brachytherapy or photodynamic therapy [9].

Transthoracic needle aspiration and biopsy
(TTNA/TTNB)

TTNA/TTNB are well-established and safe diagnostic
techniques for obtaining cytologic or histologic samples
from PPL. Over time, several imaging modalities have
been used to guide needle placement, including plain
radiography, fluoroscopy, computed tomography (CT),
ultrasound, and electromagnetic-navigated TTNA [10].
These TTNA/TTNB methods have become procedures of
choice for diagnosing peripheral pulmonary nodules due
to their high diagnostic yield. A sample can be obtained
via needle biopsy or fine needle aspiration for cytology and
cell-block preparation, and both sample types are suitable
for molecular analysis. The CT-guided TTNA and TTNB
demonstrate diagnostic yields ranging from 64% to 97%
[11]. The most common complications include pneumo-
thorax (rate to ~25%, with ~5-6% requiring intervention)
and hemoptysis (5% prevalence) [12]. Thoracic oncolo-
gists generally avoid TTNA/TTNB for PPL because these
lesions are potentially resectable. However, this approach
is preferred for suspected small cell lung carcinoma, for
which surgery is not indicated. When surgery is contrain-
dicated for any reason, TTNA/TTNB method is strongly
recommended.
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Bronchoscopy - new diagnostic procedures

Interventional pulmonology has expanded rapidly since
the first groundbreaking studies in 2004 which demon-
strated the usefulness of R/L-EBUS for diagnosing pul-
monary lesions and LC staging. The development of in-
terventional pulmonology has significantly improved the
management of LC, particularly early-stage non-small cell
LC [12, 13].

R-EBUS with and without guide sheath (GS)

Although conventional flexible bronchoscopy can be used
for diagnosing PPL, its diagnostic yield is variable and gen-
erally lower than that of CT-guided TTNA/TTNB. This
limitation facilitated the development of newer broncho-
scopic techniques, such as R/L-EBUS [14]. Several studies
have confirmed that a multimodal approach that combines
R-EBUS with VBN or ENB has an improved diagnostic
yield when compared to using only R-EBUS, as naviga-
tional systems compensate for instances in which R-EBUS
fails to reach the lesion [15]. The key limitation of R-EBUS
is the lack of real-time tissue sampling, as the radial probe
(RP) must be removed from the bronchoscope’s work-
ing channel before biopsy instruments are introduced.
Maintaining a consistent position of the RP withdrawal
and instrument insertion is challenging (Figure 1) [16].
GS use can partly help mitigate this issue. Diagnostic sen-
sitivity of R-EBUS for PPL, especially for LC diagnosis,
depends on lesion size, location, presence of a bronchus
sign, lesion type, and the availability of rapid on-site evalu-
ation [17]. Diagnostic sensitivity is reduced for upper lobe
lesions because the RP cannot navigate sharply angled seg-
ments. The diagnostic sensitivity is greatly influenced by
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Figure 2. Electromagnetic navigation bronchoscopy [23]

the position of PPL when compared to RP, with the highest
diagnostic sensitivity when the R-EBUS probe is centrally
positioned within the lesion (82.6%), lower when in the
adjacent position (56.8%), and the lowest when the probe
is outside the lesion (17.3%) (24). A meta-analysis of 46
studies (2002-2022) included 7252 patients with PPL,
out of which 5173 patients were successfully diagnosed
by R-EBUS with an overall diagnostic sensitivity of 73.4%
(95% CI: 69.9-76.7%) [18].

UTB in the diagnosis of PPL

UTB uses bronchoscopes with a working channel diameter
of 1.8-2.2 mm, enabling navigation into smaller bronchi
and facilitating access and biopsy of PPL. When combined
with R-EBUS, UTB demonstrates better diagnostic sensi-
tivity compared with thin bronchoscopy (TB), particularly
for lesions in the upper segments of the lower lobes and
the upper lobes [19, 20].

Multiple studies have shown higher sensitivity with UTB
compared to TB (70.1% vs. 58.7%). In a study by Nishii et
al. [21], patients first underwent TB with R-EBUS; if the
probe did not enter the lesion, TB was replaced with UTB.
Positive or negative bronchus sign presence or absence had
an impact on statistically significant difference between
diagnostic and nondiagnostic bronchoscopies, and both
procedures were performed with VBN assistance [21].

New navigational techniques in bronchoscopy of PPL

ENB is a type of bronchoscopic navigation that enables
guided sampling of PPL using electromagnetic field—based
reconstruction of a three-dimensional pathway (3D) to the
target lesion [22]. During the procedure, the bronchoscope

is navigated through the airways using real-time electro-
magnetic navigation. Virtual 3D mapping laid over the
live bronchoscopic imaging allows the operator to lead the
bronchoscope with precision to the lesion. Biopsy instru-
ments are then introduced into the working channel to
obtain diagnostic biopsy samples (Figure 2) [23].

In the multicenter NAVIGATE study, ENB achieved a
diagnostic yield of 73%, with the R-EBUS-assisted group
demonstrating superior sensitivity compared with the fluo-
roscopy group [24].

CBCT in bronchoscopy

CBCT provides real-time airway imaging and confirms
navigational accuracy through specialized software. This
enables the bronchologist to localize with PPL that are
difficult or impossible to reach using conventional bron-
choscopy and would require fluoroscopy to guide the
instruments into the lesion [25]. The use of radiation or
fluoroscopy is highly reduced. Limitations of the procedure
are the following: the need for specialized equipment and
infrastructure, including a complete CBCT system. The
interpretation of CBCT also requires advanced operator
training, and there are also significant system and main-
tenance costs. All this makes CBCT less accessible for in-
stitutions with limited resources [25, 26].

Bhadra et al. [27] published a study of 200 patients who
underwent CBCT bronchoscopy with a multimodal ap-
proach which incorporated both conventional and UTB,
and with a smaller group of patients also underwent cryo-
biopsy. The diagnostic sensitivity was 90%, with 60% ma-
lign lung lesions, 30% benign lung lesions and 10% undi-
agnosed. By using the cryoprobe, the authors increased the
diagnostic sensitivity from 86.4% to 90.1% [27].
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Figure 3. Application of robotic assisted bronchoscopy; the bronchologist guides the procedure via the display; on the left in the image of the
monitor is a real-time bronchoscopic procedure, the right side shows a virtual bronchoscopic view [28]

Robotic-assisted bronchoscopy (RAB)

RAB enables the bronchologist to visualize and access
previously unreachable peripheral lung regions. Although
system cost remains a significant barrier for RAB (Figure
3), it currently offers the highest diagnostic yield for PPL
[28]. This method integrates three navigational modali-
ties — electromagnetic guidance, optical pattern recogni-
tion, and robotic kinematic feedback — providing highly
accurate localization on high-resolution monitors. Initially,
target lesions are mapped on CT, imported into planning
software, and then via robotic platform the target lesions
are accessed with precision by guiding the bronchoscope
through the airways [29].

The robotic platform includes an innovative telescop-
ing endoscope mounted on flexible robotic arms, enabling
superior maneuverability, reach, and stability. Combining
advanced imaging, improved biopsy tools, and robotic
precision has enabled diagnostic sensitivity for small PPL
to exceed 90% [30]. These results are comparable to CT-
guided TTNA/TTNB, which has proven sensibility of
84-96%. However, RAB has a better safety profile, with
the 2.3% pneumothorax rate and 0.6% bleeding risk [31].
Current evidence suggests that, with appropriate expertise
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Bronchoscopy has undergone profound transformation
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markedly improved the safety and accuracy of diagnosing
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WUHBa3MBHe AMjarHOCTUYKe NpoLeaype 3a paKk nayha y paHom cTagujymy —
KNMHUYKM 3HAYAj HOBUX HAaBUTaLMOHMX TEXHMKA Y MHTEPBEHTHOj 6POHXOCKONMUjU

Cnacoje Monesuh'? Herncy lanuh4, Mapko bojosuh**, Page Munuh®’, Msnua Nanuhé, bpanucnas Vnuh'2,

MBaHa Cekynosuh-PagosaHoBuh?, laHe KptuHuh®™®

'YHuep3utet y beorpagy, MeguumHcku dakynter, beorpag, Cpbuja;

2YHUBEP3WUTETCKN KNMHUYKY LeHTap Cpbuje, KnuHuka 3a nynmonorujy, beorpag, Cpbuja;

*YHneep3utet y Hosom Cagy, MeguuuHckm dakyntet, Hosu Cag, Cpbuja;

*UHcTuTyT 33 NnyhHe 6onecTu BojoauHe, KnuHuka 3a nnyhHy oHkonorujy, Hou Cag — Cpemcka Kamennua, Cpbuja;
SWHcTUTYT 3a oHKonorwjy BojsoauHe, KnuHvka 3a pagujavmjcky oHkonorujy, Hosu Cag - Cpemcka Kamennua, Cpbuja;
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YH1BeP3UTETCKN KNMHNYKN LeHTap Huw, KnuHuka 3a oHkonorujy, Huw, Cpbuja

CAMETAK

JlyropoyHu CTaTUCTMYKM NMofaLy o paky niayha nokasyjy yKynHo
CMarberbe MopTanuTeTa 3a 34% y nopehery ca 1991. rogrHom.
[MaBHW pa3no3u 3a 0Baj Naj yK/byuyjy CMakbeHy CTOMy MyLletba,
paHujy AnjarHo3y, Hanpeaak Y MHBa3WBHUM [WjarHOCTUYKAM
meTofama 1 yBoherbe CKPUHUHIa HACKOLO3HOM KOMMjyTepu-
30BaHOM Tomorpadumjom. OBn GpakTopm Cy AONPUHENN OTKPU-
Batkby paka nnyha y paHujum ctagujymmuma 6onectt 1 no6osb-
Wwatby 6naroBpemeHor nevetba. [lnjarHOCTMYKa OCET/bUBOCT
KOHBEHLMOHanHe 6poHxockonuje 3a neprdepHe nayhHe
nesuje, Koje NpeAcTaBsbajy paHu ctagujym onectu, 6una je
penaTuBHO HMcKa, n3mehy 30% n 60%. Tokom NpoTekne ABe
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JeLeHuje, AnjarHOCTUYKa OCET/bUBOCT 3a neprdepHe nnyhHe
nesuje nobosbluana ce pa3Bojem HanpegHUX HaBUraLMOHNX
TeXHUKa, Kao LUTO Cy BUPTYyesiHa 6pOHXOCKOMNCKa HaBurauyja,
e/leKTpPOMarHeTHa HaBMraLoHa 6poOHX0CKoNWja, PagujanHu
€HJ06POHXVjanHN YNTPa3ByK, KOHYCHA KOMMjyTepri30BaHa To-
morpaduja 1 yntpataHka 6poHxockonuja. Y npotekne fige o
TPY rogyHe, PO6OTCKM MOTNOMOrHYTa GPOHXOCKOMMja AOAATHO
je no6orbluana MoryhHOCTI AnjarHOCTUYKe HaBurauuje Ao -
XOBOT TPEHYTHOI MaKCUMasHOr noTeHuujana.

KrbyuHe peun: 6poHX0CKOMNNja; paHO OTKPYBake KapLUHO-
Ma; Heonnasme nnyha; nywerbe; BUAeoacucTMpaHe TeXHUKe
1 npoueaype
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