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Abstract: Convex probe endobronchial ultrasound (CP-EBUS) and stereotactic body radiotherapy (SBRT)
are valuable tools in the diagnosis, staging, and treatment of thoracic malignancies. With widespread clinical
adoption, novel uses of CP-EBUS beyond mediastinal diagnosis and staging continue to be discovered.
SBRT is an attractive treatment strategy in early-stage lung cancer and oligo-metastatic disease of the
chest when a surgical approach is either not feasible or desirable. Accurate application of SBRT is aided
by the placement of radio-opaque fiducial markers (FM) to compensate for respiratory cycle movements.
We describe eight patients with central thoracic lesions, either known or suspected to be malignant, who
underwent EBUS bronchoscopy with lesion sampling and successful intralesional placement of modified FM
via our technique, review the existing literature on this topic, and discuss the nuances of coding and billing

aspects of FM placement.
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Introduction

Convex probe endobronchial ultrasound (CP-EBUS) and
stereotactic body radiotherapy (SBRT) have revolutionized
the diagnosis, staging, and treatment of lung cancer. CP-
EBUS facilitates safe, accurate, and efficient sampling
of intrathoracic lymph nodes (LNs) and lesions, while
simultaneously staging the mediastinum and hilum (1-7).
SBRT is an attractive treatment strategy for early-stage
lung cancer, especially when patients are inoperable,
and in intrathoracic oligo-metastatic disease (8-15). Due
to respiratory movement of thoracic structures, SBRT
frequently requires intralesional placement of radio-opaque
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fiducial markers (FMs) as reference points to ensure precise
delivery of radiation (16-20). We present a case series of
successfully employing a technique of using CP-EBUS
to place FMs in centrally located malignant lesions of the
thorax, review the literature surrounding similar techniques,
and discuss the billing and coding considerations with this
approach.

Patients

Eight patients were referred for FM placement to the
interventional pulmonology service to guide SBRT for
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Table 1 Patients undergoing CP-EBUS placement of FM

1973

PT (yzzfs) recusrll'J::;: tc>erdnew mz‘iegv::lzy LOT:stiicc:r? o AE Notes

1 76 M Recurrence HNC 11R N HNC treatment 10 months prior to recurrence

2 84 F Recurrence NSCLC 4R N  NSCLC treated 14 years prior to recurrence

3 68 F Recurrence SCLC and NSCLC 11R N  Previous chemotherapy, radiation, and lobectomy

4 57 F Recurrence Breast 4R N  Previous chemotherapy, radiation, surgery

5 88 F New Carcinoid tumor 11L N  Typical carcinoid with symptomatic enlargement

6 62 M New None RUL N  Early stage but surgically prohibitive pulmonary
function

7 74 F Recurrence LMS LLL N  Shoulder LMS pulmonary metastasis

8 67 M New NSCLC RLL N  Fiducial marker placed in metachronous RLL

NSCLC

CP-EBUS, convex probe endobronchial ultrasound; FM, fiducial marker; PT, patient; HNC, head and neck carcinoma; SCLC, small cell
lung cancer; NSCLC, non-small cell lung cancer; LMS, leiomyosarcoma; RUL, right upper lobe; LLL, left upper lobe; RLL, right lower lobe;

AE, adverse event; N, no.

their known or suspected malignancies. In all cases, SBRT
was considered the optimal treatment approach once
malignancy was proven due to age, comorbidity, previous
treatment, or preference (1able 1).

Procedural technique

Procedures were performed in the bronchoscopy suite with
anesthesia by moderate sedation or monitored anesthesia
care (MAC).

CP-EBUS was utilized to deploy FM into the lesion
of interest under real-time ultrasound visualization by the
following method:

(I) The lesion was located and sampled via CP-
EBUS using a 7.5 MHz EBUS bronchoscope and
dedicated 21-G needle (Olympus BF-UC180F and
ViziShot needle, Olympus America, Center Valley,
PA, USA).

(II) The needle was withdrawn, and rapid on-site
evaluation (ROSE) of biopsy material was utilized
to diagnose and confirm target.

(III) A 0.5 mm x 0.75 mm visicoil FM was then opened
and modified by straightening the coil into a wire
and then dividing it into shorter segments using
scissors. The internal stylet was partially pulled
back, and pieces were back-loaded into the tip of
the needle and the tip sealed with sterile bone wax
to prevent dislodgement (Figure 14,B,C,D).
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(IV) The lesion was then relocated via CP-EBUS
and punctured with the FM loaded needle. The
stylet was advanced into the needle deploying the
FM, under real-time imaging, into the lesion.
(Figure 2A4).

(V) Steps 3 and 4 were repeated 3-5 times resulting in
the placement of 3-5 modified FMs in the target
lesion of interest.

We describe two representative cases with the complete

list of patients presented in Tuble 1.

Case 1

A 76-year-old male with a history of oropharyngeal
carcinoma presented post chemotherapy and radiation
completed several months prior. A restaging combined
positron emission tomography-computed tomography
(PET-CT) scan revealed an isolated right infrahilar, station
12R, 1 cm hypermetabolic LN suspicious for metastatic
disease. We were asked to biopsy the lesion to confirm
recurrent disease and place FMs for SBRT.

The patient was brought to the bronchoscopy suite
and underwent MAC anesthesia. Using the dedicated
7.5 MHz EBUS bronchoscope and a 21-G EBUS needle,
a 1 cm right infrahilar LN correlating to the radiological
finding was identified and sampled by EBUS-guided
transbronchial needle aspiration (TBNA). ROSE cytology
confirmed the presence of malignant cells in the lesion.
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Figure 1 Loading fiducial marker into the TBNA needle. (A) EBUS needle and partially withdrawn stylet; (B) intact visicoil FM; (C)
back loading modified FM; (D) partially loaded FM and bone wax used to seal the tip. TBNA, transbronchial needle aspiration; EBUS,

endobronchial ultrasound; FM, fiducial marker.

Using the above listed steps, modified FMs were then
placed, under real-time ultrasound visualization, into the
lesion of interest. The patient went on to receive FM-
guided SBRT. Subsequent imaging revealed the FMs to be
in stable position over several months follow-up (Figure 2B).

Case 2

An 84-year-old female with a history of left upper lobe
squamous cell carcinoma of the lung resected 15 years
prior was found on surveillance PET-CT to have a
hypermetabolic 2 em x 2 cm right upper lobe nodule
approximately in the lower right paratracheal region.
Previously, the lesion had been biopsied and proven to be
squamous cell lung cancer. A decision was made to treat
with SBRT, and we were asked to place a FM. Using the

same technique as described in case 1, three modified
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FM were put in the lesion using real-time CP-EBUS
visualization. The patient underwent FM guided SBRT to
her malignant lesion.

Procedural outcomes

All patients went on to receive FM guided SBRT to their
malignant lesions. There were no cases of FM migration
or malfunction (Figure 2B) and the modified FMs worked
as intended in accurately guiding SBRT to the targeted
volume. No adverse events related to the diagnostic biopsy
or FM placement procedures were noted. On follow-up,
there was no evidence of FM migration or expectoration,
hemoptysis, pneumothorax, or pulmonary or mediastinal
infection. Further, we are not aware of any serious adverse
events related to the SBRT treatment of our patients’
centrally located lesions.
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Figure 2 (A) EBUS needle in the hilar lesion with deployed FM
visible distal to the needle tip; (B) CT scan of the chest 6 months
after SBRT showing FM in good position. EBUS, endobronchial
ultrasound; FM, fiducial marker; SBRT, stereotactic body

radiotherapy.

Discussion

In 2016, an estimated 224,390 new US cases of lung cancer
were diagnosed with 158,080 deaths from lung cancer (21).
Incidence of lung cancer diagnoses, and especially early
disease, is likely to increase after the results of the National
Lung Screening Trial (NLST) showed a relative reduction
in mortality for patients screened with low dose CT (LDCT)
of 20.0% (22). This led to the recommendation of LDCT
screening in selected groups by the U.S. Preventative
Service Task Force (23). The determining factor in lung
cancer survival is the distinction between early and late
stage disease, as the former can usually be managed with
surgical resection of lung tumor. However, as many as 25%
of patients with potentially surgical disease may be ineligible
to surgery due to prohibitively diminished pulmonary
function or medical comorbidities (24). Twenty-five percent
of patients with stage 1A lung cancer are, unfortunately,
ineligible for surgical remedy due to age, comorbidity,
or preference (24). This incidence is likely to continue to
increase as the population ages further, and with continued
widespread adoption of lung cancer screening.

SBRT in inoperable lung cancer and

oligometastatic disease

Historically, patients with inoperable early stage NSCLC

© Journal of Thoracic Disease. All rights reserved.

jtd.amegroups.com

1975

were offered conventional radiation therapy (RT) or
observation alone. While there is a survival benefit to
receiving conventional RT, the 3-year survival of either
approach is well below 50% (25). Early on, attempts
to improve tumor control by escalating radiation doses
were offset by organ toxicity. The unique radiobiology
of SBRT has been shown to cause secondary killing of
tumor cells through induction of apoptosis, vascular
damage, and enhancement of anti-tumor responses (8).
These are crucial therapeutic mechanisms of SBRT, but
its defining characteristic is accuracy. This feature permits
SBRT to deliver highly therapeutic doses of radiation
while minimizing collateral damage to adjacent, healthy,
tissues. Beginning in the 1990s, technological advances
and computer modeling allowed for significant advances
by way of stereotactic body frames and improved image
guidance (8). This allowed for the development of
stereotactic body radiation therapy (SBRT), a form of
ionizing RT, which can be delivered with a high degree of
accuracy over a single dose, or a small number of fractions,
to a peripheral or central thoracic target (9). In 2010, results
of a phase 2 North American multicenter trial led to the
wide acceptance of SBRT’s potential. In this landmark
study, RTOG 0236, Timmerman et 4l., performed SBRT
on patients with biopsy proven peripheral NSCLC stages
T1-T2, NO, MO who were non-operable. These patients
received a total of 54 gray (Gy) delivered in 3 fractions over
1-2 weeks. This treatment resulted in a 3-year survival
rate of 55.8% (26). To date, no other development in the
management of NSCLC has had such a positive impact on
patient survival.

SBRT planning

Effective radiotherapy of treatment of tumors in the thorax
must balance tumor control with minimizing toxicity to
surrounding tissues, including adjacent lung parenchyma,
spinal cord, esophagus, heart, and great vessels. Planning
starts with a radiation oncologist simulating therapy with
CT/PET, MRI, or a combination of all these modalities.
Images are then transferred to a planning computer where
the radiation oncologist and physicist will outline the
gross tumor volume (GTV). GTV can then be extended
to account for microscopic spread of tumor creating the
clinical target volume (CTV). Finally, consideration of tumor
motion due to respiratory and or cardiac motions, along
with detailed information regarding the geometry of normal
surrounding tissues, will result in the final planning target
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volume (PTV). Radiation beams will then be contoured to the
PTV to maximize accuracy and minimize toxicity (9).

Further accuracy of SBRT is attributed to its ability to
deliver radiation to moving targets, especially in the thorax.
This is achieved by careful positioning, immobilization of
the patient during simulation and treatment and respiratory
tracking or gating. 4-dimensional (4DCT) scans, slow CT
scans, confocal CT, and or audio-visual biofeedback are
some of the ways respiratory motion is accounted for during
simulation and treatment (8). Another way of tracking
tumor movement is with the use of internal FMs.

FMs

In FM based tracking, 2-3 fiducials are placed adjacent to
or within the target lesion. FMs are generally composed
of gold, as these are dense enough to be targeted by
SBRT tracking systems. After placement, 3D or 4D (4"
dimension = time-tracked) treatment planning will be
performed using the FMs as reference points for computer
simulation, and can even be tracked in real time by some
SBRT platforms (27). For example, the CyberKnife Robotic
radiosurgery system (Accuray, Inc., Sunnyvale, CA, USA)
is an SBRT platform that delivers highly accurate therapy
by way of FM tracking (17,28-33). During CyberKnife
treatments, a robotic arm tracks internally placed fiducials
in real-time during SBRT sessions. CyberKnife tracking
depends on contrast differences between tumor and
adjacent tissue. FMs are essential to aid accurate targeting,
particularly when the lesion of interest is less than
20 mm in diameter or is adjacent to the heart or spine (34).
"Traditionally, FMs have been placed using a transthoracic
CT-guided approach, a procedure with up to a 30-50% rate
of pneumothorax rate when performed for this indication
(27,35-39). This presents a uniquely problematic issue
in a patient population with high incidence of severely
compromised lung function. This approach is also
suboptimal for central thoracic lesions given the need
to cross more lung and thoracic structures to reach the
lesion, and this results in a significantly higher risk of
pneumothorax and bleeding.

Bronchoscopy and SBRT
Patients being considered for SBRT should be carefully

evaluated for any LN spread of disease using a systematic
approach. A potential drawback of SBRT versus surgery is
the lack of LN sampling. A study evaluating the additive
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diagnostic benefit of CP-EBUS when considering
SBRT found EBUS-TBNA led to stage shift in 47 out
of 266 patients (18%). Patients were upstaged, and
therefore considered ineligible for SBRT, but 40 (54%)
were also down staged to NO after EBUS-TBNA, and
therefore became SBRT eligible (40). Studies are ongoing
(NCT01786590 and NCT02719847) comparing CP-EBUS
to PET scan and its additive benefit for use in patients
being considered for SBRT.

Combined CP-EBUS, electromagnetic navigation
bronchoscopy (ENB), and radial probe endobronchial
ultrasound (RP-EBUS) to diagnose, stage patients and
place FMs, if appropriate, in a single procedure have been
demonstrated by other groups (17,31,33,34,41-52) (see Table 2).

The above referenced approaches have differences in
certain procedural details depending whether the FM
was modified or not, whether FM were front-loaded or
back-loaded, and the FMs used. However, they all share
the characteristics of providing a single, “all-in-one,”
bronchoscopic approach to diagnosis, staging, and FM
placement which is safe, convenient, and cost-effective.

Another advantage to bronchoscopy as a delivery
mechanism for FM placement is the complimentary nature
of CP-EBUS delivered FM and RP-EBUS plus ENB
delivered FM. CP-EBUS can be used to for systematic
hilar and mediastinal staging, and accurate delivery of FMs
to central targets including LNs and central parenchymal
lesions (24,41,42,44). The RP-EBUS+ENB approach
is similarly safe and effective in biopsy and FM marker
placement of, and in, peripheral lesions that might be
outside the reach of CP-EBUS (24,28,33,47,48,50,53-55).
Relative to CT-guided percutaneous FM placement,
RP-EBUS + ENB delivery of FMs results in fewer
complications; namely iatrogenic pneumothorax. While the
two modalities have not been directly compared, the estimated
rate of pneumothorax with CT-guided FM delivery versus
RP-EBUS + ENB FM delivery is approximately 30% versus
6%, respectively (33,42). Notably, FMs delivered via either
approach have not been shown to migrate out of position
after placement over time (28,34,41,56).

Taken together, CP-EBUS and RP-EBUS + ENB, allow
for complete bronchoscopic access to the lung parenchyma
and thoracic LNs. This avoids exposing patients to multiple
procedures and anesthesia. Bronchoscopy for diagnosis,
staging, and placement of FMs can be safely performed in
a single procedure, even in high-risk populations (24). This
provides for safe and efficient diagnosis, staging, and FM
placement with maximal patient convenience.
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Table 2 Published studies of CP-EBUS and RP-EBUS facilitated FM placement

Author and year ~ Patients (number) Location Fiducial MIG (Y/N) MC rates (%) Equipment
Anantham 2007 8 P Gold seeds Y 0 SuperD/Bronchus/CyberKnife
Schroeder 2010 52 P Gold markers; platinum coils N 5.8% SuperD/CyberKnife

Harley 2010 43 C/P  Gold markers Y 2.3% SuperD/CP-EBUS/CyberKnife
Roman 2012 6 C/P  Gold visicoil N N SuperD/CP-EBUS

Hagmeyer 2014 6 P Gold markers Y 0 SuperD/CyberKnife
Nabavizadeh 2014 31 P Platinum coils N (<2%) 3.2% SuperD/RP-EBUS/Novalis SBRT
Steinfort 2015 15 P Gold visicoil Y 0 SuperD/RPUS

Belanger 2016 5 C  Gold (NOS) N 0 CP-EBUS/CyberKnife

Casutt 2017 1 C Gold visicoll N 0 CP-EBUS/CyberKnife
Chambers 2017 1 C Microembolization coil (cook) N 0 CP-EBUS/IMRT

Khandhar 2017 210 P Unknown (pooled data) Y 5.7% ENB (NOS)

CP-EBUS, convex probe endobronchial ultrasound; RP-EBUS, radial probe endobronchial ultrasound; FM, fiducial marker; P, peripheral;
C, central; MC, major complication; MIG, migration; NOS, not otherwise specified; SuperD, SuperDimension; SBRT, stereotactic body
radiation therapy; IMRT, intensity modulated radiation therapy; ENB, electromagnetic navigation bronchoscopy; Y, yes; N, no.

We believe our technique has numerous favorable
characteristics. As CP-EBUS is becoming ubiquitous, use
of available equipment results in significant cost savings.
Similarly, training in EBUS bronchoscopy is largely
the norm in pulmonary fellowship training programs.
For the physician facile with the use of CP-EBUS, FM
placement by this technique is a simple procedure to learn
and perform, with little overall added procedure time.
Combining diagnosis, staging, and FM placement in once
procedure may result in further cost savings, convenience,
and improved safety for the patient. Although a small
series, this technique has the same excellent safety profile
as EBUS-TBNA with minimal bleeding or pneumothorax
risk, a major advantage over CT-guided transthoracic
approach (57-61). Finally, this technique allows for real-time
ultrasound guided direct visualization of FM placement,
which facilitates precise and effective placement of FM.
A reasonable concern is whether our FM modification
process compromises their efficacy or predisposes them
to migration. In our series, the modified FMs performed
exactly as required for targeting, with no evidence of
migration as indicated by surveillance imaging (Figure 2B).
A limitation of our technique owes to the large size of
the CP-EBUS bronchoscope (6.8 mm outer diameter),
which confines this approach to mediastinal and hilar LNs
and centrally located lesions. Once technology evolves and
smaller CP-EBUS bronchoscopes are made, the technique
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may be expanded to more peripheral lesions. In this respect,
FM placement via CT-guided biopsy, ENB-guided, and RP-
EBUS placement offer complementary approaches to access
peripheral lesions currently beyond the reach of our technique.

Given the density of critical organs (e.g., heart, trachea,
mainstem bronchi, esophagus) and neurovascular structures
(e.g., great vessels, recurrent laryngeal and vagus nerves)
located within the central thorax, a longstanding concern
has been that application of SBRT to centrally located
lesions posts an unacceptably high risk of serious or even
fatal complications due to collateral damage of adjacent
healthy structures. In particular, the 2 cm area extending
from the main carina to the lobar bronchi, colloquially
known as the “no-fly zone (NFZ)” was considered to be
especially high risk to treat with SBRT (62). Potential
serious complications included airway necrosis, fatal
hemoptysis, severe esophagitis, pneumonitis, neuropathies,
bronchial stenosis, and atelectasis. As a result, traditional
thinking was that lesions in the NFZ of the central thorax
were not well suited to SBRT. However, since this concern
was first published in 2006, much progress has been made
in the planning and delivery of SBRT to central thoracic
lesions, including the NFZ to significantly mitigate this
risk. First, improved and refined planning and delivery
technology for SBRT has further increased the precision
of this treatment approach reducing the affected volume of
normal tissue adjacent to central lesions being treated with
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Figure 3 SBRT planning images showing contours to delineate target lesion and surrounding structures. SBRT, stereotactic body radiotherapy.

SBRT (63). Second, as the number and breadth of patients
undergoing SBRT increases over time, groups at higher risk
for serious central lesion SBRT-related complications have
been identified and can now be prospectively identified
as requiring an alternative treatment plan (64,65). Along
these same lines, numerous risk mitigation SBRT strategies,
such as hyperfractionation or dose reduction, have been
developed to treat patients with high-risk NFZ central
lesions being considered for SBRT (66,67). Advances in
technology, improved patient selection, and refinement
and customization of SBRT treatment strategies now make
treatment of centrally located thoracic lesions with SBRT
a highly efficacious option with an acceptable rate of minor
and major complications, and more recently published case
series are reflective of this (66,68-70).

Coding and billing

SBRT (Thoracic) Planning CPT 32701 is defined as
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thoracic target(s) delineation for stereotactic body radiation
therapy (SRS/SBRT), (photon or particle beam), entire
course of treatment (71).

SBRT planning is a collaborative service between
the surgeon or operator, and radiation oncologist that is
distinct from treatment, dosimetry, or management by the
radiation oncologist. Planning occurs prior to treatment
and is billed once to capture the planning for the entire
course of treatment. During the planning process, thoracic
targets, borders, volume, relation to adjacent structures,
and if available, FMs are delineated. Note that placement
of FMs (CPT 31626 if done via bronchoscopy) is a distinct
procedure from SBRT planning, done separately, and
does not impact the SBRT coding.. Planning may also
help validate target in tracking system that does not use
fiducials depending on software capabilities (see Figures 3,4).
Planning systems have become more comprehensive
and offer the ability to generate detailed reports prior to
treatment.
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SBRT documentation requirements include:

KD
°

2
o
KD
°

KD
°

Collaboration between physician and radiation
oncologist;

Correlation of tumor and contiguous body
structures;

Determination of borders and volume of tumor;
Identification of FM;

of target when FMs are not used.

Reporting requirements include:

*.
°n

K2
o

Computer planning with image fusion;

Using available imaging, collaboration to outline
target and help develop dosimetry plans (s) and
select the plan with focus on maximal treatment to
target lesion and minimal impact on surrounding
structures;

Communication with patient, family, and treating
physicians;

Availability to assist optimal patient positioning or to
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adjust plan;

% Any supporting notes and orders;

% Signature credentials, date, time.

In our center after patient has undergone successful
FM placement SBRT planning is initiated. We perform
a thorough review of the imaging, note the volume of
the tumor, determine the borders and contiguous body
structures, identify FM and document this clearly as
described above. We collaborate with radiation oncologist
to develop the dosimetry plans and once plans are finalized
these are uploaded in the EMR as part of documentation.

Conclusions

Our experience demonstrates the feasibility, efficacy, and
safety of combining CP-EBUS and FM placement, and can
be widely performed by any pulmonologist trained in the
use of EBUS-bronchoscopy with little added training, cost,
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or risk. Our case series demonstrates the repeated successful
clinical application of this approach in a diverse group of
patients, as well as highlighting its broader applicability
to peribronchial recurrent or oligo-metastatic thoracic
neoplasms of any origin, not simply early stage bronchogenic
neoplasms. We also highlight the ever-expanding
applications of CP-EBUS. This trend is likely to continue
as the size of CP-EBUS bronchoscopes shrink, increasing
the reach of CP-EBUS, and applications for delivering
therapeutics directly to lesions via bronchoscopy are
developed. In conjunction with RP-EBUS + ENB, almost
complete endobronchial access to the thoracic LNs and
lungs is achievable, and represents a new safe, effective, and
convenient option for patients in the diagnosis, staging, and
treatment of intrathoracic malignancies.
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