THE ANNALS
OF
THORACIC SURGERY

Accepted Manuscript

CT-Guided Percutaneous Radiotracer Localization and Resection of Indistinct/Small
Pulmonary Lesions

Domenico Galetta, MD, PhD, Cristiano Rampinelli, MD, Luigi Funicelli, MD, Monica () @
Casiraghi, MD, Chiara Grana, MD, Massimo Bellomi, MD, Lorenzo Spaggiari, MD,
PhD

PII: S0003-4975(19)30624-1
DOI: https://doi.org/10.1016/j.athoracsur.2019.03.102
Reference: ATS 32594

To appearin:  The Annals of Thoracic Surgery

Received Date: 4 December 2018
Revised Date: 19 March 2019
Accepted Date: 29 March 2019

Please cite this article as: Galetta D, Rampinelli C, Funicelli L, Casiraghi M, Grana C, Bellomi
M, Spaggiari L, CT-Guided Percutaneous Radiotracer Localization and Resection of Indistinct/
Small Pulmonary Lesions, The Annals of Thoracic Surgery (2019), doi: https://doi.org/10.1016/
j-athoracsur.2019.03.102.

This is a PDF file of an unedited manuscript that has been accepted for publication. As a service to

our customers we are providing this early version of the manuscript. The manuscript will undergo
copyediting, typesetting, and review of the resulting proof before it is published in its final form. Please
note that during the production process errors may be discovered which could affect the content, and all
legal disclaimers that apply to the journal pertain.


https://doi.org/10.1016/j.athoracsur.2019.03.102
https://doi.org/10.1016/j.athoracsur.2019.03.102
https://doi.org/10.1016/j.athoracsur.2019.03.102

CT-Guided Percutaneous Radiotracer L ocalization and Resection of I ndistinct/Small Pulmonary L esions

Running Head: Lung Nodules Localization and Reeacti

Domenico Galetta, MD, PhHD
Cristiano Rampinelli, MB
Luigi Funicelli, MD?
Monica Casiraghi, MB
Chiara Grana, MP
Massimo Bellomi, MB*

Lorenzo Spaggiari, MD, PHJ

'Division of Thoracic Surgery, European InstituteGofcology, IRCCS, Milan, Italy
“Division of Radiology, European Institute of Onagyo IRCCS, Milan, Italy
®Division of Nuclear Medicine, European Institute@ifcology, IRCCS, Milan, Italy

“Department of Oncology and Hematology-Oncology-DIP@iversity of Milan, Milan, Italy.

Keywords: Lung Cancer Surgery, Computed tomograptigimally invasive surgery

Word count: 4589

Corresponding Author:

Domenico Galetta, MD, PhD
Division of Thoracic Surgery
European Institute of Oncology
Via Ripamonti, 435, Milan, Italy

E-mail: mimgaletta@yahoo.com




Abstract

Background: Detection of small pulmonary lesions has increaaed often they are difficult to localize and
resect. We present our mature experience with pratigpe computer-tomography (CT)-guided radiotracer
localization followed by resection of these lesions

Methods. Patients with pulmonary nodule smaller than 1 e/er deep below the visceral pleura underwent
CT-guided injection of radiotracer technetium maggregates (99mTc-MAA) in/close to the lesion. Angza
probe was used to localize the marked area thatregested and in case of primary lung cancer, ectoiny
with nodal dissection was performed.

Results. Between November 2007 and December 2017, 262np&{i£96 men; median age 63 years) underwent
preoperative radiotracer injection with a succdssfarking in all patients. Complications includesl @3.4%)
asymptomatic pneumothoraces, 36 (13.7%) parenchiemlorrhage suffusions, and 2 (0.7%) mild allergic
reactions to contrast medium. In all cases, exfmp®, the gamma probe revealed the pulmonary heditean
distance from the pleura was 10 mm (range, 0-40.rRuimonary resection was performed by thoracosaopy
212 (80.9%) cases, intentional thoracotomy in 48.0%), converted thoracoscopy in 8 (3.1%). Mean
pathological nodule size was 9.3 mm (range, 2.5389. 166 (63.4%) nodules were nonsolid, 64 (24.48%e
partially solid, and 32 (12.2%) had a solid morpiggl Histology showed 16 (6.1%) benign and 2469%3.
malignant lesions (218 primary lung cancers).

Conclusions. Preoperative radiotracer localization of smalli&tidct pulmonary lesions is simple and feasible

with a high rate of success. It may be an effedive attractive alternative in managing lung lesion

Abstract Word count; 249



In the last decades, thoracic surgeons are faced amd more with the management of an increasintper of

patients with small lung nodules due to a diffuse wf computed tomography (CT) scans in daily cdihi
practice [1-6]. These patients are evaluated basegatient and imaging characteristics to deterntive
probability of the nodule being malignant [7].

The early diagnosis of these small pulmonary nalidémportant because in cases of lung cancer the
prognosis of these patients is correlated withrtlsegie [8,9]. However, preoperative attempts toaobta
cytological or histological diagnosis through tdarenchial or transthoracic needle biopsy and pmsiemission
tomography (PET) scans do not always allow defiaitexclusion of the malignant nature of these hesio
[10,11]. Patients with a solitary small lung nodtiat is highly suspicious for primary lung cancerdergo
wedge resection, intraoperative pathological evadoafollowed by a lobectomy, if proven malignant.

Traditionally, these patients underwent a thoraogtdollowed by palpation of the lung and eventually
resection of the lesions. Patients with a nodud¢ Was >5 mm away from the pleura that was <1 csize had
about 63% chance of needing thoracotomy to remozeodule [12]. However, the advancement of badlew
assisted thoracoscopic surgery (VATS) and robatiisted minimally invasive procedures has led ® th
development of advanced localization techniquesstiid thoracotomy.

Advanced localization techniques are performed wither transbronchial or transthoracic localizatio
The most common transbronchial technique utilizesteemagnetic navigation bronchoscopy to pladelacfal
marker with concurrent methylene blue dye injectOn subsequent thoracoscopic examination, theresn
be identified with methylene blue on direct visaation and the fiducial can be identified with fltascopy [13].
Another option is to perform transthoracic locdii@a with CT-guidance by a radiologist who leaves a

hookewire [14-16], microcoil [17-19], dye and casr dye [20-24] or radiotracer in the nodule imragsly



prior to surgical resection [25-30]. This latter thed has been largely used in our Institution sig087. It
consists in the preoperative percutaneous placeaientechnetium®TC) radiotracer in or near the lung lesion
using CT guidance with subsequent thoracoscopiglilation by endoscopic radio probe. This technigae
been modified by other authors [26-28] who uS8@€ macro-aggregated albumin (MAA) that stayed lizeal
in lung parenchyma for 18-24 hours.

The purpose of this study was to evaluate the texfl our consolidated experience in terms of
feasibility, safety, and efficacy of the procedofepreoperative CT-guided radiotracer localizatiollowed by

resection of small, indistinct, or non-palpablemahary lesions.

PATIENTSAND METHODS

Sudy Patients

The proposal to placETC radionuclide to guide subsegment lung reseatias approved by our Institutional
Review Board. All patients with small pulmonary nbtes who were enrolled to receive preoperative Gitied
radiotracer localization followed by resection wémormed of the procedure's benefits, risks, dndtdtions
and gave their written approval.

Between November 2007 and December 2017, 262 aatisgcpatients underwent radiotracer injection
followed by thoracoscopic localization for solitaipdiagnosed lung nodules. Patients who had mawe dhe

nodule requiring localization were excluded frons tstudy.

Indication for Tumor Localization



Indications for surgical biopsy of the small ordifined pulmonary lesion were the presence of & psitive
nodule or a nodule increasing in size in subseqGd@nscans even if PET was negative. Patients waleeted
for the radiotracer procedure in the following casa) when solid nodules were present, localizatias
recommended for small (diameter <10 mm) or deepbated (distance from the visceral pleura >10 mm)
nodules; b) subpleural cavitary lesions and graglads opacities (GGOs) were localized regardleskeif size

and depth.

Technique of preoperative CT-guided radiotracer localization

The technique of preoperative localization of luegions by the use of preoperative CT-guided paradus
placement of°TC radiotracer has been previously reported [29, Boiefly, a radiologist experienced in
interventional techniques performed CT-scan loadilin (Figure 1A). Positioning of patients in th& €canner
was performed to achieve the shortest direct patin the skin to the pulmonary lesion to be markathges
acquired to localize the lesion were 1.25 mm thitkout contrast medium. When possible, a direct \aartical
needle trajectory was used to reach the targetresifter injection of local anesthetic, the cotrpacement of
the tip of a 25G needle in or near the nodule veasigd with a further series of 12 to 20 imagegy(ife 1B).
Once this was confirmed, 0.2 to 0.3 mL of a solutemposed of 0.1 to 0.15 nfTC-MAA (MAASOL; GE
Healthcare, Buckingamshire, UK) and 0.1 to 0.15 mdnionic iodinated contrast medium was injected.
Depending on the time interval between localizatiad the planned surgerypd to 9ug human serum albumin
macro aggregates labeled with 7 to 15 MBq eldt€€-MAA were used. A further CT scan was performed a

the end of the injection procedure to define tratritiution of the contrast medium, which also alohus to



check for any iatrogenic pneumothorax (Figure 143).immediate postprocedure nuclear medicine scitig

was obtained to confirm the intraparenchymal lacatf the radiotracer (Figure 1D).

Surgical Treatment

The surgical procedure was performed within 24rdtom the nodule localization withTC-MAA,
either on the same day or the next day. The patiast placed in the lateral decubitus position atet a
general anesthesia with single-lung ventilation imdsiced. Video-thoracoscopic camera was usuditgduiced
in the VIl intercostal space. A second thoracoscapcision or small anterior utility thoracotomy svéhen
performed for the introduction of the endoscopinga detecting probe (Neo 2000; Neoprobe, Dublin) OH
(Figure 2A) which allowed to identify the exact &ion of the nodule passing its over the surfacehef
involved lung (Figure 2B). In some cases, this pthee was performed trough a lateral muscle-sparing
thoracotomy. The identification of the nodule wasédd on the maximum signal intensity by both a mioaand
an acoustic signal (Figure 2C). The identiff€6C marked area was lifted up and a long clamp vesstipned
below this area. The lung parenchyma below the ptahrzone was checked by radioprobe (Supplemeriél Fi
1,A) and if the signal was absent or very low respe the marked nodule, the stapler was placeel &ied fired
(Supplemental File 1,B), and the specimen was reahdav an endobag. The radioprobe was used to ootifie
absence of signal in the remaining lung (both sthfihe and nearby parenchyma) (Supplemental ¢ dnd
to determine scintigram counts of the resectedismc (Figure 2D). A frozen-section examination bét
resected lesion was performed. Patients with airtoefl diagnosis of primary lung cancer underwemhédiate

lobectomy or segmentectomy followed by nodal dissec



RESULTS

Characteristics of Patients and Pulmonary Lesions

Between November 2007 and December 2017, 262 patiath ill-defined or not palpable pulmonary lesio
underwent CT-guided radiotracer placement, wittuecessful marking in all the patients, and radiagd

surgical biopsy. Table 1 depicts the general charatics of the study participants. There were f2e and 66
female patients, with a median age of 63 yeargg&ah9 to 79). The mean nodule size was 9.3 mngérah 5-
39 mm). Radiological aspects of the pulmonary neslulere as follows: in 166 cases (63.4%) they were

solid with GGO aspect; in 64 cases (24.4% they wartially solid, and in 32 cases (12.2%) they wsokd

lesions.

Localization Procedure

No significant complications occurred in relatian@T-guided marking of the lesion, except for a) 35
patients (13.4%) who developed a small asymptonpatézimothorax (demonstrated only by post-procedtiral
and ranging from few millimeters to 3.0 cm) all maged conservatively except two requiring chest tube
placement before surgery; b) 36 patients (13.7%) priesented a parenchymal hemorrhage suffusionhveliic
not need neither surgical intervention, nor blomhsfusion; c) and two cases (0.7%) who had milergit
reaction after the percutaneous injection of cattraedium controlled by of steroid administrati@f. these
patients, four had simultaneously a pneumothorag@ated with hemorrhage suffusion.

All radiotracer injections were confirmed with sigmaphy which showed that 248 patients (94.6%) had
a correct radiotracer positioning while 14 patigtg%) had a mild extravasion of radiotracer itht® pleura or

diffusion into the surrounding area of the tardpetyvever, that did not interfere with the detectidmadiotracer



at surgery. 105 patients (40.1%) underwent surgenthe same day of the localization procedure, Esid
patients (59.9%) the day after the localizationcpture. The reduction of radioactive signal reldtethe 6-

hour half-life of**TC-MAA in the delayed cases did not affect ouriaptb localize lesions.

Operative and Perioperative Results

At surgery, pulmonary resection of the lung undeteed nodule was performed by thoracoscopy in
212 patients (80.9%) and by intentional thoracotoimy42 cases (16.0%). Intentional thoracotomy was
performed for deep nodules that the surgeon believere not removable by the thoracoscopic stapling
technique. The nodules were not palpable at opmiat¢btomy and required radioprobe guidance forlitzation
and successful excisional biopsy. Eight patient&%3 required conversion to open thoracotomy armgdy
after thoracoscopic assessment of the nodule'sldotation by the operating surgeon judged theuteodas
too deep for thoracoscopic wedge excision (Table B) every case a frozen section of the nodule was
performed and the surgical procedure was then aeghl according to the result of the pathological
examination. Table 2 reported the histology of bepsied nodules. There were 16 cases (6.1%) dfjben
lesions while malignant lesions were encountered4ié cases (93.9%). Of these, 218 patients (832d)a
primary lung cancer while 28 patients (10.7%) hadedastatic lesion. All patients found to have p@niynlung
cancer underwent an immediate lobectomy and lyngade rcomplete resection or, if severe emphysema was
present, underwent a segmentectomy or a wide weskgction. Overall, lobectomy was performed in 187
patients, segmentectomy in 11 cases, and wedgetizmse 64 cases. A frozen section of the surgiwatgins
of the initial wedge resection of the 246 malignaases was also performed and in no of these thase

microscopic neoplastic disease. Neither intraoperahor postoperative mortality occurred. Postoeza



complications were reported in 32 cases (12.2%) inoldided prolonged air leaks (n=24), atrial filatilon

(n=6), pulmonary embolism (n=1), and transient ésolt attack (n=1).

COMMENT

As the use of CT becomes widespread in clinicattfme, the frequency of encountering small or fé@sions
on CT is increased [31]. Low-dose CT greatly insezathe likelihood of detection of small nodulex] &1.7%
of detected lung cancers found during baselineesing were GGO [32]. According to some authorsse¢he
small nodules may be safely followed with serial €ans to assess for their growth; some of thedales
particularly those less than 5 mm, are said torthi&ely to be malignant. However, there is an iagiag rate of
malignancy in nodules greater than 5 mm. In sonper&nces, is reported that a 12% of patients wdtthules
between 5.0 and 9.0 mm were diagnosed with maligna follow-up [32]. It is intuitive that the riskf
malignancy increases with the increasing diamefté¢he pulmonary nodule. Given these data, it i®efal to
definitively establish a diagnosis for small lungdnles in high-risk patients.

The accurate early diagnosis of these small nodsllelallenging, even with dedicated CT, PET-CTinweige-
guided percutaneous biopsy [10, 11]. We have nabdopercutaneous biopsy to be useful for thesenssi
particularly for sub centimeter nodules. Othersehaaported a significant risk of false-negativeulissand
complications with this technique [33]. The mostwrate means for obtaining a definitive tissue xésis for
suspicious, small nodules remains the surgicakextibiopsy.

VATS resection remains the preferred surgical piace for both diagnosis and, in selected casesntent of
pulmonary nodules. One of the major problems o#tanountered during VATS is localization of the rg

nodule, which depends on its location, size, aratadteristics such as nodule consistency. Funiitezn small



nodules are located more than 2 cm below the glsuréace, it is difficult for surgeon to determittesir exact
location during operation [34]. Failure to localizelmonary nodules often results in the conversioATS to
open thoracotomy with a conversion rate ranginfel% up to 63% for subcentimeter nodules [12, 35].
Several preoperative and intraoperative technigass been described for nodule localization whefopming
VATS [13-30]. These procedures include metallic kwdioe localization under CT guidance, CT-guided mic
coil, a localization technique using barium or mitag with methylene blue, and endothoracic pulmgnar
sonography. These methods are generally effective Burdened with significant rates of failure and
complications: a) dye placement is limited by diffan away from the nodule and difficulty in viszaliion in
patients with extensive anthracotic pigmentatiop;the injection of liquids that are not soluble mbg a
potential risk of embolism and cerebrovascular genis if these inadvertently reach the systemicutition
[22]; c) there is an high incidence of dislodgemehthe hookwire or micro-coil during transportatito the
operating room or during lung deflation for thoracopy, inducing pneumothorax, or during the maneufa
pulmonary surgical resection, thereby rendering ghecedure unsuccessful. Moreover, probably duthi®
dislodgement, the hookwire technique may lead trajpulmonary hemorrhage, pleuritic pain, and aibelism.
The main advantage of the intraoperative thoragwscaltrasonography technique for the localizatioh
pulmonary nodules is that it does not require peeajive procedures. Unfortunately, this technigas hn
intrinsic limitation due to the absence of propagabf ultrasound in the presence of air. Thereforgatients
with emphysematous lung, in case of incomplete pobny collapse and in case of the presence of sndll
deep lesions, the rate of successful localizasaseen to reduce significantly. Moreover, its sasde operator-

dependent [36].
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In the literature are reported few experiences with use of the percutaneous injection of radietrac
[26-30]. We perform CT-guided radiotracer injectiosing “*TC-MAA solution, modifying the technique
described by Grogan [28], by adding a small amadintonionic iodinated contrast medium to the radicgr
which allowed (a) to visualize the contrast medilistribution in relation to the nodule and (b) betjuides the
intraoperative localization performed by the surgeo

CT-guided percutaneous radiotracer localizatiormseéo overcome many of the limitations of the
previous mentioned techniques, has a high sucass and has fewer and acceptable procedure-related
complications. The marking of the nodule with aio&@cer is possible in any portion of the lung alwes not
interfere with the histological examination. Furtnere, the technique can increase the accuradyeafessection
by verifying in real time the absence of radiodttiyust above and below the stapler line, thusuasg an
adequate oncological margin. Other advantages isf tdthnique are the following: it does not require
intraoperative fluoroscopy, does not require aesfilltrasonographer, and uses an available radideu(lung
scan), available radio probes (breast sentinel nmaeedures), available CT technology, and avadlabl
thoracoscopic technology.

Some pitfalls have been experienced but have bé@stad for. The first one, occurring in 4 cases in
our experience, is the possibility of an extraviasabf the radiotracer inside the lung parenchyma&dse of
bullous emphysema adjacent to the nodule. Thisleah to a wider area of radioactivity, which redsitlee
precision of the resection. In our experience, wafgired to convert to a small thoracotomy, wite ttodule
nonetheless found inside the radioactive area. lgnbasis of this experience, we can say that hallou
emphysema around the target lesion could be camsidine only true contraindication for this techudq

However, we overpass this risk by leaving the rmd@er near the target area and performing the lesgction

11



according the exact visualization of CT scans wigjafde us to the correct identification of the luega that
must be resected.

A second pitfall also described by other authos B], and occurred in 10 patients of our expegen
is the spillage of the radiotracer into the plew@dce, which may happen if the radiotracer isctejg near the
pleural surface of a major fissure, or more frediyeif a pneumothorax develops during injection.isTh
increases the ground radioactivity, thus enablivgdorrect localization of the lesion, even ifoasurred in our
experience, part of the radiotracer was correafbcited within the nodule. We overcame this pitfglladopting
routine post-CT-placement nuclear medicine sciatigto confirm parenchymal placement of the radasira

A third pitfall could be considered the relativediyort half-life of the radionuclide, which may letd
some difficulties in scheduling injection procedared operation. Preoperative marking of the lesioould be
followed by surgical resection, either immediatetywithin a few hours. Thus, in case the planneédrajion
must be postponed, radiotracer could have dissdheday after its introduction and no longer biedeble. In
our experience, this problem has been overcometté! i TC MAA solution that does not dissipate rapidlyoint
the lymphatic system or surrounding parenchymdadt, we successfully localized nodules up to 1580rs
after the injection of the contrast. In our expecie about 60% of patients were operated on theaftay the
radiotracer injection without difficulty to detettte marked area.

Evaluating the risks of this procedure, we haveriderline the possibility to develop a pneumothorax
like all procedures that require CT-guided placemianour experience, in all the cases in whicls thiippened
(n=25, 9.6%), it was small and asymptomatic exdepttwo cases requiring a chest drain placementrbef

surgery.
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The rate of detection through videothoracoscopjr@gch was high in our experience reaching the rate
of 80.9% (n=212). Even during the open approach,ntiethod was useful for the correct localizatiorthef
nodule, which was resected through simple wedgectiem or typical segmentectomy. Another imporiamint
to consider is the risk of pleural disseminatioe tluthe presence of positive surgical margins itiel wedge
resection. Pathologic data on the surgical marginthe initial wedge resection of the 246 malignaates
revealed that in no of these there was microsaopaplastic disease on the resected margins. Thascdafirm
that our technique of nodule identification andem®n may be considered a safe procedure withiskitaf
pleural dissemination.

At the light of our mature experience, we can affihat the radiotracer localization technique ife sa
and effective, as evidenced by the acceptableofateinor complications after the radiotracer injeot by the
absence of intraoperative and perioperative mdsbatid mortality, and the high rate of malignantyésected
nodules (93.9%). Our use of the localization pracedor both VATS and thoracotomy shows that tkisi
versatile technique that can be applied to varsaugical approaches.

In conclusion, we have reported here our restls large-experience in using radiotracer locaiizat
and subsequent radioprobe-guided excision in 2é@2ma with small or undefined pulmonary noduled. A
nodules were successful localized and excised; ofdsiem were malignant, 83.2% being primary luagaer.
Excised benign nodules were a very small amoud®4. thus, we believe that high rate of resectachgmy
lung cancers justifies the use of this technigugatients with the clinical and radiologic suspimoof lung

cancer.
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Table 1. Clinical and radiological characteristics of the population

Variable Number
Patient population 262
Male/Female 196/66

Median age (range)
Mean nodule size (range)
Mean pleural distance (range)
Nodule morphology (¥

Non solid

Partially solid

Solid

Radiological complications

Aymptomatic pneumothorax

Parenchymal hemorrhage soffusion

Mild allergic reaction to c.m.

Radiotracer confirmation at scintigraphy

Correct

Extravasation

63 years (19-79)
9.3 mm (2.5-39)

10 mm (0-40)

166 (63.4%)
64 (24.4%)
32 (12.2%)
63 (24%)
35 (13.4%)
36 (13.7%)

2 (0.7%)

248 (94.6%)

14 (5.4%)

c.m. = contrast medium
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Table 2. Surgical and Pathological Characteristics of the Population

Variable

Number

Patient population
Time of the surgical resection
Same day of injection
Day after injection
Pulmonary resection technique
Thoracoscopy
Intentional Thoracotomy

Converted Thoracoscopy

Histology (%)
Benign
Malignant
Primary lung cancer

Metastasis

262

105 (40.1%)

157 (59.9%)

212 (80.9%)
42 (16.0%)

8 (3.1%)

16 (6.1%)
246 (93.9%)
218 (83.2%)

28 (10.7%)
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Figure Legends

Figure 1. CT images of the percutaneous placenféatbnetium and scintigram exam. A. CT scan laaion
of the GGO in the left upper lobe. B. Placememexddle tip near the GGO. C. CT scan at the endocplure.

D. Scintigram showing the correct placement ofrtdiotracer.

Figure 2. Surgical technique of identification bétmarked nodule. A. Introduction of the gamma probder
thoracoscopic vision. B. Identification of the magknodule by the gamma probe. C. Visualizatiomef t
maximum intensity of the numeric radioactivity sigrD. Identification the nodule directly on theseeted

specimen.
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