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ABSTRACT

BACKGROUND: The sensitivity of computer tomography (CT) guided transthoracic needle hiopsy for the verification of lung
tumors is reported to range from 74 to 90%. An augmented reality robotic navigation system for CT-guided percutaneous
lung biopsy has been developed to facilitate more precise biopsy of lung lesions. The present study describes the authors’
experience with the navigation system for transthoracic lung biopsy.

AIM: To analyze the safety and diagnostic value of performing a transthoracic biopsy of lung tumors using a robotic CT
navigation system.

MATERIALS AND METHODS: The study included a retrospective analysis of CT-guided robot-assisted transthoracic lung
biopsy procedures performed in the Thoracic and Abdominal Surgical Oncology Department No. 72 of the Botkin Moscow
General Scientific and Clinical Center between November 30, 2023 to April 04, 2024. A total of 104 patients were included in the
study. The biopsy was performed following the developed algorithm.

RESULTS: The specimens obtained were morphologically valuable in 91.8% of cases (n=101/110). A total of 1-4 specimens
(tissue columns) were obtained from each patient during the biopsy procedure. Specifically, 1 specimen was obtained from
7 patients (6.4%), 2 specimens from 57 patients (51.8%), 3 specimens from 43 patients, and 4 specimens from 3 patients (2.7%).
Among the patients for whom morphologically valuable specimens were obtained (n=101), the diagnosis of malignant tumor
was confirmed in 76 cases (75.2%). In all remaining cases (n=25, 24.8%), benign lesions or inflammatory/post-inflammatory
changes were diagnosed. Complications of various severity degrees occurred in 17 cases (15.5%). No deaths were reported (0%).
The findings revealed no statistically significant differences in the frequency of cases with a verified diagnosis based on the
diameter of the biopsy needle (p=0.124). Furthermore, the analysis revealed no statistically significant effect of the diameter
of the biopsy needle (16G or 18G) on the overall complication rate (18.2 and 9%, respectively; p=0.266) and the frequency of
pleural drainage for postoperative pneumothorax (10.4 and 6%, respectively; p=0.72).

CONCLUSION: The CT-guided robot-assisted transthoracic lung biopsy is a safe and effective technique for the morphological
verification of malignant tumors.

Keywords: transthoracic biopsy; lung cancer; computed tomography.

To cite this article:

Bagateliya ZA, Grekov DN, Lebedev SS, Chekini AK, Yakomaskin VN, Bugaev VE, Mkrtumyan RA, Titov KS, Onishchenko MP, Rumer VB. Experience of
Computer Tomography Guided Robot-Assisted Transthoracic Lung Biopsy. Russian Journal of Oncology. 2024;29(4):307-314.

DOI: https://doi.org/10.17816/0nc0636555

Submitted: 20.10.2024 Accepted: 14.02.2025 Published online: 17.02.2025
V-2
ECOCVECTOR Article can be used under the CC BY-NC-ND 4.0 International License

© Eco-Vector, 2024


https://doi.org/10.17816/onco636555
https://doi.org/10.17816/onco636555
https://creativecommons.org/licenses/by-nc-nd/4.0/
https://creativecommons.org/licenses/by-nc-nd/4.0/
https://crossmark.crossref.org/dialog/?doi=10.17816/onco636555&domain=PDF&date_stamp=2024-12-25

308

OPUTHATTBHBIE MCCIEOOBAHA Tom 29, N2 4, 2024 POCCCKIM OHKOMOMVMECKIAY HKypHATT

DOI: https://doi.org/10.17816/0nc0636555

OnbIT BbINONHEHUA TPAHCTOPAKAJIbHbIX
po6oT-accucTUpoBaHHbIX 6MonNcuM onyxonen NErkux
nopa KT-HaBurauuemu

3.A. bararenms’', [1.H. Mpexos’, C.C. Nlebenes', A.K. Yeknnu', B.H. Axomackun', B.E. byraés?,
P.A. Mkptymsn', K.C. Tutos 3, M.I. Onmwenxo', B.5. Pymep!

! MOCKOBCKMIA MHOTOMPOMULHBINA HayYHO-KMHMYecKui LeHTp uM. C.MN. BoTkuHa, Mocksa, Poceus;
2 HaumoHanbHbIA MeIULMHCKUIA UCCNIe0BaTeNbCKIUIA LIEHTP oHKonorn uM. H.H. BnoxuHa, Mocksa, Poceus;
3 Poccuiickmit yunsepcuTeT apyx6bl Hapogos uM. M. Jlymym6bl, Mocksa, Poccus

AHHOTALMA

060cHoBaHMe. HyBCTBUTENIbHOCTb TPAHCTOPaKabHOM NYHKUMOHHOM 6roncun nop, KT-HaBuraumeii B BepudmKaumm 3nokade-
CTBEHHbIX OMyxosen NErkuUx coctasniset oT 74 ao 90%. PoboTvyecKkas HaBUraLmMoHHas cucTeMa C LOMOHEHHON PeasibHOCTbI0
ANSl YPECKOXKHBIX OMOMCUIA NErKMX Nof, KOHTpoNieM KomnbloTepHoi ToMorpadum (KT) nossonsieT 6onee TOYHO BbIMOMHATH
Broncuto ouaros B NErKMX. B maHHol cTaTbe Mbl NpefiCcTaBIsAeM COBCTBEHHDIN OMbIT UCTIONb30BaHWSA HABUTaLMOHHON CUCTEMBI
NPy BbIMOSIHEHWM TPAHCTOPaKanbHOM BUoNCUK oNyXonen NErKuXx.

Llenb. AHanu3 Be3onacHOCTM U AMArHOCTMYECKOW LIEHHOCTU BbIMOAHEHWUS TPAHCTOpaKanbHoW buoncun onyxonen NErkoro
€ noMoLLbto poboTuyeckoit nnatdopmel ans KT-HaBurauum.

Martepuanbl u MeToabl. B ycnoBusx cTaumoHapa Topako-abaoMuHanbHoro oHKoxupyprudeckoro otgeneHus N°72 Mockos-
CKOro MHOrOMpPOGUNLHOTO Hay4HO-KMHUYeckoro UeHTpa uM. C.M. boTkuHa 3a nepuog, ¢ 30.11.2023 no 04.04.2024 Mbl npo-
BE/IN PETPOCMEKTUBHBINA aHan3 BbIMOSHEHUS TPAHCTOPaKanbHbIX poboT-accucTMpoBaHHbIX Buoncuii nog, KT-HaBuraumeii.
Bcero B uccnepoBanue BrtoueHsl 104 naumeHTa. buoncus BbINonHanach cornacHo paspaboTaHHOMY anropuTMy.
PesynbTtatbi: MHpopMaTuBHbIi Mopdonoruyeckuii Matepuan nonyyeH B 91,8% cnyyaes (n=101/110). 3a ogHy npoueaypy
Buoncum nonyyeHo ot 1 fo 4 buonTtaTos (cToN6MKOB TKaHW) — 1 BuonTaT nonydeH y 7 naumentos (6,4%), 2 buontata — y 57
(51,8%), 3 buontata — y 43, 4 buontata — y 3 (2,7%). Cpeay naumeHTOB, Y KOTOPbIX NOAYYeH MHGOPMATUBHLIA MaTepuan
(n=101), B 76 cnyyasx (75,2%) BepuduumMpoBaH AnUarHo3 3710Ka4eCTBEHHOTO OMYX0/1EBOr0 NopaxeHus. B ocTanbHbIx ciyyasx
(n=25, 24,8%) nmarHocTMpoBaHbI LOOPOKAYECTBEHHbIE UNM BOCMANMTENbHbIE/NOCTBOCNANMUTENbHbIE M3MeHeHUS. OcnoXHeH!s
Pa3NMYHON CTeNeHM TaecTu passunmck B 17 cnyyasx (15,5%). Cnyyaes neTanbHbIX UcxofoB He oTMeyeHo (0%). He nony-
UEHO CTaTUCTUYECKM 3HAYMMBIX Pa3fIMYMiA B HacTOTe Clly4aeB ¢ BepUPUUMPOBAHHBIM AWArHO30M B 3aBUCHMOCTM OT AMaMeTpa
ucnosb3yeMoii 6uoncuitHon urnbl (p=0,124) Takke HaMM He ObINO BLIABIEHO CTaTUCTMYECKW 3HAYMMOrO BAIMSIHUA AMaMe-
Tpa ucnonb3yeMon buoncuitHon urnbl (166G unm 186) Ha obLuyto YacToty ocnoxHenui (18,2 u 9% cooTBeTcTBEHHO; p=0,266)
W 4acTOTy ApEeHVpOBaHMsA NeBpanbHOK NOMOCTM N0 NOBOAY MOCTIYHKUMOHHOTO nHeBMoTopakca (10,4 u 6% cooTBETCTBEHHO;
p=0,72).

3akniouenue. BoinonHeHue TpaHcTopakanbHoW buoncun NErKoro ¢ MCMosb3oBaHWEM pobOT-acCUCTUPOBAHHOW CUCTEMBI
KT-HaBuraumm — besonacHas u apdekTMBHanA MeToauKa A8 nonyyeHns Mopdhonornieckon BepuduKaLmum 3110Ka4ecTBEH-
HbIX OMyXOJIEN.
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BACKGROUND

Transthoracic needle biopsy (TTNB) is an invasive
diagnosis method for lung tumors, which helps to
collect tumor tissue samples for further examination.
TINB provides sufficient material for the subsequent
determination of histological type, grade, and molecular
genetic characteristics of the tumor [1], which is critical for
the selection of treatment strategy and disease prognosis.

TINB can be performed with ultrasound or computed
tomography (CT) guidance. CT-guided TTNB confirms lung
cancer with a sensitivity of 74-90% [2-4]. The diagnostic
sensitivity of TTNB for the detection of malignancies is
lower for small lesions (<3 cm); the reported sensitivity and
specificity are 67% and 100%, respectively, with 36% non-
diagnostic results [5]. TTNB fails to yield sufficient material
in approximately 15-30% of cases, with malignant tumor
cells later detected in up to 46% of these patients [2, 6].

TINB has a number of limitations and potential
complications. Pneumothorax is a common complication,
with an incidence of up to 10-15% [7-9]. Older patients with
chronic obstructive pulmonary disease are at a higher risk
of pneumothorax; an increased risk of respiratory failure
requiring mechanical ventilation has also been reported
in these patients [9]. Hemoptysis is less common (1-9%
of cases), whereas intrapleural hemorrhages and other
hemorrhagic complications that require treatment are
extremely rare [7, 10, 11].

Modern techniques and control methods reduce the
risks and improve the efficacy of TTNB. An augmented
reality navigation system for CT-guided percutaneous lung
biopsy was recently presented [12, 13]. Such systems track
the position of the biopsy needle during the procedure,
improving the accuracy of lung biopsy and producing
adequate, representative tissue samples.

This paper describes the authors’ experience with the
navigation system in TTNB of lung tumors.

AIM: To assess the safety and diagnostic value of TTNB
of lung tumors using a robot-assisted CT navigation system.

MATERIALS AND METHODS

Study Design

A retrospective, single-center study was conducted.

Eligibility Criteria

Inclusion criteria: Satisfactory general condition, good
compliance, and withdrawal of anticoagulants (warfarin,
rivaroxaban, apixaban, heparin, fraxiparine, enoxaparin) at
least 5 days prior to biopsy.

Laboratory findings: Hemoglobin =100 g/L, platelets
>150 x 10 coagulation profile: international normalized
ratio <1.3, activated partial thromboplastin time <40 s,
prothrombin index =70%, prothrombin time >16 s.
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CT findings: Clearly visualized peripheral or central solid
masses with a diameter of 1.0 cm, without the possibility
of endoscopic (transbronchial) biopsy, with a safe biopsy
needle path; absence of pneumothorax and hydrothorax.

Non-inclusion criteria: Patients who do not meet at least
one inclusion criterion.

Exclusion criteria: None.

Study Duration and Setting

A retrospective analysis of CT-guided robot-assisted
transthoracic biopsies was performed in the Thoracic and
Abdominal Surgical Oncology Department No. 72 of the
Botkin Hospital (Moscow) between November 30, 2023,
and April 4, 2024. During the implementation stage, we
developed the eligibility criteria for CT-guided robot-
assisted core needle biopsy of thoracic tumors.

Study Methods

During the pre-planning stage, the proximity to vascular
structures (both central and peripheral), mediastinum,
and diaphragm was assessed to reduce the risk of
intraprocedural complications.

Moreover, we developed an inpatient biopsy algorithm:
1. Examination by an oncologist and thoracic surgeon to

determine eligibility for biopsy.

2. Hospitalization Physical status assessment.

3. Core needle biopsy under local anesthesia using the
PERFINT MAXIO V2.5.3 robot-assisted navigation
system (Perfint Healthcare, India) guided by the
synchronized multislice CT scanner CANON Aquilion SP
160 (Canon Medical Systems, USA).

4. Immediately after the procedure: CT evaluation of
complications.

5. Transfer to a hospital ward.

6. Follow-up complete blood count after 4 h.

7. Follow-up blood pressure and pulse rate measurement
after 1.4 h.

8. Follow-up chest X-ray after 4 h and the next morning to
assess the patient’s condition.

9. Discharge with recommendations.

Study Outcomes

High frequency of diagnostic histology samples for
morphological diagnosis confirmation; low incidence of
postprocedural complications.

Ethics Approval

The study used anonymized data and did not require
local ethics committee approval. At admission, all patients
provided voluntary informed consent for biopsy.

Statistical Analysis

For the statistical analysis, categorical variables are
presented as absolute values and proportions (n, %), and
continuous variables as a meanzstandard deviation (M+SD).

309



310

ORIGINAL STUDY ARTICLES

The potential effect of categorical factors was assessed
using the Pearson’s chi-squared test (x?). The statistical
analysis was performed using the IBM SPSS Statistics
software (version 22.0, IBM Corp, USA). All (two-sided)
models used a significance level of p <0.05.

RESULTS

Study Subjects

The study included 106 patients. Four patients (3.8%)
had two biopsies.

The characteristics of study subjects are presented in
Table 1.

Each biopsy yielded 1-4 samples (tissue columns):
1 sample in 7 patients (6.4%), 2 samples in 57 patients
(51.8%), 3 samples in 43 patients (40.6%), and 4 samples

Table 1. Clinical and demographic characteristics of the patient group

Tabnuua 1. KnuHuko-gemorpauueckue XapaKTepucTMKM rpynmbl
nau1eHToB
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in 3 patients (2.7%). 16G and 18G biopsy needles were
used in 70% of cases (n=77) and 30% of cases (n=33),
respectively.

Complications of varying severity were reported in
17 cases (15.5%). The complications are summarized in
Table 2.

According to the table, pneumothorax was the most
common complication: 12 (10.9%) cases, with 10 (83.3%)
requiring thoracostomy. Two (16.7%) cases of clinically
and radiologically non-significant pneumothorax required
only X-ray guided case follow-up.

No fatal outcomes were reported (0%).

Diagnostic samples were obtained in 91.8% of cases
(n=101/110). In patients with diagnostic samples (n=101),
cancer was confirmed in 76 (75.2%) cases. In all remaining
cases (n=25, 24.8%), benign lesions or inflammatory/
post-inflammatory changes were reported. Five of these
patients were later prescribed surgical treatment involving
pulmonary resection with an immediate morphological
examination, taking into account the radiological
characteristics of tumors. The examination confirmed
the malignant nature of the tumor, and the surgery was
expanded to anatomic pulmonary resection. The false
negative rate was 4.7%.

Table 2. Complications after a transthoracic lung biopsy

Tabnuua 2. OcnoxHeHus nocne NpoBefeHNs TpaHCTOpaKasbHoi broncum
NErxoro

Parameter Value
Age (M+SD), years 66+10.8
Sex (n, %): -
Male 67 (63.2%)
Female 39 (36.8%)
Tumor size (M+SD), mm 30.4+21.4

Tumor location (n, %):
Right upper lobe
Right middle lobe
Right lower lobe
Left upper lobe
Left lower lobe

Tumor type (n, %):
Primary

Metastatic

Number of biopsy samples (n, %):

1
2
3
4
Biopsy needle size (n, %):
16G
186G

(nmanasoH 9-170)
37 (34.9%)
6 (5.7%)
25 (23.6%)
24 (22.6%)
14 (13.2%)
95 (89.6%)
11 (10.4%)
7 (6.4%)
57 (51.8%)
43 (39.1%)
3(2.7%)
77 (70%)
33 (30%)

Complications,
Clavien—Dindo grade

Number of cases (%)

Grade | 4 (3.6%)
Hemothorax 1(0.9%)
Pneumothorax 2 (1.8%)
Hemoptysis 1(0.9%)

Grade Il 3(2.7%)
Hemothorax 2 (1.8%)
Hemoptysis 1(0.9%)

Grade llla 10 (9.1%)
Pneumothorax 10 (9.1%)

Table 3. Indicators of transthoracic biopsy in the verification of the

malignant tumor process

Tabnuua 3. lokasatenu TpaHcTopakanbHoi 6uoncun B BepudmMKaLmm

3JI0Ka4eCTBEHHOro onyxosieBoro npowecca

Parameter Value, % 95% Cl
Sensitivity 93.83 86.18-97.97
Specificity 100 83.89-100
Precision 80.77 64.25-90.76
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Table 3 shows the statistical parameters for the
diagnostic value of TTNB in confirming cancer.

There were no significant differences in the incidence
of cases with confirmed diagnosis depending on the biopsy
needle size (p=0.124) (Fig. 1).

Moreover, the biopsy needle size (166 or 18G) had no
significant effect on the total incidence of complications
(18.2% and 9%, respectively; p=0.266) (Fig. 2) or the
incidence of thoracostomy for postprocedural pneumothorax
(10.4% and 6%, respectively; p=0.72) (Fig. 3).
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DISCUSSION

One definitive advantage of a robot-assisted CT
navigation system is that healthcare professionals
performing biopsies are not exposed to radiation.
Moreover, available publications indicate that this technique
significantly reduces procedure time and radiation exposure
for patients [14].

Our study found that lung tumor biopsy using a robot-
assisted CT navigation system has a high diagnostic value.

80

Number of patients, n

N
o
1

| b

166

*p=0.124

Confirmed?
[] No
[ Yes

—

186

Needle size

Fig. 1. The frequency of cases with morphological verification of the diagnosis, depending on the diameter of the biopsy needle.
Puc. 1. Konnyectso naumeHToB ¢ nosyueHemM Mopdonormyeckoii BepudmuKaLmy auarHo3a B 3aBUCUMOCTY OT AuaMeTpa B1ONCUiAHOM Wbl
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Fig. 2. The overall incidence of complications depending on the diameter of the biopsy needle.
Puc. 2. Konnyectso naumMeHToB € Ha/MuMeM WK OTCYTCTBUEM OCIIOKHEHWI Nocre 61oncum B 3aBUCKMOCTH OT AvaMeTpa b1oncuitHON UMbl

DOl https://doiorg/10.17816/0nc0636555

3N



ORIGINAL STUDY ARTICLES

Vol. 29 (4) 2024

Russian Journal of Oncology

60

69

Number of patients, n

N
il

166

0 -

—_—

*p=0.72

Thoracostomy
after biopsy

[] No
[ Yes

31

186

Needle size

Fig. 3. The frequency of drainage of the pleural cavity depending on the diameter of the biopsy needle.
Puc. 3. KonuuectBo cnyyaeB ApeHMpOBaHUs NNEBPabHOM NONOCTU B 3aBUCUMOCTY OT AMaMeTpa bUONCUIAHOI UMbl

The sensitivity, specificity, and precision in our study were
93.83, 100, and 80.8%, respectively, which is comparable to
international findings [15-17]. Our data on biopsies in 106
patients is representative when compared to other published
research. For example, lannelli et al. [18] performed needle
biopsy in 100 patients; Grasso et al. [19] used a robot-
assisted navigation system in 197 patients; and Lanouziere et
al. [20] described the procedure outcomes in 60 patients. This
indicates that methods for using robot-assisted CT navigation
systems in TTNB are still being developed.

Given that false negatives, which accounted for 4.7%
in our study and reach 10-14.5% in other studies [15,
17], cannot be completely eliminated, we consider it
necessary to continue follow-up in cases where caner
was not confirmed by biopsy. The first follow-up CT in
these patients must be performed no later than after
3 months.

In our study, the incidence of complication was 15.5%,
with 9% requiring thoracostomy, which is consistent with
published data [7-9]. Previous comparisons revealed that
real-time needle path tracking using 3D modeling allowed
selecting the safest and shortest needle path, reducing the
incidence of complications [14]. We found no significant
differences in the incidence of complications depending on
the biopsy needle size (166G and 18G); thus, both needle
sizes are considered acceptable.

Study Limitations

The study is non-randomized in terms of biopsy needle
size selection and the number of collected biopsy samples
(tissue columns). Furthermore, this is a single-center study,
with all procedures performed by two surgeons.

DOl https://doiorg/10.17816/0nco636555

CONCLUSION

Robot-assisted CT-guided lung TTNB is a safe and
effective technique for morphological confirmation of
cancer.
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