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Incidence and features of pulmonary
track nodules after CT-guided lung biopsy
with track sealing using gelatin sponge slurry
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Abstract

Background Track sealing (TS) with gelatin sponge slurry (GSS) is efficient in reducing pneumothorax after
CT-guided lung biopsy. Nodule appearance along the pulmonary track after TS with GSS is a potential issue that has
not been previously evaluated.

Methods A secondary analysis of two studies evaluating the efficacy of lung TS in 710 patients in reducing post-
biopsy pneumothorax was performed. Among these patients, 377 had a follow-up CT within 2 months post-biopsy
and were retrospectively included in this study (187 had TS with GSS, 83 with saline, and 107 no TS). Imaging findings
of the pulmonary track were described. Binary logistic regression was used to determine factors associated with lung
track nodules.

Results Median time between biopsy and follow-up CT was 29 days (range, 1-61). A pulmonary track nodule was
detected on follow-up CT in 65/377 (17.2%) patients. Sixty three out of these 65 nodules (97%) were observed in

the GSS group. Factors significantly associated with nodules on multivariate analysis were GSS use (odds ratio: 47 4,
95%Cl:11.8-189.5; p<.0001) and track length (odds ratio: 1.03, 95%Cl:1.01-1.05; p=.009). Nodules were solid in 100%,
ovoid in 83.1%, well-defined in 87.7%, and had smooth borders in 96.9%. Thirty-three nodules were still visible on
imaging > 6 weeks after the biopsy.

Conclusion A pulmonary nodule along the biopsy track was detected on follow-up CT in 34% of cases when TS with
GSS was performed. Recognition of these nodules on chest imaging is essential to avoid misinterpretation.

Clinical Trial Number Not applicable.
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Background

The most frequent complication of CT-guided lung
biopsy is pneumothorax, which may, in some cases,
require chest tube insertion, leading to prolonged hos-
pital stay and additional costs [1-3]. Track sealing (TS),
which consists in injecting a sealant material in the pul-
monary track while removing the needle in order to
occlude the pleural breach, is an effective methods to
prevent the occurrence of post-biopsy pneumothorax [4].
Among the material used for TS, gelatin sponge slurry
(GSS) has been one of the most studied, showing positive
results along with a good tolerance [5-10]. Indeed, the
properties of haemostatic gelatin sponge to absorb liquid
and expand when released in tissues make it a material of
great interest to seal the biopsy track after a lung biopsy
[11].

Albeit gelatin sponge being a degradable and non-toxic
agent, it is nevertheless a foreign material made of puri-
fied porcine skin that is injected directly into the lung
parenchyma, and which can potentially induce tissue
reaction. After a lung biopsy, most of the patients will be
required to carry out subsequent imaging examinations
for staging or follow-up purpose, and the appearance of
new lung opacities along the biopsy track should always
evoke a new tumoral lesion or tumoral seeding. However,
there is currently no data about the radiological appear-
ance and evolution over time of GSS released in the lung.
Due to the expected increasing use of TS with GSS in
daily practice, radiologists and clinicians should become
familiar with the imaging characteristics of the sealed
pulmonary track, in order to provide adequate diagnosis
and follow up algorithms.

For this purpose, we conducted a retrospective analysis
of three cohorts of patients who received either TS with
GSS, TS with saline, or no TS to assess and compare the
appearance and evolution of the biopsy track on subse-
quent chest CT scans across these three groups.

Methods

Study population

To carry out this study, we performed a secondary anal-
ysis of two populations of patients from two previously
published studies. The first population was composed
of 266 patients who were prospectively randomised in a
1:1 ratio to receive either GSS (17 =132) or saline (n=134)
TS after CT-guided lung biopsy between July 2019 and
January 2023 by four interventional radiologists at a ter-
tiary hospital. The primary objective was to compare the
efficacy of both techniques in reducing the rate of post-
biopsy pneumothorax [11]. The second population was
composed of a retrospective analysis of 444 CT-guided
lung biopsy procedures performed either with GSS TS
(n=231) or without TS (n=213) between January 2014
and September 2018 by three interventional radiologists
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at the same tertiary hospital. The primary objective was
to evaluate the efficacy of GSS in reducing the rate of
post-biopsy pneumothorax [6].

All 710 patients from the two studies were screened
for inclusion in the present study. Patients were divided
into three groups regarding the type of TS used: the GSS
group, the saline group and the no TS group. Patients
were excluded if no follow-up chest CT was performed
within 2 months after the CT-guided lung biopsy or if a
surgical resection of the biopsied lesion was performed
before any follow-up chest CT.

Study design

The primary objective of this study was to detect the
appearance of new nodular opacity at the site of the pul-
monary track on CT in the weeks following the biopsy.
Risk factors for the development of pulmonary track
nodules (PTN) were assessed. The secondary objective
was to evaluate the radiological characteristics of the
PTN detected on CT using the 2024 version of the Glos-
sary of term for thoracic imaging from the Fleischner
Society [12]. The following variables were collected: age,
sex, presence of emphysema on CT, length of pulmo-
nary track, position of the patient during biopsy, inter-
ventional radiologist who performed the biopsy, type of
TS (groups), type of follow-up CT, delay between biopsy
and follow-up CT, and the occurrence of PTN. The fol-
lowing CT characteristics were assessed for each PTN:
attenuation, shape, margins, borders, size, distance from
pleura. When a post-biopsy ['®F]fluoro-2-deoxy-2-D-glu-
cose (['8F]JFDG) positron emission tomography (PET)/
CT was available on which the PTN was visible, the [**F]
EDG uptake of the nodule was assessed both visually and
by measuring the maximum standardized uptake value
(SUV ) If available, the date of the last chest CT imag-
ing on which the PTN was visible was also taken into
account. All follow-up CTs were reviewed by two board-
certified interventional radiologists with 3 and 7 years
of experience. The PET/CTs were reviewed by a board-
certified nuclear medicine physician with 19 years of
experience.

Procedures

All lung biopsies were performed using a 19-gauge coax-
ial needle and a 20-gauge semi-automatic needle with a
2 cm cutting area (Quick Core, Cook Medical, Blooming-
ton, IN) at one university hospital under CT fluoroscopy
guidance either on a Somatom Edge plus or a Somatom
Definition 64 scanner (Siemens Healthineers, Erlangen,
Germany) by one of four interventional radiologists with
2 to 10 years of experience. Indications for biopsy were
suspicion of a primary lung tumor or lung metastasis.
Lung biopsy track were chosen to avoid fissures, pulmo-
nary bullae and vessels.
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Track sealing was performed as follow: after comple-
tion of the biopsy, the tip of the needle was withdrawn in
the lung to a depth of 1-2 cm of the pleural surface, the
sealant (3 ml of GSS or 3-5 ml of saline) was injected in
the sub-pleural lung channel during needle removal. The
GSS was composed of fragments of absorbable haemo-
static gelatin sponge (Spongostan, Ethicon, Cincinnati,
H; or Gelfoam, Pfizer, New York, NY) of approximately
identical size (5 mm cubes) mixed with 2 ml of saline
with a three-way stopcock. After the procedure, patients
were kept under observation during a 4 h-period in
supine position.

Definitions

A PTN was defined as a nodular opacity of any size, den-
sity and shape visible along the biopsy track on follow-
up CT that was absent on the pre-biopsy assessment CT.
Follow-up chest CT was defined as the first CT of the
chest carried out between one day and 2 months after
lung biopsy, including any high-resolution or low-dose
lung CT performed either as a diagnostic CT, a planning
CT before radiotherapy or as part of a PET/CT exami-
nation. A PTN was considered hypermetabolic on ['®F]
FDG PET/CT when the SUV_, -to-blood-pool ratio of
the nodule was greater than 1.

Population 1
Prospective study:

266 lung biopsies
o TS with GSS=132
o TS with Saline=134
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Statistical analyses

Results are presented as medians and ranges or means
and standard deviations for continuous variables, and as
frequency counts and percentages for categorical vari-
ables. The normality of the quantitative parameters was
investigated using a mean and median comparison, a
histogram, a Quantile-Quantile plot and the Shapiro-
Wilk test. Comparison of the three groups was assessed
using a Chi2 test (or Fisher’s exact test) for qualitative
parameters and the non-parametric Kruskal-Wallis test
for quantitative parameters. Same analyses were used to
test univariate association between covariate and PTN. A
multivariate binary logistic regression model was used to
model the occurrence of PTN, including covariates with
p<.20 in univariate. Odds ratio (OR) and their 95% con-
fidence intervals (CI) were reported for each predictor in
univariate and multivariate analyses. Statistical signifi-
cance was set at p<.05. All statistical analyses were per-
formed using SAS v 9.4 and R v 4.2.2 software.

Results

Population

After application of inclusion and exclusion criteria, 377
patients were included in the analysis (172 females and
205 males; median age, 66 years; range, 26—88 years): 187
patients in the GSS group, 83 patients in the saline group,
and 107 patients in the no TS group (Fig. 1). Median time

Population 2
Retrospective study:

444 lung biopsies
o TS with GSS =231
o NoTS=213

710 lung biopsies screened
o GSS=363
o Saline=134
o NoTS=213

333 procedures excluded

____________________ »i +  No follow-up CT < 2 months (245)

i+ Surgery before follow-up CT (88)

377 lung biopsies included
o GSS=187
o Saline=83
o NoTS=107

65 PTN
GSS =63
Saline=0
No TS=2

Fig. 1 Flowchart of the study. TS, track sealing; GSS, gelatin sponge slurry
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between biopsy and follow-up CT was 29 days (range:
1-61 days). Follow-up CT was a high-resolution CT in
190 cases (50.4%), a low-dose CT from a PET/CT exami-
nation in 111 cases (29.4%) and a radiotherapy planning
CT in 76 cases (20.2%). Characteristics of the patients
and comparison between the groups are presented in
Table 1.

Outcomes

A PTN was detected on follow-up CT in 65/377 (17.2%)
patients. Of these, 63 PTNs (96.9%) were in the GSS
group, 2 PTNs (3.1%) in the no TS group and none (0%)
were in the saline group. The distribution of the variables
regarding PTN occurrence and the related univariate
and multivariate analysis are presented in the Table 2.
Age, sex, presence of emphysema and patient position
during biopsy were not associated with the occurrence
of PTN. Factors significantly associated with PTN in
the univariate analysis were the group ([GSS vs. No TS]
OR: 21.5, 95%CI:5.89-78.66; p<.0001), the operator
(p=.003) and the length of the pulmonary biopsy track
(OR:1.02, 95%CI:1.00-1.03; p=.016). In the multivariate
analysis, GSS group (vs. No TS) (OR: 47.4, 95%CI:11.8-
189.5; p<.0001), the operator (p=.026) and the length of
the pulmonary biopsy track (OR:1.03, 95%CI:1.01-1.05;

Table 1 Comparison of characteristics between the groups

Variables GSS Saline NoTS P-value
(n=187) (n=83) (n=107)
Age (y), median (range) 66 (26-88) 67 64 0.31
(29-83) (31-86)
Sex, n (%) 0.62

Male 104 (55.6) 47 (56.6) 54 (50.5)

Female 83 (44.4) 36(434) 53(49.5)
Emphysema, n (%) 102 (545) 50(60.2) 61(57) 0.68
Patient position, n (%) 0.018

Supine 89 (476)  38(458) 51(47.7)

Prone 87 (46.5) 41(494) 39(364)

Lateral 11(5.9) 4(48) 17 (15.9)

Track length (mm), 26 (1-84)  30(1-64) 25(1-78) 0.56
median (range)
Operator, n (%) <0.0001

1 109(58.3) 35(42.2) 13(12.1)

2 14 (7.5) 17 (20.5)  0(0)

3 30(16) 19(229) 77(72)

4 34(18.2) 12 (14.5) 17 (15.9)
Follow-up CT type, 0.077
n (%)

High resolution CT 98 (52.4) 32(386) 60(56.1)

PET/CT 48 (25.7) 32(386) 31(29)

RT planning CT 41(21.9) 19(229) 16(15
Time between biopsy 31 (1-61) 32(3-59) 24 (3-61) 0.002

and follow-up CT (d),
median (range)

GSS, gelatin sponge slurry; TS, track sealing; PET/CT, positron emission
tomography/CT; RT, radiotherapy
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p=.009) remained significantly associated with the
occurrence of PTN.

The radiological characteristics associated with PTNs
are presented in Table 3. The median distance of PTN
from the pleural surface was 6 mm (range, 0-31; P25-
P75, 3-9). Among the PTNs, a minimum of 33 PTNs
(50.8%) were visible more than 6 weeks after the biopsy,
24 PTNs (36.9%) were visible more than 2 months after
the biopsy, and 5 (7.7%) were still visible more than 4
months after the biopsy. One PTN was still detected on
chest imaging 167 days after the biopsy.

Discussion

In this study assessing the radiological aspect of the pul-
monary track after CT-guided lung biopsy, the use of
GSS as a sealant was strongly associated with the occur-
rence of a PTN (Fig. 2).

When placed in soft tissues such as lung parenchyma,
gelatin sponge is supposed to be absorbed completely
within 4 to 6 weeks [13]. However, in this study, 33 PTN
remained visible more than 6 weeks after the procedure
and in one case the nodule was even still visible on imag-
ing after more than 5 months. Currently, the absorp-
tion process, which involves an inflammatory cellular
response to foreign material with immune cells such as
monocytes, neutrophils, lymphocytes and macrophages,
is not fully understood [14]. Absorption time is influ-
enced by various factors, including the site of use, the
amount of material used, and the local degree of satura-
tion with blood [15]. Moreover, in case of resistance to
degradation by phagocytic cells, foreign body granulo-
mas can occur. It is a specialised form of chronic inflam-
matory tissue characterised histopathologically by the
presence of merging macrophages that form multinucle-
ated giant cells [16, 17]. It has been described with gelatin
sponge, in particular in the brain [18, 19]. Formation of
a granuloma against gelatin sponge sealant deposited in
the lung, as illustrated in Fig. 3, can also explain a pro-
longed degradation time.

The issue of the fate of track sealant released in lung
parenchyma after CT-guided lung biopsy has already
been addressed for hydrogel plugs, a manufactured seal-
ant made of biodegradable synthetic polymer [20, 21].
Recently, Moussa et al. assessed the radiological aspect
of hydrogel plugs released to the lung parenchyma on
cross-sectional chest imaging performed after CT-guided
lung biopsy [22]. They observed the appearance of lin-
ear, serpiginous or lobulated opacities, extending from
the pleural surface to the lesion, which were for some of
them hypermetabolic on ['®F][FDG PET/CT. In a similar
study, De Groot et al. drew attention to the fact that the
persistence of a visible track within the lung parenchyma
on imaging after TS with hydrogel plugs can mimic
malignant cell dissemination along the biopsy needle and
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Table 2 Factors influencing the occurrence of pulmonary track nodules

Variables PTN Univariate Multivariate

Yes No (n=312) OR (95% CI) p-value OR (95% CI) p-value
(n=65)

Age (y), median (range) 64.4 (30.8-88) 66.1 (26-88) 0.99 (0.96-1.01) 0.20 0.97 (0.94-1.00) 0.050

Sex (male), n (%) 39 (60) 166 (53.2) 1.32(0.77-2.27) 032

Emphysema, n (%) 34(52.3) 179 (574) 1.23(0.72-2.10) 0.45

Patient position 0.11 0.12
Supine 38(58.5) 140 (44.9)

Prone 24 (36.9) 143 (45.8) 0.62 (0.35-1.08) 0.51(0.26-1.003) 0.051
Lateral 3(4.6) 29(9.3) 0.38(0.11-1.32) 047 (0.11-2.00) 0.31

Track length (mm), median (range) 33 (2-63) 27 (1-84) 1.02 (1.00-1.03) 0.016 1.03 (1.01-1.05) 0.009

Operator, n (%) 0.003 0.026
1 34 (52.3) 123 (39.4)

2 0(0) 31(9.9) 0.057 (0.003-0.99) 0.059 (0.003-1.02) 0.052
3 15(23.1) 111(35.6) 0.50 (0.26-0.96) 1.60 (0.67-3.82) 0.30
4 16 (24.6) 47 (15.1) 1.24 (0.63-2.45) 2.50 (1.08-5.80) 0.033

Follow-up CT type 0.75

High resolution CT 30 (46.2) 160 (51.3)

PET/CT 21(323) 90 (28.8) 1.24 (0.67-2.30)

RT planning CT 14(21.5) 62 (19.9) 1.20 (0.60-2.42)

TS, n (%) 0.003 <0.0001
GSS 63 (96.9) 124 (39.7) 21.5(5.9-78.7) 474(11.8-189.5) <0.0001
Saline 0(0) 83 (26.6) 0.25(0.01-5.43) 0.48 (0.025-9.34) 0.63
No TS 2(3.0) 105 (33.7)

PTN, Pulmonary track nodule; OR, odds ratio; Cl, confidence interval; PET/CT, positron emission tomography/CT; RT, radiotherapy; TS, track sealing; GSS, gelatin

sponge slurry

Table 3 Radiological characteristics of pulmonary track nodules
on chest CT

Characteristics n=65
Attenuation, n (%)

Solid 65 (100)

Part-solid 0(0)

Ground-glass 0(0)
Shape, n (%)

Ovoid 54 (83.1)

Round 7(10.8)

Polygonal 4(6.1)
Margins, n (%)

Well-defined 57 (87.7)

|ll-defined 8(12.3)
Borders, n (%)

Smooth 63 (96.9)

Irregular 2(3)
Size in great axis (mm), median (range) 10 (4-21)
Distance from pleura (mm), median (range) 6 (0-31)
["®FIFDG PET/CT available, n (%) 37 (56.9)

Hypermetabolic, n (%) 5(13.5)

Non-hypermetabolic, n (%) 32 (86.5)
["FIFDG  PET/CT, ['®FIfluoro-2-deoxy-2-D-glucose  positron  emission
tomography/CT

could complicate target delineation before stereotactic
body radiation therapy [23].

Unlike hydrogel plugs, TS with GSS resulted in nodu-
lar opacities, probably due to the more fluid and dispers-
ible characteristics of GSS compared to the elongated
shape of the plugs. The nodular appearance may lead to
a higher risk of radiological misinterpretation as it could
be more easily mistaken with a new tumoral lesion, espe-
cially as the interval time between the biopsy and the
follow-up CT is long. However, in this study, the shape of
PTNs was characteristically ovoid, with smooth borders
and well-defined margins, which are radiological features
that can help differentiate PTN from tumoral nodule
(Fig. 4). Moreover, the risk of malignant cells deposited
along the track of a needle during a biopsy resulting in
a new nodule is low, especially when a coaxial needle is
used [24—-26]. This risk is particularly low in patients with
intrapulmonary malignancy, contrary to pleural neo-
plasm [27].

Besides the type of sealant, the length of the pulmonary
track was another factor associated with a higher risk of
PTN in this study: longer tracks were more frequently
associated with PTN (p=.009). This could be explained
by technical differences, including a likely lower volume
of sealant released in shorter pulmonary tracks.

Despite the inflammatory reaction typically associated
with the absorption process, 86% of the PTNs were not
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Fig. 2 Example of a pulmonary track nodule after track sealing with gelatin sponge slurry. (a) After biopsy completion, the co-axial needle was withdrawn
to a depth of 1-2 cm from the pleura (arrow). (b) The sealant was injected in the sub-pleural lung track resulting in a ground-glass opacity (arrow). Follow-
up CT performed 5 weeks () and 9 weeks (d) after the biopsy showing a solid pulmonary track nodule (arrows)

Fig. 3 Histopathologic appearance of a pulmonary track nodule 6 weeks after track sealing with gelatin sponge slurry visible on a surgical specimen
(hematoxylin and eosin). (@) The acellular gelatin sponge material (star) is surrounded by a ring of non-necrotizing granulomatous tissue containing
chronic inflammatory cells (arrow), mainly macrophages, within the pulmonary parenchyma (triangle). (b) Higher magnification of the inflammatory tis-

sue adjacent to the sealant, showing the presence of multinucleated giant cells (arrow)

hypermetabolic on ["®F]JFDG PET/CT when available.
This may be due to a low number of inflammatory cells
and/or the small size of the nodules, which might be
below the spatial resolution of PET. Nevertheless, ['°F]
FDG PET/CT might be useful for differentiating PTNs
from new tumoral lesions, even if the small size of the
nodules may limit its sensitivity.

In this study, two PTNs have also been demonstrated
in the group of patients who received no embolization.
After a review of the cases, both patients were found to
have extensive alveolar haemorrhage along the biopsy
track, and PTN in these cases may correspond to residual
hematomas. No PTN was detected in the saline group.

This study has several limitations. First, this is a ret-
rospective study. Consequently, the time between the
biopsy and the follow-up chest CT varied significantly
among patients, and was significantly shorter in the
no TS group compared to the GSS and saline groups
(p=.002). Therefore, since PTN are absorbed over time,
they may have been under detected in the GSS and saline
groups. Furthermore, due to the lack of systematic and
planned follow-up CTs, the time during which the PTNs
were visible was difficult to estimate precisely. We there-
fore decided to report the last date when the nodule was
clearly visible, leading to an underestimation of the true
lasting time of these nodules. Finally, the presence of a
PTN after TS is undoubtedly related to some technical



(2025) 25:107

Grandjean et al. BMC Medical Imaging

Page 7 of 8

e f

Fig. 4 (a-f) Examples of six different patients presenting with a pulmonary track nodule (arrows) after track sealing with gelatin sponge slurry. Typical
features of the nodules are solid attenuation, ovoid shape, well-defined margins and smooth borders

parameters of the procedure (i.e., the volume of sealant
injected, the pressure applied during injection of sealant,
the needle withdrawal speed), and may therefore depend
on the operators, as shown in our results.

In conclusion, this study has demonstrated that TS with
GSS after CT-guided lung biopsy commonly resulted
in a visible nodule along the pulmonary track on subse-
quent imaging. These nodules typically have smooth bor-
ders and ovoid shapes, and should not be mistaken with
tumor cell dissemination along the biopsy needle track.
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