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Ultrasound-Guided Percutaneous Biopsy With Needle
Track Plugging in Patients With Focal Liver Lesions on
an Outpatient Basis: A Randomized Controlled Trial

Ja Kyung Yoon', Choong-kun Lee*?, Hongjeong Yoon®, Hye Jin Choi®, Seung-seob Kim*

'Department of Radiology and Research Institute of Radiological Science, Severance Hospital, Yonsei University College of Medicine, Seoul,
Republic of Korea

?Division of Medical Oncology, Department of Internal Medicine, Yonsei Cancer Center, Yonsei University College of Medicine, Seoul, Republic of
Korea

3Songdang Institute for Cancer Research, Yonsei University College of Medicine, Seoul, Republic of Korea

Objective: The increasing utilization of various molecular tests for diagnosing and selecting treatments for patients with
malignancies has led to a rising trend in both the frequency of biopsies and the required tissue volume. We aimed to compare
the safety of outpatient ultrasound (US)-guided percutaneous liver biopsy (PLB) between the coaxial method with needle
track plugging (NTP) and the conventional method.

Materials and Methods: This single-center, prospective, randomized controlled study was conducted from October 2022 to
May 2023. Patients referred for US-qguided PLB with target liver lesions measuring >1 cm and requiring >3 tissue cores were
enrolled. Patients with severe coagulopathy or a substantial volume of ascites were excluded. Patients were randomly assigned
to undergo PLB using either the coaxial method with NTP or the conventional method, in a 1:1 ratio, and were subsequently
discharged after 2 hours. The primary endpoint was the presence of a patent track sign, defined as a linear color flow along the
biopsy track on Doppler US, as an indication of bleeding. The secondary endpoints included clinically significant bleeding,
delayed bleeding after discharge, and diagnostic yield. The incidences of these endpoints were compared between the two
methods.

Results: A total of 107 patients completed the study protocol. Patent track signs were observed significantly less frequently
in the coaxial method with NTP group than in the conventional method group: 16.7% (9/54) vs. 35.8% (19/53; P = 0.042).
Clinically significant bleeding and delayed bleeding did not occur in either group, and both methods achieved a high
diagnostic yield: 94.4% (51/54) vs. 98.1% (52/53; P = 0.624).

Conclusion: Compared with the conventional method, the coaxial method with NTP may potentially be safer, with a reduced risk
of overall bleeding complications after PLB when retrieving >3 tissue cores. The coaxial method with NTP could be considered a
viable option for acquiring multiple liver tissues on an outpatient basis.
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INTRODUCTION following ultrasound (US)-guided percutaneous liver
biopsy (PLB). Various risk factors contributing to bleeding
Bleeding is one of the most significant complications complications have been inconsistently reported, including
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low platelet levels, elevated prothrombin time (PT)
(international normalized ratio [INR]), the needle size,

the use of cutting needles, the number of liver capsule
penetrations, the hypervascularity of the target lesion, and
subcapsular location [1-5]. Definitions of postbiopsy bleeding
also varied among previous studies; some researchers
encompassed all bleeding events, from minor subclinical
hemorrhages to clinically significant bleeds [6-10], while
others limited their definition to only clinically significant
cases [1,11-16]. Overall, most bleeding events resolve
spontaneously. The overall incidence of bleeding is frequent
when including minor subclinical hemorrhages, with reported
rates ranging from 12%-20% [9,10,17-19]. If bleeding
persists without spontaneous resolution, although rare, it
may progress to a clinically significant status, which may

be fatal. Reported rates of clinically significant bleeding—
defined as bleeding requiring hospitalization, transfusion,
embolization, or surgery—range between 0.5%-1.2% [20].
Doppler US can be used to detect bleeding, which may
appear as a linear track of color flow along the biopsy track
(commonly referred to as a patent track sign) [17,19].
When a patent track sign is present after a biopsy, direct
pressure should be immediately applied to the puncture
site until it disappears [19,21]. Although the patent track
sign does not specify the degree of bleeding, its presence
may suggest a higher risk of progression to a clinically
significant status, with a sensitivity and specificity of 80%
and 89%, respectively [17]. Prolonged bleeding lasting for
>5 minutes further increases the likelihood of progressing
to a clinically significant hemorrhage, with the positive
predictive value increasing from 9% to 75% [17].

Since the advent of precision medicine, the number of
US-guided PLBs for liver tumors has steadily increased [7].
Particularly in the oncology setting, many clinical trials
advocate or necessitate the acquisition of two or more
tissue cores, often at multiple timepoints throughout the
trials [22]. Given the availability of various targeted agents
and immunotherapies, there is a clinical need for repeated
biopsies with multiple cores in patients with cancer to
investigate the mechanisms of acquired resistance to
anticancer therapy. Accordingly, the average number of
biopsy procedures and liver capsule penetrations have also
increased [23]. This trend may prompt concerns about an
increased risk of post-PLB bleeding, as three or more liver
capsule penetrations were reported to be associated with a
higher risk of bleeding than two or fewer penetrations [4,18].
Whether PLB may remain an outpatient-based procedure, as
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recommended by guidelines [18], or should now shift to an
inpatient basis is another important clinical question.

The use of coaxial needles may theoretically mitigate the
risk of post-PLB bleeding, as it allows for the acquisition
of multiple tissue cores through a single penetration of
the liver capsule. However, bleeding rates were reported to
be similar between the coaxial and conventional methods
[15,24]. Some authors speculate that compared with the
conventional method, the longer transhepatic dwell time
of the larger coaxial sheath may have offset the effects of
single penetration [2]. Meanwhile, the coaxial method may
provide another advantage in that it allows for subsequent
needle track plugging (NTP) after biopsy. This approach has
demonstrated its potential for higher safety since its initial
report in 1984 by successfully decreasing the risk of bleeding
[25-33]. However, the safety of the coaxial method with
NTP has not been prospectively compared with that of the
conventional method. Hence, this prospective, randomized
controlled study aimed to compare the safety of outpatient
US-guided PLB using the coaxial method with NTP versus
the conventional method.

MATERIALS AND METHODS

This single center, prospective, randomized controlled
study (ClinicalTrials.gov identifier: NCT05614973) was
approved by the Institutional Review Board of our
institution (IRB No. 4-2022-0211) and conducted in
accordance with the principles of the Declaration of
Helsinki. All patients provided written informed consent.

Enrollment Criteria and Randomization

Adult patients referred for US-guided PLB of focal liver
lesions requiring the acquisition of >3 tissue cores were
screened (Fig. 1A). Patients 1) with a target liver lesion size
>1 cm and 2) whose routine laboratory values fulfilled the
Society of Interventional Radiology consensus guidelines
(for patients without underlying liver disease: platelet count
>50000/pL and PT/INR <1.8; for patients with chronic liver
disease or cirrhosis: platelet count >30000/uL, PT/INR <2.5,
and fibrinogen levels >100 mg/dL) were included in the study
[34]. Patients who were contraindicated for PLB, including
those with intellectual disabilities or severe psychiatric
disorders; those who demonstrated poor cooperation; those
with a substantial volume of ascites, severe coagulopathy,
extrahepatic bile duct obstruction, active hepatobiliary
inflammation, or clinical suspicion or confirmed amyloidosis;
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Fig. 1. Patient screening, enrollment, and study protocol. A: Patients with a focal liver lesion >1 cm, deemed feasible for US-guided
PLB, and requiring three or more tissue cores were enrolled in the study. All enrolled patients were randomly allocated to one of two
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bleeding through the presence of a patent track sign, defined as a
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linear track of color flow along the biopsy track. Patients were
s were made both 1 day and 1 week after the procedure to assess for
pectively enrolled and randomized. After the exclusion of patients

who withdrew their consent (n = 7), had a focal liver lesion of <1 cm measured on preprocedural US (n = 1), were deemed unfeasible
for US-guided biopsy (n = 4), or did not adhere to the allocated protocol (n = 3), the remaining 54 and 53 patients were finally

enrolled into the coaxial method with needle track plugging group
PLB = percutaneous liver biopsy
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and those with an inability to withhold anticoagulation or
antiplatelet agents, were excluded [18,34].

All eligible patients were randomly assigned to either
the coaxial method with NTP group or the conventional
method group using a computer-generated permuted
block randomization procedure at a 1:1 ratio, without any
stratification factors.

US-Guided PLB

All examinations were performed using standard US
equipment and probes (EPIQ 5 scanner, (5-1 and (9-2
probes; Philips, Bothell, WA, USA). Preprocedural US was
performed to evaluate the feasibility of PLBs. A subcapsular
location was operationally defined as a scenario wherein
the intended biopsy route failed to include the normal
liver parenchyma. All procedures were performed by two
radiologists (S.-S.K. and J.K.Y, with 7 and 5 years of
experience in performing US-guided PLB, respectively)
using the free-hand technique. An automatic (Marquee™;
Bard Biopsy Systems, Tempe, AZ, USA) or semiautomatic
(Mission™; Bard Biopsy Systems) 18-gauge biopsy gun
was used according to the operator’s preference. In the
coaxial method with NTP group, a 17-gauge coaxial needle
(TruGuide™; Bard Biopsy Systems) was used. A gelatin slurry
was prepared by mixing 2000-4000 um gelatin particles
(EGgel S PLUS; ENGAIN Co., Ltd, Seongnam, South Korea)
with 15 cc of normal saline.

In cases of multiple liver lesions, the target lesion was
selected at the discretion of the operator. In the coaxial
method with NTP group, the coaxial needle was introduced
into the liver, followed by the insertion of the biopsy
gun through the outer sheath. Biopsies were repeatedly
performed through the indwelling coaxial sheath as deemed
necessary. After conducting the NTP procedure by injecting
the gelatin slurry (<5 cc) through the coaxial sheath,
bleeding was evaluated using Doppler US. The assessment
focused on identifying a patent track sign, characterized
by a linear color flow along the needle track [17]. In the
conventional method group, tissue cores were acquired
through multiple penetrations of the liver capsule, each
followed by an evaluation for the presence of a patent track
sign [17]. For the evaluation of the patent track sign, only
conventional color Doppler US was used, without employing
power Doppler or microvascular US techniques. The color
gain setting was individually adjusted to the highest level
without creating background noise. The pulse repetition
frequency was fixed at 1320 Hz, and the wall filter was
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consistently set to ‘low. When bleeding occurred multiple
times during the conventional method, only the longest
episode was recorded as the final duration of the patent
track sign. The duration of the patent track sign and total
procedure time (from local anesthesia to cessation of

the final patent track sign) were documented (Fig. 1A).
Additionally, the number of requested and acquired tissue
cores was recorded.

Postbiopsy Management

All patients were discharged after a 2-hour observation
and follow-up US evaluation (Fig. 1A). The potential biopsy-
related symptoms, including pain, dyspnea, dizziness,
and tachycardia, were recorded multiple times during the
observation period to assess whether they followed an
alleviating or aggravating course. The location and severity
of pain, assessed using a numeric rating scale, were also
recorded. When the patent track sign was present, the
biopsy site was manually compressed. Indications for
contrast-enhanced CT included: 1) clinical signs of ongoing
bleeding or hypovolemic shock (persisting or aggravating
biopsy-related symptoms, new-onset lower abdominal
pain, or tachycardia), 2) continuously increasing ascites or
hemoperitoneum detected on the follow-up US, and 3) a
patent track sign persisting for >30 minutes. Patients were
contacted both 1 day and 1 week after discharge to assess
for any signs of delayed bleeding.

Endpoint

The primary endpoint was the patent track sign as an
indication of biopsy track bleeding. The secondary endpoints
included 1) the duration of the patent track sign, 2) clinically
significant bleeding requiring hospitalization, transfusion,
embolization, or surgery, 3) the total procedure time, 4)
other biopsy-related symptoms such as pain, dyspnea,
dizziness, and tachycardia, and 5) the diagnostic yield.

Statistical Analysis

This study was powered based on the results of previous
studies. Given that the reported postbiopsy bleeding rate
using the conventional method ranges from 12%-20%
[9,10,17,18], we hypothesized that the expected incidence
of patent track signs could reach up to 20% with three
or more liver capsule penetrations. Conversely, based on
the reported postbiopsy bleeding rate of 5.2% with the
coaxial method [8], we hypothesized that the incidence of
patent track signs could be <5% when NTP was performed
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in conjunction with this method. With a statistical power
of 0.8 and an a value of 0.1, the enrollment size was
calculated as 116 patients. Assuming a dropout rate of 5%,
the final study sample was determined to be 122 patients.
All analyses were performed on a per-protocol basis, as
the aim of this study was more aligned with exploratory or
hypothesis-generating purposes, rather than confirmatory
purposes. Therefore, patients exhibiting nonadherence to
the allocated biopsy method were excluded.

All statistical analyses were performed using R version
4.3.1 (The R Foundation for Statistical Computing,
Vienna, Austria). Continuous variables were compared
using the Student’s t-test or Mann-Whitney U-test.
Categorical variables were compared using the X’ test. As
a supplementary analysis, univariable and multivariable
logistic regression analyses were performed to evaluate
the factors associated with the patent track sign. Variables
that were considered significant in the univariable analysis

Yoon et al.

and crucial coagulation factors were included in the
multivariable analysis. A P-value <0.05 (two-sided) was
considered statistically significant.

RESULTS

Participant Characteristics

Between October 2022 and May 2023, 122 patients were
enrolled and randomized (n = 61 for each group, Fig. 1B).
Among them, 15 patients—who withdrew their consent to
participate (n = 7), with a focal liver lesion measuring <1 cm
on preprocedural US (n = 1), with unfeasible US-guided PLB
(n = 4), and who showed nonadherence to the allocated biopsy
protocol (n = 3)—were excluded from the final analysis. The
reasons for nonadherence are summarized in Supplementary
Table 1. The remaining 107 patients (54 males and 53 females;
mean age + standard deviation: 61.6 + 12.2 years) were
included for analysis, with 54 patients in the coaxial method

Table 1. Clinical characteristics of all enrolled patients according to the biopsy method used

Coaxial method with needle track

Conventional method

plugging (n = 54) (n=53) P
Age, yrs 60.9 + 14.3 62.2+9.5 0.571
Male 27 (50.0) 27 (50.9) >0.999
Body mass index, kg/m? 23.2+3.6 23.3+3.7 0.935
Platelet, x10°/pL 290.0 + 149.6 247.2 +91.1 0.076
Chronic liver disease or liver cirrhosis 11 (20.4) 8 (15.1) 0.645
Pathologic diagnosis 0.506
Primary hepatic malignancy 14 (25.9) 14 (26.4)
Hepatocellular carcinoma 6 (11.1) 5 (9.4)
Intrahepatic cholangiocarcinoma 8 (14.8) 7 (13.2)
Poorly differentiated carcinoma 0 (0.0) 1(1.9)
Sarcomatoid carcinoma 0 (0.0) 1(1.9)
Metastasis 35 (64.8) 37 (69.8)
Gallbladder and bile duct 9 (16.7) 1(1.9)
Breast 7 (12.9) 8 (15.1)
Cervix 0 (0.0) 1(1.9)
Colorectal 3 (5.5) 1(1.9)
Lung 4 (7.4) 6 (11.3)
Malignant melanoma 0 (0.0) 1(1.9)
Pancreas 8 (14.8) 15 (28.3)
Stomach 2 (3.7) 3 (5.6)
Thymus 1(1.9) 0 (0.0)
Unknown primary 1(1.9) 1(1.9)
Benign 2 (3.7) 1(1.9)
Focal nodular hyperplasia 1(1.9) 0 (0.0)
Hemangioma 1(1.9) 0 (0.0)
Inflammatory pseudotumor 0 (0.0) 1(1.9)
Non-diagnostic 3 (5.5) 1(1.9)

Data are presented as numbers (%) or mean + standard deviation
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with NTP group and 53 patients in the conventional method
group. No significant differences were observed regarding
the clinical characteristics between the two groups,
including platelet levels and the presence of chronic liver
disease or liver cirrhosis (Table 1). None of the patients
had an underlying chronic kidney disease. All patients
were referred for PLB due to the suspicion of primary or
metastatic hepatic malignancy.

Comparison Between the Coaxial Method With NTP and
Conventional Method

The patent track sign was significantly less frequently
detected in the coaxial method with NTP group compared
with the conventional method group (16.7% [9/54] vs.
35.8% [19/53]; P =0.042; Table 2, Fig. 2). For patients with
a positive patent track sign, the duration of the sign was
shorter in the coaxial method with NTP group than in the
conventional method group (Fig. 3). None of the patients
showed clinical signs or US evidence of ongoing bleeding or
hypovolemic shock requiring subsequent contrast-enhanced
CT, or required hospitalization or further management.
When contacted 1 day and 1 week after the biopsy, no
patient reported any delayed-onset complications requiring
hospitalization.

Korean Journal of Radiology

The coaxial method with NTP demonstrated a shorter total
procedure time than the conventional method, without
statistical significance (6.1 minutes vs. 7.6 minutes; P =
0.053; Table 2). Periprocedural dizziness (1.9% vs. 0.0%;

P >0.999) and pain (33.3% vs. 47.2%; P = 0.207) and
postprocedural ascites/hemoperitoneum on US (3.7% vs.
1.9%; P = 0.974) were not significantly different between
the two methods. Both methods achieved a high diagnostic
yield (94.4% vs. 98.1%; P = 0.624).

Factors Associated With the Patent Track Sign

In the univariable analysis, the coaxial method with NTP
was significantly associated with a lower risk of the patent
track sign (odds ratio [OR]: 0.358, 95% confidence interval
[CI]: 0.139-0.869; P = 0.027), while subcapsular location
(OR: 2.928, 95% CI: 1.044-8.148; P = 0.038) significantly
increased the risk of patent track sign (Table 3). Factors
such as tumor size, the presence of underlying chronic
liver disease or cirrhosis, a history of anticoagulation
treatment, biopsy gun type, platelet level, and INR were
not significantly associated with the patent track sign.
In the subsequent multivariable analysis, which included
significant factors identified in the univariable analysis
alongside crucial hemostasis factors (platelet level and

Table 2. Differences in procedure-related parameters according to the biopsy method used

Coaxial method with needle track

Conventional method

plugging (n = 54) (n=53) P
Size, cm 3.4 (2.4, 6.4) 3.8 (2.0, 5.5) 0.978
Subcapsular location 11 (20.4) 9 (17.0) 0.840
Automatic biopsy gun 52 (96.3) 38 (71.7) 0.001
Number of liver capsule puncture <0.001
1 54 (100) 1(1.9)
2 0 (0.0) 1(1.9)
3 0 (0.0) 39 (73.6)
4 0 (0.0) 11 (20.8)
5 0 (0.0) 1(1.9)
Fulfillment of requested number of tissue cores 54 (100) 51 (96.2) 0.818
Total procedure time, minute 6.1+2.9 7.6 +4.5 0.053
Patent track sign 9 (16.7) 19 (35.8) 0.042
Duration of the patent track sign, minute 6.0 £ 3.1 7.0 £ 3.6 0.149
Peri-procedural pain 18 (33.3) 25 (47.2) 0.207
Pain severity (numeric rating scale) 0.0 (0.0, 2.0) 0.0 (0.0, 5.0) 0.076
Most painful site 0.382
Biopsy site 9 (16.7) 17 (32.1)
Other sites* 9 (16.7) 8 (15.1)
Diagnostic yield 51 (94.4) 52 (98.1) 0.624

Data are presented as numbers (%) or median (1st quartile, 3rd quartile), or mean + standard deviation.
*Ipsilateral shoulder (n = 4), lower abdomen (n = 4), epigastric area (n = 7), left back (n = 1), and right flank (n = 1)

kjronline.org https://doi.org/10.3348/kjr.2024.0536

907



Korean Journal of Radiology

KJR

Yoon et al.

Fig. 2. Detection and cessation of track bleeding after percutaneous liver biopsy. A: A patent track sign, defined as a linear track of
color flow along the biopsy track, was detected on Doppler US performed immediately after a US-guided percutaneous liver biopsy using
the coaxial method with needle track plugging. B: The patent track sign disappeared within 1 minute. C: The patent track sign was
observed on immediate postbiopsy Doppler US using the conventional method. D: The patent track sign persisted on 5-minute-delay
Doppler US. E: The patent track sign disappeared in 8 minutes. US = ultrasound

INR), the coaxial method with NTP was independently
associated with a lower risk of the patent track sign (OR:
0.360, 95% CI: 0.131-0.923; P = 0.038), while subcapsular
location again demonstrated an association with a higher
risk of the patent track sign (OR: 3.149, 95% CI: 1.059-
9.516; P =0.038).

DISCUSSION

To our knowledge, this is the first prospective, randomized
study to compare the safety of US-guided PLB between the
coaxial method with NTP and conventional method. Patent
track signs were less frequently observed when using the
coaxial method with NTP than conventional method when
acquiring three or more tissue cores. The total procedure
time, biopsy-related symptoms, and diagnostic yields were
similar between the two methods. No patient experienced
clinically significant or delayed bleeding after discharge,

908

which supports the safety of an outpatient basis. Both
the biopsy method and subcapsular target lesion location
were independently associated with the risk of postbiopsy
bleeding.

The patent track sign was significantly less commonly
observed in the coaxial method with NTP group than
the conventional method group (16.7% vs. 35.8%; P =
0.042). Although the patent track sign is known to resolve
spontaneously in most cases, its significance should not be
underestimated, for three reasons. First, the patent track
sign has been reported to be significantly associated with
progression to clinically significant bleeding [17]. Second,
the patent track sign might discourage the operator from
completing the acquisition of the requested number of
tissue cores due to concerns about potential evolution
into clinically significant bleeding. It should be noted
that among the 19 patients in our study who exhibited the
patent track sign after conventional biopsy, operators failed

https://doi.org/10.3348/kjr.2024.0536 kjronline.org
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to retrieve the full set of requested tissue cores from two in clinical trials. Third, unlike indirect signs—such as
patients (2/19, 10.5%). Thus, even minor bleeding during perihepatic hematoma or hemoperitoneum, which remain
or after PLB using the conventional method may result in for some time even if bleeding has stopped—the patent
insufficient tissue samples and ultimately prevent patients track sign provides a real-time assessment of whether
from receiving appropriate treatments or participating bleeding is ongoing or not. This may help the operator

make decisions regarding the safety of discharging patients
in the case of outpatient procedures [17,19]. Therefore,

501 P<0.05 m Coaxial method with needle track plugging |  considering the expanding application of precision medicine
Conventional method

within contemporary medical practices, we advocate for the
40 1 coaxial method with NTP as a more suitable approach [22].

8 No patient in either group experienced clinically

£ 301 significant or delayed bleeding after discharge. Although
“E-,L the reported rate of clinically significant bleeding

g 20 complications after PLB ranges from approximately

2 0.5%-1.2% [3,7,13,15,16,20], this rate reduced to 0%

10 - when using the coaxial method with NTP [28,31-33].
We speculate that the absence of clinically significant

0l | | % bleeding, even in the conventional method group, might

No bleeding <1 1-3 3-5 5-30 >30 be attributed to the small sample size. Meanwhile, all
Duration of the patent track sign (min) observed patent track signs spontaneously resolved within

Fig. 3. Duration of the patent track sign according to the biopsy 30 minutes of observation, without progressing to clinically

method. Patent track signs were observed significantly less significant bleeding complications. This finding suggests

frequently in the coaxial method with needle track plugging group that a 30-minute observation period might be sufficient to

than the con\./entionaF method group..When the patent track s.ign exclude potentially significant bleeding, as opposed to the
was present, its duration was shorter in the coaxial method with

needle track plugging group than the conventional method group. previously suggested 1-hour observation period after US-
All patent track signs spontaneously resolved within 30 minutes. guided PLB [9]. Furthermore, no patients developed delayed

Table 3. Univariable and multivariable logistic regression analyses for patent track sign

Univariable analysis Multivariable analysis
OR 95% (I P OR 95% (I P

Age, yrs 0.972 0.938-1.007 0.113
Sex

Female 1.000 Reference

Male 1.183 0.499-2.807 0.702
Chronic liver disease or liver cirrhosis 0.473 0.104-1.574 0.265
History of anticoagulation medication 0.328 0.050-1.275 0.157
Platelet, x10°/pL 0.996 0.991-1.001 0.086 0.996 0.991-1.001 0.147
PT (INR) 1.670 0.007-292.561 0.848 4.302 0.008-2092.561 0.642
Tumor size, cm 1.119 1.001-1.283 0.072
Subcapsular location 2.928 1.044-8.148 0.038 3.149 1.059-9.516 0.038
Biopsy protocol

Conventional method 1.000 Reference 1.000 Reference

Coaxial method with needle track plugging 0.358 0.139-0.869 0.027 0.360 0.131-0.923 0.038
Biopsy gun type

Semi-automatic 1.000 Reference

Automatic 3.047 0.785-20.197 0.157

Variables with a P-value < 0.05 on univariable analysis and crucial hemostasis factors (platelet and INR) were included in the multivariable
analysis. During stepwise variable selection using the bidirectional elimination method, none of the four candidate variables were eliminated.
INR = international normalized ratio, OR = odds ratio, CI = confidence interval, PT = prothrombin time
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bleeding complications after discharge. While potentially
fatal, delayed bleeding complications are known to occur
much less frequently than immediate postbiopsy bleeding
[35-38]. Although the exact mechanism for delayed bleeding
after PLB remains unclear, the most likely cause is premature
clot dissolution at the biopsy site related to impaired liver
function and hyperfibrinolysis [18,39]. Our inclusion criteria,
which required a fibrinogen level of >100 mg/dL for patients
with chronic liver disease or cirrhosis as recommended by
the Society of Interventional Radiology consensus guidelines
[34], may have aided in excluding patients at a high risk for
delayed bleeding. Therefore, we carefully suggest that PLB
may remain an outpatient procedure—even when retrieving
three or more tissue cores—with strict application of
patient selection criteria and the use of the coaxial method
with NTP.

Complications specifically related to the NTP procedure
itself were rarely reported. We identified a case report where
the biliary migration of the injected gelatin slurry led to
acalculous cholecystitis in a pediatric patient [40]. In our
study, US findings following gelatin slurry injection varied
among patients; yet, none showed complications directly
related to the NTP procedure (Supplementary Fig. 1).
Furthermore, no technical failure was encountered following
the application of the coaxial method with NTP and gelatin
slurry injection, consistent with the results of previous
studies that have documented a high technical success rate
for this approach [31,33]. The procedure time for the coaxial
method with NTP was comparable to that of the conventional
method. In summary, our findings indicate that the coaxial
method with NTP does not present any disadvantages over
the conventional method.

Our results demonstrate that a subcapsular target lesion
location was significantly associated with a higher risk
of the patent track sign. The tamponade effect of the
intervening liver parenchyma included in the biopsy track
can reduce the risk of bleeding. Although a retrospective
study reported no significant differences in the frequencies
of moderate and severe bleeding between the biopsies of
subcapsular and nonsubcapsular masses [3], it did not
report or compare the rates of mild bleeding. Since the
patent track sign encompasses all degrees of biopsy track
bleeding, our results do not contradict those of the previous
study. Meanwhile, low platelet levels were associated with
the risk of postbiopsy bleeding only when the conventional
method was used. We speculate that the impact of low
platelet levels might have been mitigated by the external
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tamponade effect from NTP.

This study has several limitations. First, the coaxial
method with NTP was not directly compared with the
coaxial method without NTP; instead, it was compared
with the conventional method. Our study aimed to explore
the advantages of the coaxial method with NTP regarding
safety and effectiveness compared with the most prevalent
technique, the conventional method. Our focus was not
solely on verifying the effects of the additional NTP
procedure itself. Second, the biopsy was performed by
two expert operators from the same institution. Third, the
operators were not blinded to the patients’ coagulation
indices, medical history, or comorbidities. Last, the primary
endpoint of this study was the patent track sign, not
clinically significant bleeding. Clinically significant bleeding
is so rare that using it as a primary endpoint would require
an impractically large sample size.

In conclusion, compared with the conventional method,
the coaxial method in conjunction with NTP resulted in a
lower rate of the patent track sign, suggesting a potentially
reduced risk of bleeding complications after US-qguided PLB
when retrieving three or more tissue cores. In the era of
precision medicine, the coaxial method with NTP could be
considered a viable option for acquiring multiple liver tissues
on an outpatient basis.
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