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Purpose: To investigate the efficacy of a newly-developed laser-heated core biopsy needle in the thermal ablation
of biopsy tract to reduce hemorrhage after biopsy using in vivo rabbit’s liver model.
Materials and methods: Five male New Zealand White rabbits weighed between 1.5 and 4.0 kg were anesthetized
and their livers were exposed. 18 liver biopsies were performed under control group (without tract ablation, n =
9) and study group (with tract ablation, n = 9) settings. The needle insertion depth (~3 cm) and rate of retraction
(~3 mm/s) were fixed in all the experiments. For tract ablation, three different needle temperatures (100, 120
and 150 ◦ C) were compared. The blood loss at each biopsy site was measured by weighing the gauze pads before
and after blood absorption. The rabbits were euthanized immediately and the liver specimens were stained with
hematoxylin-eosin (H&E) for further histopathological examination (HPE).
Results: The average blood loss in the study group was reduced significantly (p < 0.05) compared to the control
group. The highest percentage of bleeding reduction was observed at the needle temperature of 150 ◦ C (93.8%),
followed by 120 ◦ C (85.8%) and 100 ◦ C (84.2%). The HPE results show that the laser-heated core biopsy needle
was able to cause lateral coagulative necrosis up to 14 mm diameter along the ablation tract.
Conclusion: The laser-heated core biopsy needle reduced hemorrhage up to 93.8% and induced homogenous
coagulative necrosis along the ablation tract in the rabbits’ livers. This could potentially reduce the risk of tumor
seeding in clinical settings.

1. Introduction
Biopsy has become an essential diagnostic tool to assist decision
making and patient management especially in oncology. In this era of
precision medicine, biopsy is no longer limited to malignancy diagnosis
and histology, but rather a critical procedure at multiple time points to
determine tumor biomarkers, evaluate treatment response, predict
prognosis and guide management [1]. There are several methods of
biopsy available nowadays, such as surgical biopsy, core needle biopsy
(CNB) and fine needle aspiration (FNA) biopsy. Insertion of a biopsy

needle through the skin into the suspected tissue/organ is known as
percutaneous needle biopsy. CNB and FNA are two common types of
percutaneous needle biopsies. FNA uses a thin needle (e.g. 22 G or
smaller) attached to a syringe whereas CNB uses a specially adapted
instrument with a thicker needle (e.g. 20 G or larger), allowing more
tissue to be extracted for evaluation [2,3].
Although percutaneous needle biopsy is a relatively safe procedure,
it is often associated with the risks of hemorrhage and implantation of
tumor cells via tract seeding [4–7]. For example, the risk of bleeding
after liver biopsy is high especially for patients with coagulation defects,
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reduced platelet counts or large amounts of perihepatic ascites [8].
Pritchard et al. reported the incidences of post-biopsy hematoma in the
liver were 18.3% with a 2.0 mm Tru-cut needle and 23% with a 1.6 mm
Jamshidi needle [9]. Usually, post-biopsy hemorrhage can be detected
within the first 2–3 h, however some studies have reported cases of
delayed hemorrhage and some patients were asymptotic [10,11].
Recently, Midia et al. [12] published a scoping review on the predictors
of bleeding complications following percutaneous image-guided liver
biopsy. Their review on 34 published articles between 1994 and 2015
concluded that, bleeding of any kind occurred in up to 10.9% of imageguided liver biopsy, with major bleeding episodes ranging from 0.1 to
4.6% and minor bleeding events occurring in up to 10.9%.
Implantation of tumor cells via biopsy tract seeding has been well
documented in the literature [13,14]. Takamori et al. studied a total of
59 patients who underwent FNA biopsy for hepatocellular carcinoma
and 3 of them (5.1%) were identified with needle-tract implantation of
tumor [15]. Despite the use of a coaxial approach to minimize the risk,
Viswanathan et al. conveyed two separate cases of tumor tract seeding
after renal biopsies and a cryoablation [16]. The first national survey in
Japan that documented severe complications following CT-guided nee
dle biopsy of lung lesions reported that, the incidence rates of tumor
seeding and pulmonary hemorrhage were both 0.061%, respectively
[17]. The authors further explained that the true incidence of tumor
seeding along the needle may be underestimated as not all cases can be
diagnosed, and many patients die before these metastases become
clinically apparent. The occurrence of needle tract seeding after biopsy
may result in disease progression as well as converting a potentially
resectable lesion into an unresectable one [18].
In general, the risks of post-biopsy bleeding and needle tract seeding
appear to be a random event and cannot be predicted. Although the
current reported cases are low in number, the risks should not be taken
lightly especially in this contemporary era where the request for
percutaneous biopsies and the amounts of tissue taken are in an everincreasing rate to meet the demands for molecular pathologic analysis
in targeted therapy [1]. Various approaches have been presented to
reduce the risk of bleeding such as plugging of the biopsy tract using
various materials including gel foam, fibrin and polymers [19–21].
However, the delivery systems that employ coaxial needle suffer the
setbacks of widened needle tract size and longer duration for biopsy and
plug insertion. A relatively new technique which does not require a
sheath was introduced by cauterizing the needle tract using radio
frequency current [22]. Nevertheless, due to the high radiofrequency
energies, it may damage the tissue specimen contained within the biopsy
needle during tract ablation. In this study, a laser-heated core biopsy
needle system is introduced and the efficacy in reducing hemorrhage
and causing tissue necrosis along the biopsy tract was tested in vivo using
live rabbit models.

automatically by a proportional-integral-derivative (PID) control system
developed using LabVIEW software. A schematic diagram of the laser
ablation needle is presented in Fig. 1. A detailed description on the
design, specification and in vitro testing data of the laser ablation needle
can be found in our recent publication [23]. The 450 nm blue laser diode
is categorized as a Class 4 laser hence a safety goggle should be worn
during the operation.
2.2. Animal and preparation
This study protocol was approved by the Institutional Animal Care
and Use Committee (IACUC), University of Malaya, Malaysia. All
applicable institutional and/or national guidelines for the care and use
of animals were followed. Five adult male New Zealand White rabbits
weighing between 1.5 and 4.0 kg were used as the study models.
The rabbits were anesthetized using intramuscular injection of ke
tamine 30 mg/kg (Ilium Ketamil 100 mg/ml, Troy Laboratories,
Australia) in combination with xylazine 3 mg/kg (Ilium Xylazil-100,
100 mg/ml, Troy Laboratories, Australia). The abdomen of the rabbits
was shaved before the procedure. All rabbits were placed in supine
position for skin preparation by scrubbing the contact surgical area with
4% chlorhexidine followed by 70% alcohol swab and povidone iodine
paint before a longitudinal midline incision at abdomen was performed
to expose the liver. The rabbits were monitored throughout the experi
ment to avoid excessive depression of cardiac and respiratory functions,
or insufficient anesthesia.
2.3. Experimental design
Biopsy mimicking procedure was performed on the rabbit’s liver.
The biopsy procedures were divided into two groups: one mimicked the
standard biopsy procedure without tract ablation (control group),
another one with tract ablation using the laser-heated core biopsy sys
tem (study group). In order to do paired comparison, the biopsy sam
pling sites of the control group and study group were done in adjacent to
each other (about 2.5 cm apart). Four biopsies per liver (2 control, 2
study) were done on four rabbits, and two biopsies (1 control, 1 study)
were done on one rabbit, leading to a total number of 18 biopsies (9
control, 9 study). Fig. 2 shows (a) the image of the laser ablation needle
and (b) two biopsy sites adjacent to each other in the rabbit’s liver: one
with laser-heated tract ablation (study group) and one without (control
group).
During the biopsy procedures of both study and control groups, a
13.5 G coaxial introducer needle (Universal Coaxial Introducer Needle,
Merit Medical, The Netherlands) was inserted into the rabbit’s liver for
approximately 3 cm depth. Then a 14 G core biopsy needle (Adjustable
Coaxial TEMNO™ (ACT) Biopsy Device, Merit Medical, The
Netherlands) was inserted through the coaxial introducer needle to
collect the biopsy samples. For the control group, after the biopsy
sample was collected, the core biopsy needle was reinserted through the
coaxial introducer needle and removed together with the coaxial
introducer needle to mimic a standard biopsy procedure. Whereas for
the study group, after the biopsy sample was collected, the laser-heated
ablation needle was inserted through the coaxial introducer needle to

2. Materials and methods
2.1. Laser-heated core biopsy needle system
The laser-heated core biopsy needle system consists of three com
ponents: (a) a 13.5 G coaxial introducer needle; (b) a 14 G coaxial biopsy
needle; and (c) a laser ablation needle. The laser ablation needle
comprised of a medical grade optical fiber (diameter 800 μm) embedded
inside a sealed-end stainless steel needle (outer diameter 1.5 mm, inner
diameter 1.3 mm) and connected to a 450 nm high power blue laser
diode (maximum power of 5 W). The laser beam was confined within the
sealed-end stainless steel needle and converted into heat energy for
tissue ablation. The laser ablation needle was connected to a closed-loop
control system that comprised of a 2 mm Fiber Bragg Grating (FBG)
temperature sensor, FBG interrogator and a computer. The FBG tem
perature sensor was incorporated inside the ablation needle for real-time
temperature measurement using FBG interrogator. Based on the realtime temperature feedback, the laser power can be regulated

Fig. 1. Schematic diagram of the laser ablation needle.
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was performed to compare the difference in term of percentage blood
loss between the study and control groups. 95% confidence interval was
used and p-value <0.05 was considered as statistically significant
different. The needle temperature, weight of blood loss and diameter of
coagulation necrosis were reported in mean ± standard deviation.
3. Results
3.1. Comparison of percentage difference in blood loss between the study
and control groups
Fig. 3 presents the amount of blood loss (g) between study and
control groups for needle temperatures at 100, 120 and 150 ◦ C.
Wilcoxon-signed rank test showed that the amounts of blood loss were
statistically significant (p < 0.05) lower in the study group compared to
the control group, as shown in Table 1. The blood loss was reduced by
84.2, 85.8 and 93.8% for 100, 120 and 150 ◦ C, respectively.
3.2. HPE results
Fig. 4 shows the macroscopic views of the liver samples after tract
ablation at different needle temperatures. Coagulative necrosis was seen
surrounding the ablation tract. The lengths of the necrotic tissues were
consistent with the lengths of the biopsy needle insertion (~3 cm) and
the diameter of the coagulative tissues ranged from 5.5 ± 0.7 to 14.0 ±
1.4 mm according to the HPE results (Table 2). Fig. 5 shows the picture
of the cut gross specimen (a) and its corresponded HPE image (b). The
ablation zones were well demarcated and surrounded by normal liver
tissues. The central area of char that is surrounded by pale liver tissues
(Fig. 5a). From histologic examination, three distinguished zones were
identified in the samples. Zone 1 was a central cavity of char filled with
fibrins and hemorrhage induced by the hot needle (refer Fig. 6a). Zone 2
contains shrunken hepatocytes with basophilic cytoplasm. The cells in
this zone might be structurally intact but with contracted cytoplasm,
pyknotic nuclei and widened sinusoids (see Fig. 6b and c). These are the
indications of early stage necrosis. A thin peripheral zone shows
congestion of liver with focal sinusoidal hemorrhage (Fig. 6d and e).
Essentially, normal liver cells were observed peripheral to the area of
treatment (Fig. 6f).

Fig. 2. (a) Image of the laser ablation needle and (b) a pair of biopsy samples:
without tract ablation (dotted circle) and with tract ablation (solid circle) of the
rabbit’s liver.

perform biopsy tract ablation. During tract ablation, the laser power was
turned on and the needle was held stationary until it reached the target
temperature as displayed on the monitor. The needle was then slowly
retracted at a rate of ~3 mm/s until the needle was completely removed
from the liver. Three different target temperatures (100, 120 and
150 ◦ C) of the laser-heated ablation needle were tested in this study.
Three samples were collected for each temperature setting and the tract
ablation results (i.e. percentage blood loss and diameter of coagulation
necrosis) were compared between temperatures.
The amount of blood at each biopsy site was collected using dry
gauze pads until the bleeding was completely stopped. The amount of
blood loss was calculated by minus the weight of the dry gauze pads with
the weight of the same gauze pads after collecting the blood. A cali
brated precision balance (TX423L, Shimadzu, Japan) with 1 mg reso
lution was used for the weight measurement.
The rabbits were euthanized immediately after the procedures using
pentobarbital 100 mg/kg intracardially (Dorminal 20% 200 mg/ml,
Alfasan Woerden-Holland, The Netherlands). The livers were then har
vested and fixed in 10% neutral buffered formalin. For histopathological
examination (HPE), the liver was sectioned along the axial plane of the
biopsy tract at 1 cm interval. The specimens were then embedded in
paraffin and sliced into 4 µm sections for hematoxylin and eosin (H&E)
staining. HPE was done by an experienced pathologist to examine the
areas of necrotic tissues. The diameters of coagulation necrosis (if any)
were measured on the HPE images and reported.

4. Discussion
Electrocautery is a common concept to burn or coagulate the specific
area of tissues by using electrical current to heat a resistant metal wire
which is used as an electrode. The hot electrode is placed directly to the
targeted tissue to stop bleeding during surgical procedures [22]. In
contrast to the existing Bovie electrocauterization systems, the laserheated core biopsy needle system in this study uses laser energy to
heat up the coaxial introducer needle. The principle is similar to
percutaneous laser ablation that is commonly used in small tumor
ablation except that the employed laser source used is a high power
compact blue diode laser (450 nm) with a maximum power of 5 W.
The in vivo experiments in this study showed that the laser-heated
core biopsy needle system is effective in reducing bleeding up to
93.8% using needle temperature of 150 ◦ C and maximum laser power of
5 W. From the HPE results, it shows that homogenous coagulative ne
crosis was seen surrounding the needle tract. The diameter of the ne
crosis tissues ranged from 5.5 to 14 mm depending on the needle
temperature. Although 150 ◦ C produced the largest diameter of coagu
lative necrosis, 120 ◦ C temperature setting is recommended in order to
minimize charring at the tissues in direct contact with the ablation
needle. Theoretically, the formation of char could reduce the incidence
of needle track seeding [24], however, excessive charring may reduce
heat conductivity and increase risk of thermal injuries such as tissue
adherence with incidental tearing of adjacent blood vessels.
Normal healthy liver morphology can be seen after a rim of early

2.4. Statistical analysis
The percentage difference in blood loss was calculated for each bi
opsy site. The data were categorized according to the study and control
groups for three different temperature settings, and each test was
repeated three times. Statistical analysis was performed using SPSS
version 23.0 software (IBM, Armonk, USA). Wilcoxon signed-rank test
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Fig. 3. Comparison of difference in blood loss (g) between control (without laser heating) and experimental (with laser heating) group for needle temperature at 100,
120 and 150 ◦ C. Note that the tract ablation with laser heating has reduced or stopped bleeding in all cases.

thermocouples or other metallic based sensors [28]. The sensor is small
enough (125 µm) to be incorporated into the needle core.
This study has several limitations. First, the rabbits were euthanized
immediately after the experiments. Therefore, the long-term outcomes
such as the final extent of coagulation necrosis could not be evaluated.
Second, the insulation of the biopsy needle needs to be improved to
minimize tissue adherence and prevent incidental tissues tearing. Third,
only one type and size of the core biopsy needle system (14 G core biopsy
needle with 13.5 G coaxial introducer needle) was tested in this study.
There are currently more than six types of biopsy needles with various
sizes to suit different clinical purposes in the market. Our prototype has
to be modified for different biopsy applications. Furthermore, this study
was performed under open surgery setting in order to enable us to
observe the state of bleeding. In clinical scenario, most of the biopsy
procedures were done as the image-guided minimally invasive proced
ure. Therefore, we were not able to verify the efficiency of the system in
terms of homeostasis in tissues such as skin, muscle and fat that overlay
the liver. Future study should be conducted in percutaneous setting to
verify the clinical effectiveness of the prototype. In addition, the rabbit’s
liver was small and thin, and hence the depth of penetration of the

Table 1
Comparison of mean blood loss between study and control groups.
Needle
Temperature
(◦ C)

Weight of Blood Loss (g)
Control Group
(Without Tract
Ablation)

Study Group
(With Tract
Ablation)

100 ± 13
120 ± 12
150 ± 6

0.398 ± 0.196
0.115 ± 0.074
0.240 ± 0.187

0.063 ± 0.046
0.016 ± 0.019
0.015 ± 0.016

Percentage
Difference in
Blood Loss (%)

PValue

84.2
85.8
93.8

0.008

necrosis tissues, suggesting that the heat was radially spread from the
tips of the needle. Besides, carbonization and cavities were observed at
the center of the ablation zone. This is due to rapid increase of tem
perature experienced by the cells, thereby forming multiple cavities.
Cells closer to the center showed obvious distortion because of the
cavitation effects [25].
Laaseke et al. highlighted the importance of the incorporation of a
real-time temperature feedback circuit to clinical thermal ablation sys
tems [26]. In this study, the FBG temperature sensor was incorporated
close to the hot zone of the needle to monitor real-time needle tem
perature. Theoretically, temperature above 60 ◦ C will cause near
instantaneous coagulation necrosis and above 105 ◦ C will cause tissue
vaporization [27]. The needle temperature in our system is controlled by
the PID system. The laser power is dynamically adjusted to ensure the
needle temperature is well controlled within the vicinity of the target
temperature. The needle temperature and laser power are displayed on
the monitor in real-time can improve the operation experience and
safety. An advantage of our system over that of Laaseke et al. is the use of
fiber optic temperature sensor (FBG) for temperature measurement. It is
powerful optical fiber component that is immune to electromagnetic
interference and can be used together with MR imaging compared to

Table 2
Diameters of coagulative necrosis at different needle temperatures and macro
scopic observations.
Needle
Temperature (◦ C)

Diameter of Coagulation
Necrosis (mm)

Macroscopic Observation

100 ± 13
120 ± 12

5.5 ± 0.7
8.5 ± 2.1

150 ± 6

14.0 ± 1.4

Insufficient ablation
Uniform ablation, no charring
observed
Uniform ablation with minimal
charring along the needle tract

Fig. 4. Macroscopic views of the liver specimens (axial slice) after tract ablation at needle temperature of (a) 100 ◦ C, (b) 120 ◦ C and (c) 150 ◦ C. The diameters of the
coagulative tissues were ~6, ~10 and ~15 mm, respectively.
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Fig. 5. Pathologic findings of the tract ablation specimen. (a) Cut gross of liver specimen with 4 zones; (1) central dark area of char created by the hot needle. It is
surrounded by (2) a pale liver tissue (early necrosis), (3) a small hemorrhagic rim (congestion and focal sinusoidal hemorrhage) and lastly (4) the normal liver region.
(b) Microscope image of the same specimen treated with H&E stain; the corresponding zones are labelled in accordance to (b).

Fig. 6. Histologic image of the tract ablation specimen. (a) Coagulation and condensation of cells due to dehydration and denaturation of protein was observed (refer
arrows). (b and c) Decrease in intensity of eosin staining and amorphous appearance (cellular details were mildly obscured and disorganized) was observed with
detachment of cells. (d and e) The hemorrhagic rim (refer arrows) in the surrounding of ablation wound. (f) A normal liver tissue region that is at further distance
from the hemorrhagic rim. (a) and (d) H&E stain with 4× magnification; (b), (c), (e) and (f) H&E stain with 10× magnification.

biopsy needle was limited to 3 cm from the liver capsule. Further ex
periments using large animals are advised.

can potentially reduce the risk of tumor seeding. However, further
studies are required to validate the clinical performance of the proposed
system.

5. Conclusion
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