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Background: The aim of this study was to compare the histopathological quality and
physical features of the specimen of a full-core end-cut biopsy system with that of the
standard side-notch system for liver biopsies.

Methods: A full-core end-cut 16G biopsy device and a standard side-notch 16G needle were
used to take biopsies of unclear liver lesions. Patients were randomized in two groups of 16
patients each. The primary endpoint of this prospective study was the core length measured
using a dedicated microscope imaging software. Secondary endpoints were the quality of the
specimen rated by an independent pathologist unaware of the device (scale from 1 to 5; with
1 as best and 5 as worst), the core diameter (determined by the microscopic imaging
software) and presence of fragmentation (evaluated by the pathologist).

Results: For the full-core (FC) and side-notch (SN) groups, the mean core length was similar with
13,599 pum and 11,570 um (p=0.131), respectively. The quality of the specimen was significantly
better in the FC-group with an average rating of 1.68 vs 2.50 (p=0.009). The fragmentation rate in
the FC-group was statistically significantly lower at 2/27 (7%) than in the SN-group at 13/33 (39%)
(p=0.021). The diameter in the FC-group was 1042 pm vs 930 um in SN-group (p=0.018).
Keywords: liver biopsy, full-core, side-notch, liver tumor, biopsy system

Introduction
The diagnostic informative value of a liver biopsy is directly correlated with the sampling
size and quality. To reduce the risk of misinterpretation and to increase the inter-observer
variability, liver specimens are considered to be of high quality if the punch-cylinder is
longer than 15 mm, or in case of a tumor-free biopsy, 10 portal fields should be
recognizable.'

Differences in material quality might lead to variations in the histological
diagnoses of liver fibrosis, especially when diagnosing the stage of liver fibrosis.***

The dominating needle-design for soft tissue biopsies has been the side-notch
needle for more than three decades.” It consists of an inner stylet with a side notch
and an outer cutting needle. Because of the inner stylet, the full diameter of the cannula
cannot be filled.

More recently, end-cut, full-core needle devices have been developed in which
the entire lumen and almost the whole length of the advancement of the needle are
used to capture the specimen. A coaxial pincer, which slides through a slit at the tip
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of the device, cuts and encloses the full-core specimen.® In
this study, a new full-core device with the aforementioned
features was used.

Obviously, one of the main objectives of a valuable
biopsy system is to gain as much tissue as possible with the
smallest possible trauma. While the end-cut needle has been
shown to be safe for biopsy of organs like lung or liver,’ the
adequacy of the specimen using the full-core and side-notch
design for those organs has not been examined yet.

Therefore, the objective of this prospective randomized
study was to compare the specimen of a full-core, end-cut
device to a side-notch device regarding the histopatholo-
gical quality and physical features.

Materials and Methods
Study Design and Participant Selection

In a prospective, randomized two-armed study carried out
between April and November 2017, biopsies of malignant
liver tumors were performed with either a full-core (FC) or
side-notch (SN) system.

The ethics committee of the University Regensburg
approved this study (approval no. 16-101-0137). All proce-
dures performed in studies involving human participants were
in accordance with the ethical standards of the institutional

and/or national research committee and with the 1964
Helsinki declaration and its later amendments or comparable
ethical standards. Written informed consent was obtained
from all patients. All biopsies were performed by one opera-
tor. All patients had one or more unclear liver lesions con-
firmed by contrast-enhanced magnetic resonance imaging (n=
18), computed-tomography (n = 8) or both (n = 6) and the
indication for biopsy was based only on clinical criteria. The
following exclusion criteria were applied: coagulation disor-
ders not amenable to substitution; clinical need to use a larger
or smaller diameter than 16-gauge of the biopsy device;
refusal to participate in the study. Subjects with all the follow-
ing characteristics were eligible for study enrolment: Male
patients and non-pregnant, non-lactating females aged >18
years of age, INR<I.4, thrombocyte count >10x10°/1,
informed consent signed.

After signing the informed consent, patients were ran-
domized either to the FC or SN group for a total of 32
patients (Figure 1). The allocations were sealed in conse-
cutively numbered opaque envelopes and assigned by the
study nurse. Once the patient was included in the trial, he/
she was then irreversibly randomized by opening the next
sealed envelope containing his/her assignment. Patients

were only included and randomized once.

[ Enrollment }

Assessed for eligibility (n = 43)

Excluded (n = 11)

+ Not meeting inclusion criteria (n = 9)
+ Declined to participate (n = 2)

+ Other reasons (n = 0)

Randomized (n = 32)

!

Y [ Allocation ] y

Allocated to full-core biopsy (n = 16) Allocated to side-notch biopsy (n = 16)

+ Received allocated intervention (n = 16) + Received allocated intervention (n = 16)
l [ Analvsis ] l

Analysed (n = 16) Analysed (n = 16)

+ Analysed specimen (n = 29) + Analysed specimen (n = 33)

Figure | CONSORT flow diagram displaying the progress of all participants through the trial.
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Forty-three patients were assessed for eligibility. Eleven
patients were excluded from the study. Nine patients met
exclusion criteria. Two patients refused to participate in
the study. After randomization liver biopsy was performed
in 16 patients using the 16-gauge full-core, end-cut biopsy
device (full—sCore®, Moller Medical GmbH, Fulda,
Germany; FC-group) and in 16 patients using the 16-
gauge side-notch biopsy device (Coaxial SABD Biopsy
Device, Argon Medical Devices Inc., Athens, TX, USA;
SN-group) (Figure 2).

A total of 62 specimens were collected, 29 in the FC-
group and 33 in the SN-group. The different number of
samples can be explained by the macroscopic quality of the
If the
a representative sample or normal liver tissue, he could take

samples. interventionist believed it was not
further biopsies. All liver specimens were formalin-fixed,
paraffin-embedded and stained with haematoxylin and
eosin using routine methods. The specimens were evaluated
by an independent experienced pathologist (K.U.) unaware
of the used device. The overall diagnostic quality of the

specimen was assessed (ie if the specimen is sufficient to

YT NG FCAES
-— %

establish a diagnosis) using a subjective grading from 1
(very good) to 5 (insufficient) (Figure 3, Table 1). Samples
were evaluated as fragmented if more than one core per
specimen was present (Figure 4). Since all samples were
processed in the same way, the effect of tissue handling
post biopsy can be neglected. The length and diameter of
the specimen were measured using Nikon NIS-Element
Microscope Imaging Software version 5.02.

All liver biopsies were performed under inpatient condi-
tions, the standard procedure in our clinic, which ensures
overnight monitoring. All adverse events, ie all deviations
from the normal post-interventional course, were documented.

Power Analysis

The primary endpoint was the length of the specimen.
Currently, there are no reliable data available with respect
to the diagnostic valence of the specimen provided by full-
core devices for organs other than prostate or kidney.
Therefore, based on the previous reports for the prostate,
we assumed the specimen provided by the end-cut device
was 4.7 mm greater than in the biopsies from the side-notch
device with a standard deviation of 5.2.” With an a of 0.05

Figure 2 Images of the full-core and side-notch biopsy system. (A) The full-core biopsy system allows the removal of a complete punch cylinder. (B) The curved blade at the
end of the biopsy needle cuts the end of the punching cylinder and keeps it complete. (C) With the half-core biopsy system, the sample is sheared off in the preformed notch

and only half the sample cylinder is obtained.
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Figure 3 Example images of the various quality levels. The definition of the individual scores can be found in Table I.

and a power level of 0.9, a sample size of at least 15 patients
per group is needed to reach the primary endpoint.

Statistics

Quality of the specimen, length and diameter were compared
between the two randomized groups by using mixed linear
models. The proportion of fragmented specimen between
both groups were compared by using a generalized linear-
mixed model. Both models account for the correlations
between specimen within the same patient by adding patient
as a random factor. A p-value of <0.05 was considered
statistically significant. SAS 9.4 (SAS Institute Inc., Cary,
NC, USA) and the procedures PROC MIXED and PROC
GLIMMIX were used to perform the statistical analyses.

Results

Patient and Tumor Characteristics

After randomization, the biopsy was performed in 16
patients using the side-notch (SN) device and in 16 patients
using the full-core (FC) device. No peri-interventional com-
plications were noted. The baseline characteristics of the
two groups are shown in Table 2.

Diagnostic Value and Physical Features of

the Specimen

The diagnostic quality of the specimen, rated by the
blinded pathologist, was significantly better in FC-group
(p=0.009). The average quality of the FC-group was 1.68
compared to 2.50 in SN-group. All specimens in FC-group
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Table | Definition of the Quality Scores Used from | (Very Good)
to 5 (Insufficient)

Quality Definition

Score

| Excellent for diagnostics, high tissue amount, may not
need further methods to render the diagnosis, no

crushing artifacts.

2 Good for diagnostics, high tissue amount, may not
need further methods to render the diagnosis, few

crushing artifacts.

3 Satisfactory for diagnostics, medium tissue amount,
may need additional methods (ie
immunohistochemistry) to render the diagnosis, few

to moderate crushing artifacts.

4 Sufficient for diagnostics, low tissue amount,
additional methods to render the diagnosis are

mandatory, moderate crushing artifacts.

5 Insufficient for diagnostics.

were at least rated 3 (“satisfactory”) for diagnostic pur-
pose, whereas 5 specimens were rated only 4 (“sufficient”)
and one specimen even 5 (“insufficient”) in the SN-group.
Considering only patients with liver cirrhosis, similar
values for diagnostic quality were found compared to the
study population with 1.94 for the FC-group and 2.72 for
the SN-group (p=0.020). There was no significant differ-
ence in length of the specimen (p=0.131) whereas FC-
group showed a significantly larger diameter of the
specimen compared to SN-group (p=0.018). Finally, there
were only two fragmented specimens in FC-group versus
13 in the SN-group (p=0.021). The fragmented samples in
the FC-group were 1 HCC in cirrhotic liver and 1 metas-
tasis of colorectal cancer. The fragmented samples in the
SN-group were 7 HCC in cirrhotic liver and 6 metastases
(2 colorectal cancer, 3 breast cancer, 1 neuroendocrine
tumor). The physical features and diagnostic quality of
the specimen are summarized in Table 3.

Discussion

Percutaneous biopsy of soft tissues and bones is an essen-
tial and minimally invasive tool for obtaining tissue for
histopathological examination and other tests, and quality
of the specimen is crucial for informative value. Besides
the dominating needle-design which has been the side-
notch needle for the last three decades, a novel full-core
needle device has been recently developed. Although,
contrary to our expectations, the length of the specimen

was not greater with the full-core device, our investigation
showed significantly better results using the full-core
device in terms of the diameter of the specimen, fragmen-
tation of the specimen and overall diagnostic value.

Obviously, one of the main objectives of a good biopsy
system is to gain as much tissue as possible with the
smallest possible trauma. In this respect, full-core needles
have been shown to be superior to side-notch needles for
prostate’ and renal biopsy.® Although simple end-cutting
systems with a beveled 45° convex tip have already been
developed in the past, the fragmentation rate of these
systems was significantly higher than with side-notch sys-
tems, but yielding larger specimen volumes.’

While the end-cut needle has also been shown to be
safe for biopsy of other organs like lung or liver,® the
adequacy of the specimen using the full-core and side-
notch design for those organs has not been examined yet.
Therefore, the objective of this prospective study was to
compare the diagnostic valence of the specimen of a full-
core, end-cut device compared with a side-notch device in
a randomized and controlled manner.

The full-core device used in this comparison (Moller
Medical GmbH, Fulda, full-sCore®) is a disposable biopsy
needle which is equipped with a full-core cutting techni-
que to be used with a reusable biopsy device (Moller
Medical GmbH, Fulda, BLUE).

The full-core system operates with an end-cutting
technique at the cannula’s very front (distal) tip. This end-
cutting technique does not require a window in the cannu-
la’s wall for proper tissue cutting. Therefore, the complete
length of the cannula penetrating the lesion allows tissue
sampling.

The inner mandrin’s beveled edge facet-cut is placed
opposite to the outer cannula’s special tip cut.
Consequently, bruising of the tissue samples is avoided
which may explain the lower fragmentation rate in our
results. Another possible explanation for the considerable
difference in the fragmentation rate is the significantly
smaller diameter in SN biopsies combined with
a reduced reticulin fiber network in HCC, which leads to
higher tissue fragility.'®

Contrary to side-notch devices, where the mandrin’s
side notch fills with tissue, the full-core device offers the
complete volume of the cannula for tissue sampling result-
ing in a larger diameter of the specimen.

This study is limited by the fact that the biopsy dis-
patching physician cannot be blinded against the biopsy
system for obvious reasons and the different number of
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Figure 4 (A-D) Representative liver specimen taken by a full-core end-cut-device (HE stain); the specimen is rarely fragmented (A) and the diagnosis could be
rendered easily. (E=H) Representative liver specimen taken by a side-notch device (HE stain); the specimen are highly fragmented and the diagnosis could not always

be rendered.
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Table 2 Comparison of the Patient and Tumor Characteristics of
the Full-Core and Side-Notch Groups

FC-Group SN-Group

Number of Patients 16 16
Age:

Mean (years) 70.8 58.4

Range (years) 55-82 26-70
Sex:

Female 3/16 (19%) 3/16 (19%)

Male 13/16 (81%) 13/16 (81%)
Liver Cirrhosis:

Yes 9/16 (56%) 12/16 (75%)

No 7116 (44%) 4/16 (25%)
Liver Segments:

| 0/16 (0%) 0/16 (0%)

1l 1716 (6%) 1/16 (6%)

1] 1716 (6%) 2/16 (13%)

\% 6/16 (38%) 3/16 (19%)

\ 3/16 (19%) 4/16 (25%)

\ 2/16 (13%) 1/16 (6%)

Vil 2/16 (13%) 2/16 (13%)

Vil 1716 (6%) 3/16 (19%)
Diagnosis:

HCC 11716 (69%) 9116 (56%)

CCcC 1716 (6%) 0/16 (0%)

Metastasis 4/16 (25%) 4/16 (25%)

No tumor 0/16 (0%) 3/16 (19%)
Skin to Lesion Depth:

Mean (mm) 74 68

Range (mm) 28-138 23-124
Long Axis of Lesion:

Mean (mm) 37 31

Range (mm) 9-113 12-108

samples between the two groups as explained above.
Although a further limitation is certainly the small number
of patients, we were still able to show significant differ-
ences between the systems.

From the authors’ point of view, it is regrettable that,
especially in the case of new technical developments in the
interventional field, no solid studies are usually carried out
to evaluate the possible advantages and disadvantages. We,
therefore, believe that our study is important because of its
high quality due to the blinding of the pathologist and the
prospective randomized design. We hope that with our
study we can stimulate further, preferably multi-center,
studies to compare different biopsy systems.

Table 3 Physical Features and Diagnostic Quality of the Specimen

Specimen FC-Group SN-Group Difference p-value
(n=29) (n=33) (95%-CI)

Quality score 1.68 2.50 0.82 0.009

(1-6) (1.25, 2.11) (2.08, 2.92) (0.22, 1.42)

Length (um) 13,599 11,570 2029 0.131
(11,678, 15,520) | (9722, 13,418) | (—636, 4695)

Diameter (um) 1042 930 113 0018
(976, 1109) (866, 993) (20, 205)

Fragmented (no.) | 2/29 (7%) 13/33 (39%) - 0.021

Note: Data show estimated mean (95% confidence interval) or absolute and
relative frequencies.

Conclusion

The aim of our work was to evaluate the theoretical
advantages of full-score systems in clinical practice using
the biopsy of liver tumors as an application. We were able
to show that. In summary, we were able to show that the
full-core end-cut biopsy system provided better-evaluated
specimen with more available material compared to
a conventional side-notch system of identical size.
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