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Introduction

Abstract

Aim of the study: Texture analysis derived from computed tomography (CT) involves quantitative imaging
parameters characterizing possible valuable associations with clinical purposes. Their prognostic capability in pa-
tients undergoing percutaneous CT-guided liver biopsy to identify associations with postinterventional bleeding
complications and biopsy success is not sufficiently explored.

Material and methods: Three hundred fifteen patients (124 female, 39%) with a mean age of 62.5 £10.2 years
underwent percutaneous CT-guided liver biopsy and were analyzed regarding clinical, procedure-related, and
CT texture features.

Results: Thirty patients (9.5%) presented with bleeding after biopsy (including two requiring interventional
treatment), whereas 46 patients (14.6%) had negative biopsy successes. Distance of lesion from liver capsule
was statistically significantly different in patients with and without bleeding (p = 0.015). Several texture features
were statistically significantly different between the groups, S(0,1)SumAverg having the highest significance
(p = 0.004). Regarding unsuccessful biopsy results, liver fibrosis was the only clinical feature with statistical sig-
nificance (p = 0.049). Only two texture features (S(4,-4)InvDfMom and Teta3) were statistically different between
the groups according to the biopsy result.

Conclusions: Several CT texture features of the target lesion and the length from the capsule to the lesion were
associated with bleeding complications after CT-guided percutaneous liver biopsy. This could be used to identify
patients at risk at the beginning of the procedure.
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Cross-sectional imaging comprising computed
tomography (CT) and magnetic resonance imaging

(MRI) can detect and characterize liver lesions, but in

The liver is a common localization of the body for
focal lesions including metastases and primary tu-
mors and harbors a variety of different focal lesions
with the need of correct diagnosis [1-3]. Moreover,
the incidence of malignant liver tumors has increased
in recent years and consequently the need for diagnos-
tic work up in clinical practice is increasing [3, 4].

most cases, a definite diagnosis is needed by bioptic
specimen and histopathology evaluation [2, 5].
Image-guided biopsy with a percutaneous ap-
proach is the established method for tissue sampling
in routine clinical practice [6]. In most centers, sono-
graphy and CT guidance is employed to display the
target lesion and the biopsy needle sufficiently [7]. CT
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guidance allows for a better visualization of the needle
tip and might provide a greater overview regarding
the anatomical structures during the intervention [8].
However, this comes with a greater cost of CT guid-
ance, with an estimated 3.15 times higher cost [9].
However, the CT images could be further evaluated by
radiomics analysis to further provide prognostic infor-
mation.

The overall complication rate of liver biopsies was
reported to range from 0.4% to 1.7% with an estimated
mortality of 0.11% for this procedure [7, 10, 11]. Com-
plications of the procedure can range from severe pain,
hypotension, bleeding, and fluid collections to pneu-
mothorax [10].

A recent study identified an overall complication
rate of 1.6% of 2405 liver biopsies with sonography
guidance [10]. Of these, 21 patients (0.9%) and 17 pa-
tients (0.7%) had postinterventional hemorrhage with
hemoperitoneum and liver hematoma, respectively.
However, only underlying factors for general post-
biopsy complications were investigated in this study
and a subanalysis for postinterventional hemorrhage
was not provided [10]. To identify patients at risk for
hemorrhage after biopsy is of clinical importance.

Texture analysis could be used to provide a quan-
titative imaging analysis, which can characterize ra-
diological images beyond the basic imaging evaluation
[12-15]. Using this approach, microstructural changes
of tissues can be reflected with imaging modalities, as
shown in several oncological studies [16-18]. CT tex-
ture analysis might be directly influenced by the un-
derlying tumor structure and by this approach enables
a method to better characterize tumor lesions.

Presumably, it could also help to characterize tar-
get lesions with a risk of bleeding complications and
therefore potentially better stratify patients at risk for
complications undergoing CT-guided liver biopsy.

The purpose of the present analysis was to use
quantitative imaging features to predict postinterven-
tional bleeding complications and negative biopsy suc-
cess in patients undergoing percutaneous CT-guided
liver biopsy.

Material and methods

Patient acquisition

After approval of the Ethics Committee of the Med-
ical Faculty of the University of Leipzig, Germany (reg-
ister no. 344-2007) all patients undergoing CT-guided
liver biopsy at the University Hospital Leipzig between
the years 2012 and 2021 were analyzed in a retrospec-

tive observational study. Written informed consent was
obtained from all patients before CT-guided biopsy.

Clinical parameters

Clinical parameters of the patients were retrieved
from the medical records. Anamnestic presence of pri-
or cancer diagnosis, diabetes mellitus, arterial hyper-
tension, clinical cholestasis were extracted from the re-
cords. Steatosis and fibrosis of the liver were retrieved
from the biopsy report.

CT-guided biopsy

All biopsies investigated in this study were per-
formed by interventional-trained radiologists with at
least two years of general experience in interventional
radiology. The procedure plan (comprising the posi-
tion and the needle pathway) was calculated using
previous CT images. As puncture-related parameters
several distances were measured on axial slices: the
distance of needle entry to the liver capsule, distance
of the lesion to the liver capsule, the distance of the le-
sion to the needle entry of the liver. The needle angle of
the entry of the biopsy was measured to the horizontal
plane. The maximum size of the target lesion was mea-
sured with 2 perpendicular diameters on the largest,
representative slice. Finally, the duration of the biopsy
was defined from the planning scan to the last control
sequence after needle removal.

All interventions were performed with the same
CT scanner (16-slice CT scanner, Brilliance Big Bore,
Philips, Hamburg, Germany). Typical CT parameters
were set as: 100 kVp, 125 mAs, slice thickness 1 mm,
pitch, 0.9.

All biopsies were performed after confirmation of
absence of coagulation disorders (platelet count was
at least 50,000/mm?, activated partial thromboplas-
tin time [aPTT] < 50 seconds and prothrombin time
(Quick) > 50%). The procedure started with disinfec-
tion of the skin and local anesthesia with 10 ml of lido-
caine 1% (Xylocitin, Jenapharm, Germany). A coaxial
18-gauge biopsy system of a 2 cm throw length needle
was used (Bard Mission, Bard Medical, Covington, GA
30014, USA or Biopince, Argon Medical Devices, Ath-
ens, TX 75751, USA). During the procedure, CT im-
ages were used to validate the accurate localization of
the needle tip to reach the target lesion correctly. After
removal of the biopsy needle, CT images over the liver
were acquired to rule out post-interventional bleeding
complications. Hematoma width was measured on one
slice using the perpendicular diameter. The diagnos-
tic outcome of the biopsy was determined by the pa-
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thology report and with the need of re-biopsy during
the clinical course.

Texture analysis

Computed tomography images were further ana-
lyzed with the dedicated software MaZda (version 4.7,
available at http://www.eletel.p.lodz.pl/mazda/) [19, 20].
A region of interest (ROI) was drawn on the largest
slice of the target lesion. The ROI was drawn within
the liver lesion with 2 mm distance to the adjacent pa-
renchyma. Texture analysis measurements were blind-
ly taken for the bioptic and clinical results. For each
ROI, gray-level (u) normalization was utilized to p +3
standard deviations to reduce the influence of contrast
and brightness variation on the texture features, as
performed previously [16, 17]. Texture features of var-
ious groups were extracted for each patient including
histogram parameters, second order texture features
of different groups comprising co-occurrence matrix
run-length matrix, absolute gradient, autoregressive
model (theta 1 to 4, sigma), and wavelet transform
features. Altogether, 279 texture features were calcu-

lated in all lesions. Two representative cases of the
patient sample are shown in Figure 1 with the drawn
ROL

Statistical analysis

Collected data were primarily assessed with de-
scriptive statistics. Group differences were analyzed
with the Mann-Whitney U test and Fisher’s exact
test. Receiver operating characteristics curve (ROC)
with area under the curve (AUC) analyses were used
to investigate diagnostic accuracy for the investigated
parameters. Furthermore, a binary logistic regression
model was conducted to provide a multivariate predic-
tion model. P-values below 0.05 were considered sta-
tistically significant. All analyses were performed with
SPSS (IBM, Version 25.0; Armonk, NY, USA).

Results

The patient sample consisted of 315 patients over-
all (124 female patients, 39%) with a mean age of
62.6 +10.2 years. Thirty patients (9.5%) of the total

Fig. 1. Representative cases of the patient sample. A) 68-year-old female patient, no steatosis, no fibrosis, diagnostic biopsy with benign result, platelet count
316,000/ul, distance to liver capsule 0 mm, no hemorrhage. B) 61-year-old female patient, steatosis degree 5%, minimal fibrosis, non-diagnostic biopsy, platelet

count 81,000/yl, distance to liver capsule 13 mm, no hemorrhage
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Table 1. Clinical features in cases with and without post-biopsy hemorrhage

Table 2. Biopsy procedure features in cases with and without post-biopsy
hemorrhage

Clinical features Hemorrhage  No hemorrhage  P-value
(n=30) (n = 285) Puncture features Hemorrhage ~ No hemorrhage  P-value
n (%) or n (%) or (n=30) (n = 285)
mean +SD mean £SD mean £SD mean +SD
Gender (female) 13(433) 105368 058 orn (%) orn (%)
Age (years) 63.70 +7.97 62.58 +13.64 0.89 Distance of needle entry  16.20 £10.70 14.17 £8.18 0.39
: — - - to liver capsule (mm)
Prior cancer diagnosis 9(30) 105 (36.8) 0.46 ; ;
- Distance lesion from 9.41 £11.56 5.40 £9.27 0.015
Malignant pathology 22 (73.3) 208 (73.0) 0.96 liver capsule (mm)
Cholestasis > (16.7) 39(137) 063 Distance of lesionto 4100 £18.02 4409 +27.62 096
Steatosis 0.11 £0.17 0.14 £0.20 0.64 needle entry (mm)
Fibrosis 18 (60) 207 (72.6) 0.24 Lesion size (mm?) 123833 1398.08 0.87
Diabetes mellitus 8 (26.7) 98(344) 047 +1669.51 4229491
Arterial hypertension 18 (60) 157 (5.1) 0.64 Needle angle 62.27 £21.23 63.07 £17.69 0.93
aPTT (5 3014 5.2 70.84 +5.18 0.8] Duration of 18.93 £14.14 17.40 £11.03 0.99
= — : intervention (minutes)
Platelet count (10%/pl)  207.40 £119.89  252.21 £135.29  0.05 -
Success of biopsy 25(83.3) 244 (85.6) 0.72
Quick (%) 89.27 +17.89 86.21 +£17.32 0.23
Table 3. Overview of statistically significant texture features in comparison 10
between cases with post-biopsy hemorrhage and without hemorrhage.
The features in bold letters were added to the multivariate model for prediction
of hemorrhage 08-
Texture Hemorrhage No hemorrhage P-value
features (n =30) (n = 285)
S(1,0)SumAverg  64.38 £0.43 64.12 +0.53 0.008 0.6 1 _|—'_‘
>
S(0,1)SumAverg  64.43 +0.46 64.13 £0.54 0.004 2 Jf[
S(1,1)SumAverg  64.39 £0.52 64.10 £0.57 0.016 3 0
.4
S(1-1)SumAverg 6437 +0.47 64.10 £0.57 0.007
S(2,0)SumAverg  64.35 +0.55 64.06 +0.64 0.020
S(0,2)SumAverg  64.34 £0.63 64.09 £0.64 0.014 024 JJ
S(2-2)SumAverg  64.34 +£0.62 64.04 £0.69 0.020 ‘
S(3,0)SumAverg  64.33 +0.66 64.02 £0.74 0.047
0.0 T T T T
5(0.3)SumAverg 04.44 +0.78 64.07 £0.74 0.039 00 02 04 06 08 10
S(3,-3)Contrast ~ 197.22 £26.46 208.42 +31.46 0.044 1-Specificity
S(4,0)Contrast 195.50 +28.24 209.24 £31.77 0.018 Source of the curve
5(4 O)Correlat 0.10 +0.12 0.04 +0.14 0.029 — (linical model — Texture model Combined model — Reference line
S(40)invDflom  0.09 +0.01 0.08 +0.01 0.012 Fig. 2. ROC curves of the prediction models of hemorrhage based on clinical
S(4,0)DifVarnc 70.68 £10.39 75.80 £11.51 0.014 and texture features
S(5,0)Contrast 201.14 £22.00 212.85 +28.26 0.043
S(5,0)DifVarnc 72.12 +£8.36 76.94 £10.13 0.011

WavEnLL_s-1  17,456.03 £259.67 17,299.61 £403.94  0.014

sample had post-interventional bleeding complica-
tions, of which the majority (28 patients) were cases of
minor bleeding without the need for blood transfusion
or emergency intervention. In two cases (0.6%), severe
bleeding resulted in the necessity of emergency endo-

vascular treatment — in one case the origin of the hem-
orrhage was an intercostal artery, and in the other case,
a bleeding arterial liver vessel within the biopsy tract.
The mean width of the perihepatic hematoma was
13 mm, ranging from 4.6 mm to 92.6 mm.

Differences between patients with and without hem-
orrhage were found in platelet count and the distance
of the target lesion to the liver capsule (Tables 1 and 2).

Clinical and Experimental Hepatology 1/2024

75



Maike Niebur, Jakob Leonhardi, Anne-Kathrin Hohn, Manuel Florian Struck, Sebastian Ebel, Gordian Prasse, Timm Denecke, Hans-Jonas Meyer

Significant differences of texture features of the
punctured lesions between patients with and without
bleeding complications are shown in Table 3.

Multivariate model regarding prediction
of hemorrhage

A multivariate model was developed based on the
significant clinical features (n = 1), procedure-related
features (n = 1) and the most significant texture features
(n = 6) to predict bleeding complications. The clinical
model resulted in an AUC of 0.65 (95% CI: 0.55-0.76).
The texture-based model yielded comparably superior
predictive power with an AUC of 0.74 (95% CI: 0.65-
0.83), while the combined model resulted in an AUC
of 0.77 (95% CI: 0.69-0.86). The corresponding ROC
graphs are displayed in Figure 2.

Success of biopsy

In 269 (85.4%) cases, the biopsy procedure was
successfully performed. Differences of clinical and
puncture features of the punctured lesions between pa-
tients with and without success of biopsy are shown in
Tables 4 and 5. Three parameters were associated with
biopsy success: In patients with histological fibrosis,
there was a lower rate of biopsy success (69.9% vs.
80.43% in non-fibrotic patients, p = 0.049). Two texture
features, S(4,-4)InvDfMom and Teta3, were also statis-
tically significantly different between groups (p = 0.035
and p = 0.045, respectively).

Table 4. Clinical features in cases with and without diagnostic biopsy

Multivariate model regarding prediction
of diagnostic biopsies

A multivariate model was developed based on these
3 parameters to predict the success of the biopsies as
defined by diagnostic results. The model based on CT
texture features only yielded an AUC of 0.50 (95% CI:
0.40-0.59), which was not predictive of a diagnostic
biopsy result.

Discussion

The present analysis suggests that quantitative CT
imaging features are associated with postintervention-
al bleeding after CT-guided liver biopsy.

Furthermore, the rate of successful biopsy results
are in line with previous studies. A recent study inves-
tigating the importance of Lipiodol marking of liver
lesions had a success rate of 73.1% overall [21]. More-
over, liver cirrhosis and the entity of the lesion had
no influence on success rate, contrary to the present
results [21]. Other authors reported a success rate of
100% in 767 patients [22]. However, most published
reports range between these values [23-25].

Despite its low risk profile, several complications
have been reported [7, 10]. Among them, and most
severe, is bleeding with a potentially lethal outcome.
In a recent study of more than 300 patients, the over-
all complication rate was 4.6% [23]. Four cases of this
patient sample had severe hemorrhage needing angio-
graphic treatment (1.4% of the patient sample) [23].
In our case sample, two cases required endovascular
treatment of the severe hemorrhage, which is slightly
lower compared with the patient sample of Hoffmann
et al. [23].

Clinical features  Diagnostic biopsy No diagnostic ~ P-value
(n = 269) biopsy (n = 46)
n (%) or mean +SD  n (%) or mean +SD Table 5. Puncture features in cases with and without diagnostic biopsy

Gender (female) 101(37) 22(418) 019 Puncture features Diagnostic No diagnostic  P-value
Age (years) 62.38 +13.19 64.80 +13.02 0.32 biopsy biopsy
Prior cancer 102 (37.8) 12 (26.1) 0.12 (n = 269) (n = 46)
diagnosis Distance of needle entry 14.66 +8.77 12.83 £6.30 0.39
Cholestasis 34(12.6) 10 (21.7) 0.12 to liver capsule (mm)
Steatosis 0.13 +0.19 0.18 +0.23 0.06 Distance lesion from 5.97 +9.95 4914723 0.90

— liver capsule (mm)
Fibrosis 188 (69.9) 37 (80.43) 0.049

b i Distance of lesion to 43.87 £26.33 4570 £29.50  0.95
Diabetes mellitus 89 (47.3) 17 (37.0) 0.62 needle entry (mm)
ﬁ”e”a' . 151 (36.1) 26 (56.5) 096 Lesion size (mm?) 1404.23 17472 033

ypertension +2326.24 +£1409.41
aPTT (5 2986 £5.35 2992402 0.4 Needle angle 62671806  6396+17.66  0.61
Platelet count 247.36 13381 251.11 £139.00 0.74 Duration of intervention ~ 17.89 +11.49 15.30+£10.58  0.11
Quick (%) 86.89 £17.40 84.26 £17.22 0.96 (min)
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The overall identified rate of 9.5% of postinterven-
tional hemorrhage in the present cohort is relatively
high, when compared to others studies. In a study on
129 biopsies of hepatocellular carcinomas, two patients
(1.6% of cases) showed post-biopsy bleeding [26].
A large older study utilizing 9212 sonography-guided
liver biopsies reported 11 fatal (0.11% and 22 nonfa-
tal hemorrhages (0.24%) [11]. Another representative
study of 68,276 biopsies from 1973 to 1983 reported
fatal outcomes in 9 of 100,000 cases due to hemor-
rhage [6]. However, Midia et al. reported bleeding of
any kind in up to 10.9% of cases after liver biopsies,
which is comparable with the present data [8]. A very
low complication rate was reported by a recent Italian
study investigating 800 ultrasonography-guided biop-
sies with a moderate hemorrhagic complication rate of
only 0.75% [27].

The definition of relevant postinterventional bleed-
ing may be different depending on the study crite-
ria. We included every postinterventional hyperdense
fluid surrounding the liver, regardless of clinical pre-
sentation. This might explain our higher frequency of
bleeding compared with studies utilizing ultrasonogra-
phy for the evaluation of clinical symptomatic patients.

In the literature, various associations have been
identified with post-biopsy bleeding.

Age over 50 years was a factor found to be associ-
ated with a higher rate of bleeding in the study by van
der Poorten et al. [28]. We did not identify differences
regarding age in our patient sample.

Another factor was abnormal platelet count and
INR, which was reported by Myers et al. [29]. In the
present analysis, the difference in platelet count be-
tween the patient groups almost reached statistical
significance.

Lesion-dependent factors have also been evaluated
in the literature [30-32]. There were no reported differ-
ences between biopsies of the parenchyma compared
to focal lesions [30-32]. In the present study, only focal
targeted biopsies were investigated.

There are sparse data regarding the angle of the bi-
opsy needle or length inside the liver parenchyma dur-
ing the biopsy. The length from the liver capsular to
the lesion is a significant factor for post-biopsy hem-
orrhage and should be considered as a potential risk
factor.

Moreover, the present results can provide the po-
tential benefit of texture analysis of the target lesion
to identify patients at risk. Several texture features de-
rived from the co-occurrence matrix run-length matrix
group were different between patients with and without
post-interventional hemorrhage. These features reflect
the heterogeneities of the grey levels of the target lesion

in a spatial manner [15]. Presumably, by using this ap-
proach it is possible to better characterize tumors with
a higher potential for bleeding complications.

It is well established that CT texture features might
reflect the microstructure of tumors, as defined by cel-
lularity and cell sizes [16]. The rationale is that the grey-
level scales of the CT images are directly influenced by
the histopathologic underlying microstructure of the
tumors and this approach enables non-invasive tissue
characterization by imaging. In other studies, CT tex-
ture analysis was associated with grading and prolif-
erative potential of the tumor indicating its capability
to also reflect tumor aggressiveness [14, 17].

However, the identified diagnostic accuracy is still
relatively low, which might hinder the translation into
clinical practice. As discussed above, lesion type and
underlying histopathology might only have a small
impact on the bleeding risk of the patient [30-32].
Another important aspect is that MRI might be able
to characterize small lesions even in cirrhotic patients
and might reduce the need for invasive liver biopsy
[33]. This can also be assessed by contrast-enhanced
ultrasound, which is able to characterize even small
hepatocellular carcinomas, when the typical contrast
media enhancement is present [34].

Further studies should assess which unclear liver
lesions profit the most from CT texture analysis prior
to liver biopsy depending on their characteristics in
MRI and ultrasonography.

Moreover, CT texture analysis was not able to re-
flect diagnostic success of the biopsy. However, the
investigated clinical parameters and procedure-related
parameters were also not associated with the biopsy
outcome. Only the presence of fibrosis was statistically
significantly associated, which might be related to dif-
ficult targeting of the lesion in fibrotic livers.

The present analysis has some limitations. First,
it is a retrospective study with known inherent bias.
Second, although in all cases an 18G needle was used
for the biopsy, the needle length varied slightly due to
the localization of the target lesion. Third, all patients
with post-biopsy bleeding were included in the present
analysis, independently of clinical presentation. There
might be other associations of the investigated param-
eters in clinically more severely deteriorated patients.
Yet, due to the retrospective study design, it was not
possible to obtain enough clinical information to per-
form a subanalysis for these patients. This also includ-
ed the diagnosis of liver cirrhosis of the investigated
patients. Due to the obtained clinical information, we
could only adjust for liver fibrosis within the biopsy
specimen but we could not adjust for the effect of liver
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cirrhosis, which could have an influence on the bleed-
ing risk and on the investigated CT texture features.

In conclusion, several CT texture features of the
target lesion and the length from the capsule to the le-
sion were associated with bleeding complications after
CT-guided percutaneous liver biopsy. These features
could be used to identify patients at risk at the begin-
ning of the procedure.
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