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a  b  s  t  r  a  c  t

Introduction  and  Objectives:  Conventional  transarterial  chemoembolization  (cTACE)  has  several  limita-
tions  due  to the lack  of  standardization.  The  aim  of  this  study  was  to evaluate  the  chemical  and  physical
characteristics  and  behaviors  over time  of emulsions  for cTACE  and  to  assess  intra-  and  inter-operator
variabilities  in  the  preparation  processes.
Materials  and  Methods:  This  in  vitro  study  involved  evaluation  of emulsions  for  cTACE  prepared  using  two
methods:  water-in-oil  (WiO)  and  chemotherapeutic-in-oil  (CiO).  Three  emulsions  were  prepared  with
each method  and  obtained  after 20,  50, and  100  pumping  exchanges.  A drop  from  each  final  mixture  was
analyzed  via  light  microscopy  (time  1) and  after  5, 10,  15, and  20 min  since  the  end  of  preparation.  After
20  min,  all  preparations  were  re-mixed  and  new  drops  were  re-evaluated.  The  intra-  and  inter-operator
variabilities  were  analyzed.
Results:  The  mean  droplet  diameter  decreased  non-significantly  when  the number  of pumping  exchanges

increased  and  increased  significantly  over time  for both  WiO  and  CiO.  The  droplets  returned  to  their
initial  diameters  after  re-mixing.  There  were  no  significant  differences  in the  intra-  and  inter-operator
variabilities  (P > 0.01).
Conclusions:  Any  interventional  radiologist,  regardless  of  their  experience,  may  prepare  these  emulsions.
These  data  may  represent  a set  of  instructions  to  standardize  cTACE.

© 2020  Fundación  Clı́nica  Médica  Sur, A.C. Published  by  Elsevier  España,  S.L.U.  This  is  an  open  access
he  CC
article  under  t

. Introduction

The incidence of hepatocellular carcinoma (HCC) has been
ncreasing over the last decade, and HCC is now the fifth most com-

on cancer and one of the most common causes of cancer-related
eaths worldwide, with a low 5-year survival rate (10%–15%) [1–5].
urative treatments for HCC can be applied only in very early/early
Please cite this article in press as: Renzulli M,  et al. Standardization of
Ann Hepatol (2020), https://doi.org/10.1016/j.aohep.2020.10.006

tages of liver disease accounting for <20% cases at presentation
6,7]. Unfortunately, many patients with HCC are diagnosed at
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ttps://doi.org/10.1016/j.aohep.2020.10.006
665-2681/© 2020 Fundación Clı́nica Médica Sur, A.C. Published by Elsevier España
reativecommons.org/licenses/by-nc-nd/4.0/).
 BY-NC-ND  license  (http://creativecommons.org/licenses/by-nc-nd/4.0/).

intermediate stage [5,7,8] in which trans-arterial chemoemboliza-
tion (TACE) is usually indicated [6,9,10].

Currently, various chemoembolization regimens are available
and applied worldwide. The two principal TACE techniques are con-
ventional TACE (cTACE) and drug-eluting bead TACE (DEB-TACE).
In cTACE, a drug carried by lipiodol is administered as an arterial
injection, followed by arterial embolization [11]. This technique has
several limitations because of the lack of standardization at every
step [12], starting from the choice of the drug (none is significantly
more effective than the others) until the embolization endpoint
[13]. This lack of standardization introduces many biases that limit
comparisons of previously published series of patients treated with
 conventional chemoembolization for hepatocellular carcinoma.

cTACE. Furthermore, patients with intermediate-stage HCC rep-
resented a markedly heterogenous population; in fact, a panel of
experts proposed a sub-classification of this category in order to
facilitate its clinical management [14]. Therefore, it is important

, S.L.U. This is an open access article under the CC BY-NC-ND license (http://
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o not introduce another bias related to TACE procedure. Finally, a
ommon and widely approved standard for chemoembolization is
dvocated.

The second chemoembolization modality, DEB-TACE, was intro-
uced in interventional radiological practice to address the issue
f standardization [15]. DEB-TACE is characterized by arterial

njection of the drug directly loaded on embolization particles
microspheres) that function as drug carriers [16]. Standardization
f this technique combining the cytotoxic and ischemic effects is
nsured by calibrating the microspheres to load the same amount
f drug. Moreover, these microspheres are commercially available

n various diameters [17,18]. Small microspheres can run distally in
he vessels, allowing the release of chemotherapeutic agents very
lose into the tumor. In fact, DEB-TACE appears to be more effective
n terms of greater tumor response and less toxic effects when using
mall microspheres than when using large ones [17]. Nonetheless,
he superiority of DEB-TACE over cTACE has never been confirmed
19]. In particular, DEB-TACE and cTACE were equally effective
nd safe, with the only advantage of DEB-TACE being less post-
rocedural abdominal pain [19]. Moreover, DEB-TACE has higher

mmediate costs than cTACE [20]. Therefore, many interventional
adiology centers worldwide continue to use cTACE [21,22].

In general, preparation of the cTACE mixture involves two main
ossible modalities: (i) the water-in-oil (WiO) technique, in which
he final emulsion contains a chemotherapeutic agent diluted with
n aqueous solution (or contrast media) and subsequently mixed
ith lipiodol, and (ii) the chemotherapeutic-in-oil (CiO) technique,

n which the final emulsion contains the drug mixed directly in
ipiodol [23,24]. Although several studies have reported detailed
reparations of these emulsions [23,24], many questions remain
nanswered. The first question is what happens when the num-
er of mixes is changed? The second question is what happens
o the emulsions over time? Finally, the third question is what
re the intra- and inter-operator variabilities in the preparation of
mulsions using different methods?

In this context, the aims of this study were to evaluate in vitro
hemical and physical characteristics and behaviors over time of
mulsions for cTACE prepared using two different methods and to
ssess the intra- and inter-operator variabilities in the preparation
rocesses.

. Materials and methods

This study did not involve human or animal subjects or
atients and, therefore, Institutional Review Board approval was
ot required.

.1. cTACE emulsions

The in vitro study evaluated two different cTACE emulsions:
iO  and CiO. All emulsions were prepared under a suction hood

o avoid aerial toxicity of chemotherapeutic agents. The emulsions
ere prepared by two different operators, one (XX) with over 15

ears of experience in interventional radiology and another (XX)
ith 5 years of experience in the same radiological field.

.1.1. WiO  preparation
The WiO  preparation started with dilution of the chemother-

peutic agent with water. A non-ionic contrast agent was used
nstead of water for preparing an aqueous solution of epiru-
icin because it increases the density of the drug solution, which

mproves the stability of the final drug/lipiodol emulsion by lower-
Please cite this article in press as: Renzulli M,  et al. Standardization o
Ann Hepatol (2020), https://doi.org/10.1016/j.aohep.2020.10.006

ng gravity-induced sedimentation [25]. To improve WiO  emulsion,
he volume of drug aqueous solution was kept lower than that of
ipiodol: the ideal ratio is one volume of drug to two  volumes of
ipiodol [26]. For this, 5 mL  of Iomeron 350® iodine contrast agent
 PRESS
tology xxx (2020) xxx–xxx

(Bracco, Milan, Italy) and 10 mL  of standard iodized oil (Lipiodol®;
Guerbet, Milan, Italy) were aspirated using a 10-ml Luer lock
syringe and added to a vial with epirubicin powder (50 mg; Far-
morubicin; Pfizer, Latina, Italy); the mixture was shaken manually.
Subsequently, when the epirubicin powder had dissolved in the
contrast agent to form a homogenous solution, it was aspirated
using a 20-ml Luer lock syringe. A three-way stopcock was  used
to mix  the solution with 10 mL  lipiodol already aspirated with an
additional 20-ml Luer lock syringe. The contents of the syringe
loaded with the drug were first pushed toward the syringe con-
taining lipiodol to form the WiO  emulsion with drops of the drug
within lipiodol [27]. The chemotherapeutic aqueous solution and
lipiodol were vigorously mixed using a three-way stopcock to gen-
erate sufficient energy to reduce droplet size [26].

2.1.2. CiO preparation
The CiO emulsion was  obtained by directly mixing the

chemotherapeutic agent with lipiodol. Specifically, 10 mL  lipi-
odol was  aspirated using a 10-ml Luer lock syringe and directly
introduced in a vial of epirubicin powder (50 mg); the mixture
was manually shaken. Subsequently, when epirubicin powder was
mixed with lipiodol, the vial contents were aspirated using a 20-
ml Luer lock syringe and mixed using a three-way stopcock and
another 20-ml Luer lock syringe.

2.2. Droplet assessments

The most important investigation regarding WiO  preparation
has found that the smaller the particles, the better their ability to
reach the smaller tumoral neovessels [18]. Based on this finding,
at least 20 pumping exchanges through the stopcock are required
to obtain an internal phase droplet size in the range of 70–100 �m
[24].

In normal pathophysiology, HCC vascularity results in micro-
scopic arteriovenous shunting that bypasses the tumor capillaries
and flows directly to the lung. Therefore, small particles can bypass
the vascular microcirculation of the tumor and liver, causing non-
target chemoembolization, which is the known risk of pulmonary
and non-target chemoembolization. However, droplets or micro-
spheres with a caliber of ≥50–70 �m cannot pass through any
shunts because of their higher caliber, preventing the risk of pul-
monary and non-target chemoembolization [28]. An internal phase
droplet size in the range of 70–100 �m is obtained with at least
20 pumping exchanges through the stopcock [24]. To the best of
authors’ knowledge, there have been no quantitative investigations
into the eventual internal phase droplet size after more than 20 vig-
orous pumping exchanges through the stopcock. Therefore, in this
study, three emulsions with each technique, WiO  and CiO, were
prepared with 20, 50, and 100 vigorous pumping exchanges at a
standard speed of 1 push/s using a three-way stopcock and two
20-ml Luer lock syringes. Furthermore, changes in different mix-
tures over time after preparation were determined. The procedure
to track any changes was as follows. First, a drop was obtained from
each of the six mixtures after preparation, was placed on a trans-
parent slide, and immediately analyzed via light microscopy (time
1). A new drop from each preparation was  obtained at 5 (time 2),
10 (time 3), 15 (time 4), and 20 (time 5) minutes after preparation
without mixing again and analyzed via light microscopy. Finally,
after 20 min, all preparations were re-mixed and a new drop was
again evaluated via light microscopy (time of re-mix, TR).

The light microscope was  connected to a digital camera, and
f conventional chemoembolization for hepatocellular carcinoma.

preparations from each passage were photographed. The measure-
ments were made using tools of ImageJ (National Institutes of
Health, Bethesda, Maryland, USA). The preparations were qualita-
tively evaluated via light microscopy for droplet margins. For each

https://doi.org/10.1016/j.aohep.2020.10.006
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reparation, mean droplet diameter (± standard deviation [SD])
nd droplet diameter range were evaluated.

The same operator prepared two emulsions after 20, two after
0 and two after 100 pumping exchanges at different times (time

 and time 1 bis)  to calculate the intra-operator variability in
ean droplet diameter for both WiO  and CiO. Thereafter, the inter-

perator variability in mean droplet diameter was  calculated under
he same conditions.

.3. Statistical analysis

The data collected during the study were summarized by groups
nd compared using descriptive statistical methods. Continuous
ariables were reported as mean and SD, while categorical variables
s number and percentage. The normal distribution of droplets
iameter among 10 evaluations performed by each operator at
ach time was checked with Shapiro-Wilk test. Variables with

 normal distribution were compared using the t-test whereas
ariables without normal distribution were analyzed by the U-
ann-Whitney test or Kruskal Wallis test. Comparisons were made

mong two sets of pushing exchanges by the same operator (XX), at
ach number of pushing exchanges category (20, 50 or 100 pushing
xchanges), among operators (XX vs XX) and at each time of droplet
rom preparation (times 1, 2, 3, 4, 5). The limit of statistical signifi-
ance was set at P < 0.05. Statistical analyses were performed using
tata/SE (Version 14.2; Stata Corp, Texas, United States of America)
or Windows.

. Results

.1. WiO  preparation

The droplet margins of all WiO  preparations appeared homoge-
ously round regardless of their size. The mean droplet diameters
± SD) and the droplet diameter ranges of each WiO  preparation
after 20, 50, and 100 pumping exchanges) at the different times
1, 2, 3, 4, 5, and TR) are presented in Table 1. The mean droplet
iameter increased significantly over time (time 1 until 5) because
he droplets tended to aggregate. The largest dimensional increase
n droplet diameter occurred as early as 5 min  after preparation
110 �m at time 1 vs. 1685 �m at time 2; P < 0.001) (Table 2) (Fig. 1).
onversely, mean droplet diameter did not increase significantly

rom time 2 until 5 (P > 0.05). Upon re-mixing the preparations
fter 20 min, droplet diameter returned to a value comparable to
hat at time 1. The mean droplet diameter decreased with increase
n the number of pumping exchanges, although not significantly
P = 0.436) (Table 3). There were no significant differences in intra-
perator (Table 3) and in inter-operator variabilities (Table 4).

.2. CiO preparation

The droplet margins of all CiO preparations appeared homoge-
ously round regardless of their size. The mean droplet diameters
± SD) and the droplet diameter ranges for each CiO preparation
after 20, 50, and 100 pumping exchanges) at the different times (1,
, 3, 4, 5, and TR) are presented in Table 1. The mean droplet diam-
ter increased significantly over time (time 1 until 5). The most
ignificant aggregation occurred as early as 5 min  after prepara-
ion (120 �m at time 1 vs. 1757 �m at time 2; P < 0.001) (Table 2).
onversely, mean droplet diameter did not increase significantly
Please cite this article in press as: Renzulli M,  et al. Standardization of conventional chemoembolization for hepatocellular carcinoma.
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rom time 2 until 5 (P > 0.05). Upon re-mixing of preparations after
0 min, droplet diameter returned to a value comparable to that
t time 1. The mean droplet diameter decreased with increase
n the number of pumping exchanges, although not significantly Ta
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Table 3
Characteristics of droplets in water-in-oil and chemotherapeutic-in-oil emulsions
after different pumping exchanges at T1 after two different preparations performed
by  the same Operator (XX).

Number of pushing
exchanges

Operator 1 T1
mean (SD)

Operator 1 T1 bis
mean (SD)

P

WiO
20 110 (33.9) 107 (35.4) 0.910
50  108 (35.3) 106 (37.3) 0.970
100  94 (35.9) 94 (35.9) 1
P  (kruswal wallis test) 0.436 0.423
CiO
20  120 (29.7) 116 (35) 0.850
50  115 (31.7) 115 (30.5) 0.940
100  102 (33) 108 (28.8) 0.710
P  (kruswal wallis test) 0.178 0.468

WiO: water-in-oil emulsion; CiO: chemotherapeutic-in-oil emulsion; SD: standard
deviation; T1: time 1, immediately after preparation.

Table 4
Characteristics of droplets in water-in-oil and chemotherapeutic-in-oil emulsions
after different pumping exchanges, immediately after preparation by each operator.

Number of pushing
exchanges

Operator 1 T1
mean (SD)

Operator 2 T1
mean (SD)

P

WiO
20 110 (33.9) 113 (33.5) 0.791
50  108 (35.3) 109 (34.4) 0.910
100  94 (35.9) 99 (32.1) 0.596
CiO
20  120 (29.7) 117 (31.1) 0.821
50  115 (31.7) 112.2 (36.1) 1
100  102 (33) 100 (35.2) 0.734
WiO: water-in-oil emulsion; CiO: chemotherapeutic-in-oil emulsion; SD: standard
deviation; T1: time 1, immediately after preparation.

(P = 0.178) (Table 3). There were no significant differences in intra-
operator (Table 3) and in inter-operator variabilities (Table 4).

4. Discussion

Since the first suggestions regarding the preparation of cTACE
emulsions, which dates back to the early 1980–90 s, it has been
accepted that 20 pumping exchanges of the lipiodol and drug
mixture produce large droplets (diameter range, 30–160 �m).
However, to the best of authors’ knowledge, no study has inves-
tigated changes in droplet parameters with increasing number of
mixes. The present study demonstrated that there were no signifi-
cant changes in mean diameter of droplets produced by 20, 50, or
100 pumping exchanges. Interestingly, the droplet mean diameter
and the diameter range of droplets produced with these three dif-
ferent number of pumping exchanges remained unaltered for both
WiO  and CiO preparations. The diameter range of droplets are com-
parable to that reported by de Baere et al. [24]. Moreover, our results
of mean droplet diameter and standard deviations, which were not
previously reported in literature, suggest that the obtained droplet
diameter is not too small to facilitate extrahepatic chemoemboliza-
tion via the possible presence of extrahepatic shunts. Conversely,
through quantitative analysis, this study demonstrated for the first
time that 20 pumping exchanges of lipiodol and drug are sufficient
to produce small drops that can reach tumors distally; therefore,
these data are crucial for cTACE standardization. Moreover, these
results have other implications. First, the data demonstrate that it is
not possible to manually produce very small droplets. It is necessary
to use blenders for obtaining very small droplets (10–40 �m),  such
f conventional chemoembolization for hepatocellular carcinoma.

as that in another study [24]. Second, the droplet size range in this
study was wide, consistent with that in other studies [23,24], and
did not vary with increase in the number of pumping exchanges. To
homogenize the droplet size, it is necessary to use modified stop-

https://doi.org/10.1016/j.aohep.2020.10.006
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ig. 1. Light microscopic findings of the water-in-oil emulsion showing small dropl
time  2) (B).

ocks with porous filters that produce particles with even more
omogenous diameters, specifically 50 and 100 �m,  which cannot
asily be done manually [29].

The study demonstrated that there were no significant differ-
nces in intra- and inter-operator variabilities in droplet diameters
f WiO  and CiO emulsions. These results, which have not been
reviously demonstrated, are very important for use in a poten-
ial standardization protocol. In fact, these data show that the
reparation process does not depend on the time of preparation
intra-operator variability) and degree of expertise of the operator
inter-operator variability).

Conventionally, it is believed that the mixture of lipiodol and
rug must be prepared at the time of administration and promptly
sed after preparation [24]. Additionally, it has previously been
roposed that mixtures should be re-homogenized, if necessary,
uring the same treatment session [26]. Neither of these two
ecommendations was based on quantitative analyss. Our data
emonstrate for the first time that over time, the droplets in WiO
nd CiO emulsions tend to aggregate equally, ultimately increas-
ng the droplet diameter. Interestingly, the maximum increase in
roplet diameter was achieved as early as 5 min  after prepara-
ion regardless of the number of pumping exchanges. Specifically,
roplet diameter increased by more than 10 times after 5 min
>1500 �m)  and then more slowly up to 20 min  independent of
he number of pumping exchanges and type of preparation (WiO
r CiO). These aggregated droplets appear to be too large to be
ffective because they can occlude vessels proximally. Moreover,
pon re-mixing the emulsions after just 20 min, the droplet diam-
ter returned to the initial values, which allowed them to be used
ffectively again. These data should be considered in any poten-
ial standardization of the emulsion process in clinical practice. In
act, in recent years, superselective catheterization has been shown
o be associated with favorable outcomes of patients treated for
CC [30]. However, superselective catheterization needs time, and

hese data demonstrated that it is necessary to mix  the emulsion
mmediately before the next injection, with no time limits.

In the near future, the use of different surveillance programs for
atients with a high risk of developing HCC and a wide diffusion of
agnetic resonance imaging performed using hepatospecific con-

rast media will probably allow HCC diagnosis in many patients
nd identification of some aggressive features [31–33]. Further-
ore, advances in imaging techniques have enabled identification

f aspects such as microvascular invasion [34]. Finally, cTACE rep-
esents one of the most used treatments for patients with HCC and

ay  be the most effective therapeutic option for recurrent HCC in
atients with microvascular invasion [10,35]. Therefore, it would
Please cite this article in press as: Renzulli M,  et al. Standardization of
Ann Hepatol (2020), https://doi.org/10.1016/j.aohep.2020.10.006

e very useful to standardize the technique. Moreover, it is well
nown that the treatment choice is an independent prognostic fac-
or in BCLC-B patients and curative options (that actually do not
epresent the standard of care for BCLC-B patients) offer a better
er 20 pumping exchanges at time 1 (A) and larger droplets 5 min  after preparation

patients’ outcome. Therefore, TACE (retained the standard of care
for BCLC-B patients) could probably be replaced by other curative
therapies, especially in patients with poor liver function [36]. Prob-
ably, this process is also due to the absence of a standardization
of cTACE procedure. Results of the present study can be used to
develop a protocol for cTACE standardization.

The standardization of TACE procedure allows to achieve
another important advantage. It is well known that the doses
delivered in the interventional radiological procedures are much
higher than those in diagnostic imaging: therefore, efforts for dose
optimization nowadays should be made mainly for interventional
radiological procedures [37]. The standardization of TACE proce-
dure allows to go through this direction. In fact, the emulsion if
not re-mixed every five minutes could produce an increase of the
angiographic time for example due to a blockage of microcatheters
since the droplets tend to agglomerate.

An important limitation of this study is that only one chemother-
apeutic agent, epirubicin, was  tested in this analysis. However,
epirubicin is the most commonly used agent in cTACE worldwide
[38]; thus, these results can be used to standardize cTACE using this
drug at the least.

5. Conclusion

This study demonstrated that 20 pumping exchanges are
sufficient to prepare WiO  or CiO emulsions for cTACE. Re-mixing
of the emulsion is needed every 5 min  to avoid aggregation into
larger droplets in cases of highly lengthy infusions (i.e., large
tumors) or multiple superselective catheterizations. Any interven-
tional radiologist may  prepare these emulsions regardless of their
experience. These study results may  represent a set of instruc-
tions for cTACE standardization.AbbreviationsHCChepatocellular
carcinomaTACEtrans-arterial chemoembolizationcTACEconven-
tional trans-arterial chemoembolizationDEB-TACEdrug-eluting
bead trans-arterial chemoembolizationWiOwater-in-
oilCiOchemotherapeutic-in-oilSDstandard deviationTRtime of
re-mix

Abbreviations
HCC hepatocellular carcinoma
TACE trans-arterial chemoembolization
cTACE conventional trans-arterial chemoembolization
DEB-TACE drug-eluting bead trans-arterial chemoembolization
 conventional chemoembolization for hepatocellular carcinoma.

WiO  water-in-oil
CiO chemotherapeutic-in-oil
SD standard deviation
TR time of re-mix

https://doi.org/10.1016/j.aohep.2020.10.006
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