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Targeted delivery of drug-loaded implants for regional drug therapy has become an important approach to therapy.
Simple and reproducible imaging methodologies to evaluate the implant noninvasively are needed. The goal of this
work was to noninvasively evaluate the visibility, shape and degradation of a biodegradable implant containing
Lipiodol (an X-ray contrast medium) by computed tomography (CT). For in vitro evaluation, Lipiodol was
incorporated in poly(sebacic-co-ricinoleic acid) [P(SA:RA)], a biodegradable injectable pasty polymer, and CT
visibility was assessed. For ex vivo evaluation, bovine liver was injected with the polymer-loaded Lipiodol; for
in vivo evaluation rats were injected subcutaneously with Lipiodol in polymer and CT was performed. We show that
polymer diameter at CT correlates with implant weight and pathological measurements. Polymer formulation
containing 5% Lipiodol was visible on CT in vitro. Ex vivo tests showed a round polymer deposit at the injection site
compared with free dispersion of Lipiodol alone. Correlation between implant size at CT scan and surgery at 48 h
was R2 = 0.78. Average CT diameter at 9 days was 14.2 ± 2.8mm in rats injected with Lipiodol in the polymer formu-
lation, as compared with 7.3 ± 1.1mm in controls. After 9 days, the implant degraded into several zones containing
inflammatory cells seen on CT as areas with increased heterogeneity. In conclusion, Lipiodol incorporated in P(SA:RA)
is visible on CT, and polymer degradation can potentially be monitored noninvasively. This method can be widely
applied to follow changes in biodegradable implants. Copyright © 2014 John Wiley & Sons, Ltd.
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1. INTRODUCTION

Novel imaging techniques offer potential benefits for physicians,
design engineers and patients seeking to better understand
implantation device procedures (1). For example, according to
the American Society of Plastic Surgeons, a total of 243,777
rhinoplasty surgeries, 46,931 forehead lift surgeries, 20,680 chin
augmentation surgeries and 11,996 cheek implant surgeries
were performed in the USA in 2011 (2). This data relates only
to facial implants and grafts. Clinicians have also realized the
importance of radiographic assessment to guide implant surgery
in other sites (3). Similarly, noninvasive imaging of drug delivery
implants is of interest as a potential follow-up tool after the
carrier and the incorporated drug are injected into the target
tissue. However, uncertainty in extrapolating in vitro results to
in vivo systems is a significant issue in the development of these
systems. Monitoring the principal characteristics (e.g. release
kinetics, degradation) of a drug delivery system under in vivo
physiological conditions is also important for the rational design
and development of a device to achieve safe and sufficient local
therapy in a specific tissue environment (4,5).

Implantable biodegradable polymers have been used as
temporary devices such as bone fixation plates, nails and wires,
absorbable sutures and extended release drug carriers. Implant-
able drug delivery systems combined with biodegradable
polymers have attracted a great deal of attention, especially after
the approval of Gliadel® to treat brain cancer (6,7). Biodegradable

polyanhydrides and polyesters have proven to be useful materials
for preparing implantable controlled drug delivery devices. These
implants can be injected into specific anatomical sites, providing
high local drug concentrations, but low systemic levels, while min-
imizing adverse effects (8–10). Poly(sebacic acid-co-ricinoleic acid),
P(SA:RA), is a poly(ester-anhydride) (Scheme 1) which gels upon
contact with aqueous media (11) and hydrolyzes to dicarboxylic
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acids and hydroxy acid monomers (12,13). Recent animal studies
have shown effective controlled localized delivery for paclitaxel
and cisplatin from P(SA:RA) implants (8).
Lipiodol is used as a radio-opaque X-ray contrast medium that

can be visualized with computed tomography (CT) (14), as well
as a carrier for agents used in chemo-embolization (15). The abil-
ity to monitor a biodegradable implant will allow assessment of
the precise location and temporal changes in treated areas in or-
der to maximize patient’s benefit, especially when the polymer is
injected in regions containing nerves, blood vessels or other
sensitive tissues. Furthermore, a biodegradable polymer that is
depicted on routine imaging studies can be used for diagnostics
such as targeting of nanoparticles with surface ligands that bind
to specific tissues such as cancerous tissue with or without drug
loading. In the present work the authors hypothesized that
Lipiodol, when incorporated into a pasty polymer, would be vis-
ible on CT and could be used to determine the location of the
implant in tissue, the shape of the polymer implant and the
change upon polymer degradation. Thus, the objective of this
work is to describe a noninvasive method to evaluate the size
of a polymer–Lipiodol implant injected subcutaneously and to
assess temporal changes at the injection site.

2. EXPERIMENTAL

2.1. Formulation of Lipiodol in Polymer

Poly(sebacic-co-ricinoleic ester anhydride), P(SA:RA)30:70, was
synthesized by transesterification followed by anhydride melt
condensation as previously described (11). A pasty injectable
polymer with an average molecular weight (Mw) of 5400Da and
a melting temperature of about 30 °C was used in this study.
Lipiodol with 38% iodine by weight was purchased from Laborato-
ries Guerbet (Aulnay-sous-Bois, France); Iopamidol, a hydrophilic
contrast agent (300 mgI/ml) from Bracco Ltd (Milano, Italy), was
used in the control arm (1ml injection).
Lipiodol was incorporated into P(SA:RA) by mixing Lipiodol oil

and polymer with a mortar and pestle at room temperature
without any solvent until a homogeneous paste was obtained.
This technique allowed incorporation of sensitive drugs such as
peptides and proteins in formulation without deterioration. The
polymer and the formulations remained unchanged with regard
to polymer molecular weight and content of marker when stored
under dry nitrogen at refrigeration (4 °C) for at least 3months.

2.2. CT Technique and Evaluation

Studies were performed on a 64-slice MDCT (Philips Medical
Systems, Cleveland, OH, USA). Study parameters were 120 kVp,
240mA s, and slice thickness 1.2mm with 0.6mm increment.
Abdominal and bone windows (used for viewing bone structure
and joints in CT scanning) were used for visualization. An

experienced radiologist with 10 years of experience performed
measurements using electronic calipers and a dedicated work-
station (EBW 4.0, Philips Medical Systems, Cleveland, OH, USA).

2.3. In Vitro Analysis

CT scanswere performed to evaluate blank P(SA:RA) formulations, as
well as blended polymer–Lipiodol in concentrations of 5, 10 and
25% (w/w) and pure Lipiodol (n=3). Formulations were kept in glass
bottles and tested for homogeneity. Estimates of densitywere based
on CT analysis. Results are an average of three measurements.
Animal Ethics Committee approval was obtained prior to the study.

2.4. Ex Vivo Analysis

Since a 10% Lipiodol formulation had high Hounsfield unit (HU)
densities in in vitro experiments, concentrations of not more
than 5% were used in this experiment. Lipiodol at concentrations
of 0.1%, 0.5%, 1 and 5% (w/w) were incorporated in P(SA:RA)
30:70 by trituration. Formulations and control injections of
Lipiodol, blank polymer and saline were injected via a 19 gauge
needle into ex vivo bovine liver with the injected materials as
shown in Table 2. CT scan was performed immediately after
injection. The diameter of the mixture deposited was calculated
as the average of length and width measured in the CT scan.
Results are averages of three measurements.

2.5. In Vivo Analysis

Lipiodol 5% in P(SA:RA) was used, since Lipiodol concentrations
≤1% are not visible with CT in the ex vivo experiment. Inbred
female F344/NHsd rats, 18–21weeks, weighing about 200g
(Harlan Sprague–Dawley, Indianapolis, IN, USA) were kept under
specific pathogen-free conditions and given free access to
irradiated food and acidified water throughout the experiment.

Test group rats (n= 7) were anesthetized by chloral hydrate
(0.64ml per 100 g body weight) and injected subcutaneously
to the back with 0.5ml of formulation containing 5% Lipiodol
(w/w) in P(SA:RA) (total of 0.025 g Lipiodol). Control rats (n=4)

Scheme 1. Structure of poly(SA-RA), 3:7.

Table 1. In vitro density measurements of poly(sebacic-
co-ricinoleic acid) [P(SA:RA)] and Lipiodol separately and
in combination

Sample no. Sample Density in Hounsfield
units (SD)

1 P(SA:RA) �156 (30)
2 10% Lipiodol in P(SA:RA) 1866 (150)
3 25% Lipiodol in P(SA:RA) 2411 (260)
4 100% Lipiodol 3000 (1200)

COMPUTED TOMOGRAPHY FOR IMPLANT VISUALIZATION

Contrast Media Mol. Imaging 2014, 9 246–251 Copyright © 2014 John Wiley & Sons, Ltd. wileyonlinelibrary.com/journal/cmmi

247



were anesthetized with chloral hydrate and injected subcutane-
ously to the backspace with 0.2ml saline as a sham injection, and
Lipiodol without polymer (0.1ml, a four-fold Lipiodol dose com-
pared with the polymer formulation) was injected subcutaneously
into a different site. A blank polymer was not injected, since it is not
visible in CT in the ex vivo experiment. CT scans were performed
immediately after the injections and at predefined time points.
The precision of injection was 0.05ml.

Three rats from the test group and three rats from the control
group were re-anesthetized 48h after injection, and the CT scan
was again performed. The three test group rats were anesthetized
by chloral hydrate. Their skins were sampled at the injection site,
and the polymer implants were exposed, measured and weighed
(wet and dry). Nine days after injection, the remaining four test
group rats and three control group rats were anesthetized,
and CT scans were performed. The seven rats were anesthetized
by chloral hydrate. The animal’s skins were sampled at the injec-
tion site and polymer implants were exposed, measured and
weighed (wet and dry).

2.6. Histopathology

Sample tissues from the injection site in six rats (two test group
rats on day 2, two test group rats on day 9, and two control
group rats on day 9) were sent for histopathology evaluation.
Implants were taken for chemical analysis. Surrounding tissues
were fixed in 4% neutrally buffered formaldehyde and subjected
to histopathological examination by a board-certified toxicological
pathologist; the pathologist was not blinded of the test samples.
Tissues were trimmed, embedded in paraffin and routinely
processed for light microscopy. Sections were stained with
hematoxylin and eosin. Each sample was evaluated and graded
for histopathological changes. Reactive and inflammatory changes
were assigned severity grades representing unremarkable,
minimal, mild, moderate and marked changes. Samples were
assessed for presence or absence of capsule and histological com-
ponents of the capsule, for example, inflammatory cells including
giant cells, fibroblasts and mature collagen.

2.7. Statistical Analysis

Descriptive statistics were used when applicable. Linear regression
was used to test for correlation between implant size on CT and at
histopathology. The student T-test was used to test for differences
in the size of the injected polymer in the polymer-Lipiodol group
compared with controls. All analyses were performed with SAS sta-
tistical analysis software (version 9.1, SAS Institute, Inc., Cary, NC,
USA). Values of p< 0.05 were considered significant.

3. RESULTS

3.1. In Vitro Analysis

Formulations were found to be homogeneous and stable for
months under refrigeration. Lipiodol was highly visible in P(SA:RA)
at concentrations of 5% (Table 1) with a density of 1866 HU
(SD – 150 HU).

3.2. Ex Vivo Analysis

Blank polymer without contrast medium was not visible in the
CT scan (Fig. 1A). Lipiodol 5% in P(SA:RA) was visible at 0.2ml
and at 1ml injection volumes (Fig. 1C). The implanted polymer
attained a round shape after injection and remained at the
injection site. The polymer was not visible on CT with contrast
concentrations of ≤1% Lipiodol content. Control injections of

Figure 1. Ex vivo CT imaging of poly(sebacic-co-ricinoleic acid) [P(SA:RA)]
and Lipiodol in bovine liver. (A) Blank P(SA:RA) 1ml in bovine liver is not
visible. (B) Lipiodol 1ml (right arrow), and Iopamidol 1ml (left arrow) are
seen with free dispersion. (C) Lipiodol 5% in P(SA:RA) 1ml in bovine liver
is visible with a rounded appearance.

Table 2. Ex vivo visualization of P(SA:RA) and Lipiodol separately and in combination

No. Injection type Vol. (ml) Visualization in CT Diameter (mm)

1 P(SA:RA) 1 No —
2 Lipiodol 100% 1 Yes 17.7
4 Lipiodol 5% in P(SA:RA) 1 Yes 14.9
5 Lipiodol 1% in P(SA:RA) 1 No —
6 Lipiodol 0.5% in P(SA:RA) 1 No —
7 Lipiodol 0.1% in P(SA:RA) 1 No —
8 Lipiodol 5% in P(SA:RA) 0.2 Yes 5.5
9 Lipiodol 5% in P(SA:RA) 0.1 No —
10 Saline 1 No —
11 Iopamidol 1 Yes 13.0
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Lipiodol and Iopamidol (water soluble, non-ionic contrast
medium) were visible, but dispersed freely in the liver (Fig. 1B,
Table 2).

3.3. In Vivo Analysis

CT scans immediately after injection showed an average polymer
diameter of 10.2 ± 1.04mm. The average diameter of the control
Lipiodol deposit at immediate CT was 7.15 ± 2.69mm, with
greater dispersion in comparison with the Lipiodol–P(SA:RA) in-
jection (p= 0.02). The Lipiodol control 0.1ml injection was freely
dispersed. CT scan performed 48 h after injection showed an av-
erage polymer diameter of 10.28 ± 2.03mm, compared with an
average diameter of 7.38 ± 1.67mm with more dispersal in the
control animals (p= 0.01). The implant diameter did not change
at 48 h, although there was some biodegradation, seen as black
bubbles (Fig. 2B). Pathological evaluation conducted at 48 h after
injection showed an average estimated polymer diameter of
13.8 ± 1.8mm, with a wet weight of 423 ± 46mg and dry weight

of 310 ± 15mg. Histopathological tolerance assessment showed
a mild reaction in two rats anesthetized after 48 h. The capsule
was composed of mild, proliferating fibroblasts, with an inner
layer composed of mild polymorphonuclear cells, and more
internally, a mild presence of necrotic material. Implant size
after anesthesia at 48 h was found to be 10.28 ± 2.03mm
measured on the CT scan and 13.8 ± 1.8mm measured at
surgery (R2 = 0.78).

In comparison to day 2, the average polymer diameter on CT
9 days after injection increased to 14.2 ± 2.78mm compared with
a stable average diameter of 7.3 ± 1.06mm in the control
animals, which was also evidenced with greater heterogeneity
and more fluid with low density areas. Evaluation at 9 days after
injection demonstrated a wet weight of 233.75 ± 40mg and dry
weight of 195 ± 20mg. After 9 days the implant evolved into
several zones containing inflammatory cells, with most of the
polymer degraded (Figs 2 and 3). On CT, polymer biodegradation
was shown as black bubbles. Measurement of average HU values
was not possible for the polymer–Lipiodol, since it contained
both high and low density areas.

Histopathological assessment showed moderate reaction in
the anesthetized animals, with the capsule composed of a
relatively thick band of proliferating fibroblasts and capillar-
ies, associated with collagen deposition. There was intra-
cavity accumulation, of a mixture of polymorphonuclear cells,
histiocytes (macrophages) and necrotic material (Fig. 4). In
the control rats injected with only Lipiodol, there was an
unremarkable reaction in one rat and minimal reaction in a
second. The capsule was composed of a single layer of
flattened to cuboidal cells, without the presence of inflamma-
tory cells (i.e. polymorphonuclear cells, lymphocytes, plasma
cells, macrophages and giant cells), or fibroblasts in one
animal with excellent tolerance (unremarkable reaction). In
the other animal the extremely thin capsule was composed
of a single layer of flattened to cuboidal cells, with sporadic
minimal presence of mononuclear inflammatory cells, a very
thin connective tissue layer, and occasional foci of histiocytes
(minimal reaction).

4. DISCUSSION

The polymer and formulation described above are intended for
use as biodegradable injectable drug carrier implants in humans.
This study was performed to visualize noninvasively P(SA:RA)
implant physically incorporated with Lipiodol, and to demonstrate

Figure 2. (A) Lipiodol 5% in P(SA:RA) on the injection day is seen as a
well-rounded high-density structure. (B) After 48 h some dispersion is
seen with low-density areas in the periphery. (C) After 9 days dispersion
is seen in most of the injected zone. (D) In a control rat injected with
Lipiodol only the contrast agent is seen as a curved high-density struc-
ture after 48 h.

Figure 3. (A) Pathological evaluation 48 h after injection Lipiodol 5% in P(SA:RA) is seen as a well-rounded structure. (B) After 9 days, disintegration is
seen in most of the injected zone.
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the temporal degradation changes in CT. Experiments in ex vivo
bovine liver and in vivo rat studies show that formulation of 5%
Lipiodol incorporated in P(SA:RA) is visible on CT. Blank polymer
without contrast medium is not visible. Control injections of
Lipiodol show wide dispersion in tissue; however, the polymer
formulation assumes a round shape after initial injection that is
visualized at the injection site with clear signs of degradation
9days after injection.

Using this method, CT imaging can be performed for implants,
and the degradation process can be monitored. Massive polymer
degradation was seen on the CT scan as black bubbles, which
may be the fatty SA and RA released during polymer biodegra-
dation. Surgical removal of the implant 9 days after injection
showed degradation of the polymer into several areas of
degradation products, with inflammatory reaction at the site of
the injection presented as mild, proliferating fibroblasts,
polymorphonuclear cells and the presence of minimal necrotic
material confined to the implant site. Free Lipiodol caused no
or minimal tissue reaction.

Noninvasive imaging of biodegradable carriers is of interest as
a potential follow-up tool after the carrier and the attached drug
have been injected to the target tissue. Lipiodol is also
selectively taken up and retained by primary hepatocellular
carcinoma (16) and hepatic metastases of neuroendocrine
tumors (17), when administered by selective intra-arterial

injection. This phenomenon of uptake and retention in hepa-
toma (18) has been used to deliver anti-cancer drugs to the tu-
mor. For example, the cytotoxic agent SMANCS co-
administered with Lipiodol (19) and Lipiodol anti-cancer drug
emulsions (20) have been used in targeted chemotherapy in
experimental animals. Although the current study was
performed to evaluate CT visualization, tissue changes induced
by the polymer without cytotoxic agents suggest that a further
study with the addition of these agents could be an essential
component to evaluate whether the rate of clearance of poly-
mer influences the bioavailability of drugs incorporated in com-
bination with Lipiodol.

5. CONCLUSIONS

CT was successfully used as a noninvasive method to evaluate
implant size and temporal changes at the injection site of a
polymer incorporating Lipiodol. CT accurately depicts temporal
changes in the polymer. Thus, the use of polymers with Lipiodol
for drug delivery in humans offers the potential for noninvasive
CT evaluation. This method may also be used to monitor
controlled drug delivery from implants.
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