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Fig. 11. Drawings (right lateral view of laryngeal box) illustrate the routes of tumor spread out from the larynx through areas of inherent weakness; (1) via the thyrchyoid
membrane along the superior laryngeal neurovascular bundle (red arrow), (2) via the inferior pharyngeal-constrictor muscle (blue arrow), (3) via the cricothyroid membrane

(yellow arrow).

esophagus, trachea, or deep lingual muscle, with or without carti-
lage penetration {20]. In clinical practice, patients with T4 disease
do not always inevitably undergo laryngectomy, and for patients
without tumor extension through the cartilage - a diagnosis that
is not always straightforward - clinicians rely on imaging for accu-
rate tumor staging, tumor mapping and detection of possible tumor
extension [5,6]. It is then possible to predict which patients may
be candidates for function-preserving treatments to some degree,
and discussions with the patients are part of the treatment decision
process.

According to Beitler et al. [39], extralaryngeal spread without
thyroid cartilage penetration was more common than previously
expected in patients with advanced laryngeal and hypopharyn-
geal cancer. The authors suggested that cartilage invasion was
absent in 40% of cases showing extralaryngeal tumor spread. Since
extralaryngeal tumor spread is one of the important predictors of
T4 disease in laryngeal and hypopharyngeal cancer, the focus of
imaging needs to shift from detection of invasion to reliably demon-
strating more extensive disease.

4.2.1. Conventional CT

Extralaryngeal spread can be considered if the following fea-
tures can be identified: substitution by tumor tissue on the outside
of the membrane/cartilage, or loss of fat attenuation between the
extralaryngeal structure (such as blood vessel or muscle) and laryn-
geal components. To detect extralaryngeal spread, it is important
to thoroughly understand the complex anatomy in this area and
the imaging features of commonly occurring extension patterns
(Fig. 11). One of the most common routes of lesion spread from the
larynx through areas of inherent weakness is via the thyrohyoid
membrane (Fig. 12). The superior laryngeal neurovascular bundle
enters the laryngeal component through a posterolateral defect in
the thyrohyoid membrane; this defect is known to be the route
by which tumors spread [48,49]. Another route of extralaryngeal

spread, especially in the case of piriform sinus cancer, is via the
inferior pharyngeal constrictor muscle [48,50] on the basis of
its attachment to the lamina of the thyroid cartilage (Fig. 13).
Sometimes, the tumor may show submucosal extension to the
extralaryngeal soft tissue via the cricothyroid membrane (Fig. 14).
Such extension into deep-seated tissue planes is difficult to evalu-
ate by clinical inspection examination alone.

4.2.2. MR imaging

Diagnosis of extralaryngeal spread on the basis of MR imaging is
based mainly on altered signal behavior of extralaryngeal soft tissue
with different pulse sequences. Extralaryngeal spread is considered
to be present when signals in the fat component of extralaryngeal
soft tissue continuous with the primary tumor have an intensity
similar to that of the tumor on T2WI, are hypointense on T1WI, and
hyperintense on contrast-enhanced TTWL

4.2.3. Dual-energy CT

Extralaryngeal spread can be identified on CT or MR imaging,
but dual-energy CT may facilitate a clearer diagnosis. The I0 images
generated by using dual-energy CT reveal the area of tumor spread
into soft tissue as red-colored enhancement, because 10 images
visualize areas of iodine distribution in soft tissue (Figs. 12B, 13B
and 14C). The preliminarily reported sensitivity and specificity of
WA plus 10 images for extralaryngeal spread are 100% (14/14)
and 100% (16/16), respectively [16]. Regardless of whether carti-
lage invasion is present, combined analysis of WA and IO images
may also be useful for evaluating extralaryngeal spread of advanced
laryngeal and hypopharyngeal cancer.

5. A diagnostic algorithm including dual-energy CT

All patients with symptoms that are suggestive of laryngeal
or hypopharyngeal cancer should undergo a thorough assessment
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Fig. 12. Extralaryngeal spread via the thyrohyoid membrane on dual-energy CTina
78-year-old man with supraglottic cancer. (A) WA image shows that the tumor has
invaded the right aryepiglottic fold and preepigiottic space at the superior margin
of the thyroid cartilage. The tumor extends through the thyrohyoid membrane into
the extralaryngeal tissues (arrowheads). (B) The IO image reveals extralaryngeal
tumor spread more clearly through the thyrohyoid membrane along the superior
neurovascular bundle as a red-colored area (arrowheads). (C) Microscopic analysis
confirmed the infiltration of the tumor cells into the extralaryngeal soft tissue and
thyrohyoid muscle (hematoxylin-eosin stain; original magnification, 5x).

A

Fig. 13. Extralaryngeal spread via the inferior pharyngeal constrictor muscle on
dual-energy CT ina 60-year-old man with hypopharyngeal cancer. WA image (A) and
[0 image (B) at the glottic level show a tumor mass (T) arising from the left piriform
sinus, spreading into the lateral extralaryngeal soft tissue via the attachment of the
inferior pharyngeal constrictor muscle (curved arrow). The tumor also wraps around
the posterior border of the thyroid cartilage. On the WA image (A), the inner cortex of
the left thyroid cartilage shows focal lysis (arrow). However, the 10 image (B) shows
no corresponding enhancement in the region indicated in the WA image (arrow).
This case was evaluated as T4a disease without cartilage invasion and treated by
chemoradiotherapy.

of their clinical history and a physical examination includ-
ing nasopharyngoscopy, followed by multimodality imaging. We
believe that dual-energy CT has the potential to become the primary
diagnostic tool for laryngeal and hypopharyngeal cancer, although
further investigation of dual-energy CT in comparison with MR
will be necessary. Dual-energy CT may be very helpful for staging,
including the definition of T stage, particularly when distinguish-
ing T4 from lower-stage lesions, and for detection of regional lymph
nodes (N staging) and distant metastasis (M staging). If evaluations
conducted using dual-energy CT alone are insufficient, contrast-
enhanced MR imaging is useful for excluding cartilage invasion,
and for evaluation of very advanced local disease such as tumor
invasion to the prevertebral fascia or carotid artery.
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Fig. 14. Extralaryngeal spread via the cricothyroid membrane on dual-energy CT in
a 72-year-old man with right glottic cancer. (A) Nasopharyngolaryngoscopy demon-
strates the tumor mass (T) at the right glottis. It is diagnosed clinically as T3. WA
image (B) and 10 image (C) at the subglottic level show that the tumor has spread
submucosally into the extralaryngeal soft tissue (arrowheads) via the cricothyroid
membrane, and is therefore diagnosed as T4a.

6. Conclusion

Imaging plays a significant role in the staging of laryngeal
and hypopharyngeal cancer, particularly when distinguishing the
absence or presence of laryngeal cartilage invasion by the tumor
and extralaryngeal spread. With conventional CT, although car-
tilage invasion can be diagnosed with acceptable accuracy by
applying defined criteria for combinations of erosion, lysis and
transmural extralaryngeal spread, iodine-enhanced tumors and
non-ossified cartilage are sometimes difficult to distinguish. MR

offers high contrast resolution for images without motion artifacts,
although inflammatory changes in cartilage sometimes resemble
cartilage invasion. With dual-energy CT, combined iodine-overlay
images and weighted-average images can be used for evalua-
tion of cartilage invasion, since iodine enhancement is evident in
tumor tissue but not in cartilage. Extralaryngeal spread can be
evaluated from CT, MR or dual-energy CT images and the three
common routes of tumor spread into the extralaryngeal soft tis-
sue must be considered. The ability to obtain weighted-average
images and iodine-overlay images gives dual-energy CT poten-
tial advantages over conventional CT for evaluation of laryngeal
and hypopharyngeal cancer. The benefit of the dual-energy tech-
nique lies in the impact of its high-quality images on treatment
decision-making. Further advances in dual-energy CT may lead to
its more widespread use for imaging of laryngeal and hypopharyn-
geal cancer. To define the most appropriate treatment strategies, it
is important to thoroughly understand the potential applications,
limitations, and advantages of existing and evolving imaging tech-
nologies, including dual-energy CT.
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Abstract

Background The efficacy of sorafenib for hepatocellular
carcinoma (HCC) patients refractory to transcatheter arte-
rial chemoembolization (TACE) has not yet been clarified.
We investigated the efficacy of sorafenib in HCC patients
who were refractory to TACE (sorafenib group) and ret-
rospectively compared the results with those of patients
treated with hepatic arterial infusion chemotherapy using
cisplatin (cisplatin group).

Methods We evaluated the anti-tumor effect, the time to
progression, and the overall survival in 48 patients in the
sorafenib group and 66 patients in the cisplatin group.
Results The disease control rate to sorafenib was 60.4 %,
the median time to progression was 3.9 months, and the
median survival time was 16.4 months in patients who were
refractory to TACE. When compared with the cisplatin group,
significant differences in the patient characteristics were
not observed between the two groups with the exception of
patient age; however, the disease control rate (cisplatin group
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28.8 %, P = 0.001), time to progression (cisplatin group:
median 2.0 months, hazard ratio 0.44, P < 0.01), and overall
survival (cisplatin group: median 8.6 months, hazard ratio
0.57, P < 0.001) were significantly superior in the sorafenib
group. The multivariate analysis also showed the sorafenib
treatment to be the most significant factor contributing to
prolongation of time to progression and overall survival,
Conclusions Sorafenib showed favorable treatment results
in patients refractory to TACE. When compared with hepatic
arterial infusion chemotherapy using cisplatin, sorafenib
demonstrated a significantly higher disease control rate, a
longer time to progression and increased overall survival,

Keywords Hepatocellular carcinoma - Sorafenib -
Cisplatin - Chemotherapy - Hepatic arterial infusion
chemotherapy

Introduction

Hepatocellular carcinoma (HCC) is one of the most com-
mon malignancies worldwide. HCC is highly prevalent in
African and Asian countries, and its incidence has recently
been increasing in western countries {1, 2]. For patients with
unresectable HCC who are not candidates for curative
treatments, such as resection, transplantation, or local
ablation, transcatheter arterial chemoembolization (TACE)
is the main therapeutic option [1, 2]. A clear survival benefit
for patients with unresectable HCC who are treated with
TACE has been shown in several randomized controlled
trials and a meta-analysis [3, 4]. Chemotherapy has been
recognized as a palliative treatment option for patients with
highly advanced HCC in whom TACE is not indicated.
Sorafenib is a multikinase inhibitor of Raf kinase, which
is involved in cancer cell proliferation, as well as vascular
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endothelial growth factor receptor-2/-3 (VEGFR-2/-3) and
platelet-derived growth factor receptor beta (PDGFR-J),
which is involved in peritumor neovascularization [5, 6]. In
two pivotal international phase 3 trials of sorafenib vs.
placebo, the so-called SHARP trial [7] and the Asia-Pacific
trial [8], sorafenib demonstrated a prolonged overall sur-
vival and time-to-progression, compared with a placebo, in
patients with advanced hepatocellular carcinoma (HCC).
Therefore, sorafenib has been acknowledged as a standard
therapy for advanced HCC.

In the therapeutic strategy of the Barcelona Clinic Liver
Cancer Study Group [5], sorafenib was indicated for patients
with extrahepatic metastasis and/or vascular invasion of
Stage C disease (advanced stage), patients with a perfor-
mance status (PS) of 1-2, and those with Stage B (interme-
diate stage) multifocal HCC refractory to TACE. In the 2010
updated version of the consensus-based clinical practice
guidelines for the management of HCC proposed by the
Japan Society of Hepatology [9, 10], patients with extrahe-
patic metastasis, with macrovascular invasion, and who were
refractory to TACE are listed in the algorithm for treatment
with sorafenib. The main indications for sorafenib are,
therefore, considered to be patients who are refractory to
TACE, those who have vascular invasion, or those who have
extrahepatic metastasis. Subgroup analyses of the SHARP
trial [7] and the Asia-Pacific trial [8] showed the treatment
efficacies in patients with vascular invasion and extrahepatic
metastasis. However, those in patients who are refractory to
TACE have not been reported so far, although the outcome of
patients with prior TACE has been reported (11, 12].

Before the introduction of sorafenib, hepatic arterial
infusion chemotherapy was mainly performed in Japan for
patients with advanced HCC [13-21], including those
refractory to TACE [13, 14]. However, no consensus on a
standard therapy has been achieved because large-scale
prospective studies and randomized controlled studies have
not been conducted and the survival benefit has not been
clarified [10]. In this study, we clarified the efficacy of
sorafenib in patients who were refractory to TACE (so-
rafenib group) and retrospectively compared the anti-tumor
effect, time to progression, and overall survival between
the sorafenib group and patients who were refractory to
TACE and who were treated with hepatic arterial infusion
chemotherapy using cisplatin (cisplatin group).

Patients and methods
Patients
Forty-eight consecutive chemotherapy-naive patients who

were refractory to TACE without extrahepatic metastasis
were extracted from 2035 patients treated with sorafenib at

the National Cancer Center Hospital East (East Hospital)
between April 2009 and December 2011. Sixty-six of the
84 chemo-naive patients who were refractory to TACE and
were treated with hepatic arterial infusion chemotherapy
using cisplatin at the National Cancer Center Hospital and
the East Hospital between July 2004 and September 2008,
the period before the approval of sorafenib in Japan, were
enrolled in the cisplatin group after excluding 18 patients
with extrahepatic metastasis or the moderate retention of
ascites. In this series, the total number of TACE sessions
was 478, while the median number of TACE sessions was
4 (range 1-16). In previous TACE sessions, an emulsion
containing an anticancer agent and lipiodol followed by
gelatin sponge particles were used. In the present series,
epirubicin was used for 394 sessions, adriamycin was used
for 29 sessions, and mitomycin C was used for 12 sessions;
the anticancer agent was unknown for 43 sessions. Patients
who were refractory to TACE were defined as those
showing progression or a tumor shrinkage rate of <25 % of
the hypervascular lesions as visualized using dynamic
computed tomography (CT) and/or magnetic resonance
imaging (MRI) after 1-3 months of TACE [13]. The
TACE-refractory status of individual patients was dis-
cussed at a weekly tumor board conference. HCC was
diagnosed based on the presence of histopathological
findings or imaging findings that were characteristic of
HCC together with an increase in the serum o-fetoprotein
level. The diameter of the tumor and the presence/absence
of extrahepatic metastasis were confirmed using dynamic
CT/MR]I, ultrasound, or chest X-ray/CT prior to treatment.
In our hospital, sorafenib is indicated for the treatment of
patients with highly advanced HCC with a Child-Pugh
score of either A or B. Informed consent for each treatment
was obtained from all the patients before the initiation of
treatment. This clinical study was conducted with the
approval of the Ethics Committee of the National Cancer
Center and was conducted in accordance with the ethical
principals stated in the Japanese ethics guideline for epi-
demiological research.

Treatments

An oral dose of sorafenib at 400 mg was administered
twice daily, after breakfast and dinner (800 mg/day).
Treatment was continued as long as tolerability was
observed without obvious disease progression. The dose
was reduced or withdrawn and treatment was continued
depending on the severity of adverse events. A dose
increase up to 800 mg/day was permitted when the dose
increase was judged possible in patients in whom the dose
had been reduced.

For hepatic arterial infusion chemotherapy using cis-
platin, intra-arterial cisplatin at a dose of 65 mg/m* was
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administered over 2040 min via a catheter inserted into
the feeding arteries of the tumors. Treatment was repeated
every 4-6 weeks for up to 6 courses until disease pro-
gression or unacceptable toxicities occurred. An infusion of
3,000 mL or more was administered on the day of treat-
ment, and an infusion of 1,000 mL or more was continued
for 3 days after administration to reduce renal toxicity
caused by cisplatin; a diuretic (mannitol, furosemide, etc.)
was administered as necessary to ensure an adequate urine
volume.

Assessment and statistical analyses

Dynamic CT or MRI was used to confirm the anti-tumor
effect every 1-2 months. The anti-tumor effect was eval-
uated using the Response Evaluation Criteria in Solid
Tumors, version 1.0 (RECIST) [22], to judge the best
overall response. The time to progression was defined as
the period from the date of the start of treatment until the
date of the confirmation of tumor progression by radio-
logical evaluation or the day on which obvious tumor
progression was judged to have occurred based on the
clinical symptoms. Overall survival was defined as the
period from the day of the start of treatment until the date
of death or the final date of confirmed survival. A x* test or
Wilcoxon test was used to compare the patient character-
istics and the anti-tumor effect between the sorafenib and
the hepatic arterial infusion chemotherapy using cisplatin
groups, and the Kaplan—-Meier method was used to calcu-
late the time to progression and the overall survival; the
log-rank test was used to analyze differences between the
groups. In a multivariate analysis, a Cox regression was
used to analyze factors with P < 0.10 using a univariate
analysis. P < 0.05 was judged to be statistically significant.
JMP version 9.0 (SAS Institute Inc.) was used for the above
statistical analyses.

Results
Patient characteristics

Table 1 shows the patient characteristics before each
treatment. Age was significantly higher in the sorafenib
group, although the medians were very similar (sorafenib
group 71 years, cisplatin group 69 years). Although the
Eastern Cooperative Oncology Group PS, the maximum
tumor diameter, total bilirubin, AST, and ALT tended to be
slightly worse in the cisplatin group, significant differences
were not observed in the other parameters between the two
groups. The median number of treatments in the cisplatin
group was 2 (range 1-6 times). As a subsequent treatment,
other systemic chemotherapy was performed in 14 patients,
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hepatic arterial infusion chemotherapy using cisplatin was
performed in 7 patients, TACE was performed in 4
patients, and hepatic arterial infusion chemotherapy using
5-FU + interferon and radiotherapy was performed in one
patient each in the sorafenib group; meanwhile, TACE was
performed in 15 patients, hepatic arterial infusion chemo-
therapy using epirubicin was performed in 4 patients, other
systemic chemotherapy was performed in 4 patients,
hepatic arterial infusion chemotherapy using 5-FU -+
interferon was performed in 2 patients, and radiotherapy
was performed in one patient in the cisplatin group. The
median observation period was 9.4 months (range
2.1-31.6 months) in the sorafenib group and 7.5 months
(range 0.8—43.1 months) in the cisplatin group; this dif-
ference was not statistically significant (P = 0.44).

Efficacy

The best overall response in the sorafenib group was
evaluated as a complete response (CR) in one patient, a
partial response (PR) in 2 patients, stable disease (SD) in
26 patients, progressive disease (PD) in 16 patients, and not
evaluable (NE) in 3 patients. The response rate (CR + PR)
was 6.3 % [95 % confidence interval (CI) 1.3-17.2 %],
and the disease control rate (CD + PR + SD) was 60.4 %
(95 % CI 45.3-74.2 %). The median time to progression
and the progression-free rate at 6- and 12-months were
3.9 months, 32.6 %, and 12.1 %, respectively, while the
median overall survival and the survival rate at 6-, 12-, and
24-months was 16.4 months, 88.9 %, 55.3 %, and 32.5 %,
respectively, in the sorafenib group.

The best overall response in the cisplatin group was
evaluated as a CR in 1 patient, PR in O patients, SD in 18
patients, PD in 39 patients, and NE in 8 patients. The
response rate was 1.5 % (95 % CI 0.04-8.2 %), and a
significant difference in the response rate, compared with
the sorafenib group, was not observed (P = 0.40). The
disease control rate was 28.8 % (95 % CI 18.3-41.3 %),
which was significantly higher in the sorafenib group
(P = 0.001). The median time to progression and the
progression-free rate at 6- and 12-months in the cisplatin
group was 2.0 months, 15.9 %, and 4.8 %, respectively,
showing a significantly superior result in the sorafenib
group (hazard ratio 0.44, P < 0.01) (Fig. 1). At the time of
analysis, 21 patients had died because of tumor progres-
sion, and 1 patient had died because of hepatic failure in
the sorafenib group. Additionally, 60 patients had died
because of tumor progression, and 4 patients had died
because of hepatic failure in the cisplatin group. The
median survival time and the survival rate at 6-, 12-, and
24-months in the cisplatin group were 8.6 months, 62.0 %,
35.2 %, and 11.3 %, respectively, showing a significantly
superior result in the sorafenib group (hazard ratio: 0.37,
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Table 1 Patient characteristics
Sorafenib Cisplatin P value
n (%) n (%)
All patients 48 - 66 -
Age (years)

Median [range] 71 [53-83] 69 [40-82] 0.04
Sex

Male 43 90) 52 (79)

Female 5 (10) 14 21 1.00
Performance status

0 43 ©0) 49 (74)

1 5 10) 17 (26) 0.07
HCVAD (positive) 32 (67) 45 (68) 1.00
HBsAg (positive) 7 (15) 8 (12) 0.92
Prior resection (present) 12 (25) 27 (41) 0.11
Prior ablation (present) 19 (40) 29 (44) 1.00
No. of prior TACE sessions

Median [range] 4 [1-9] 4 [1-17] 0.86
Maximum tumor diameter (mm)

Median [range] 30.5 [10-150] 40 [12-110] 0.07
Number of tumors

1-3 8 amn 13 20) 0.32

>4 40 (83) 53 (80) 0.64
Portal vein invasion (present) 9 (19) 16 24) 0.64
Hepatic vein invasion (present) 3 ©) 4 (6) 0.99
Stage*

I or I 38 a9 49 74)

IVa 10 @n 17 (26) 0.70
Ascites (present) 9 (19) 17 (26) 0.51
Child-Pugh class

A 32 ©67) 36 (55)

B 16 (33) 30 (45) 0.27
Total bilirubin (mg/dL)

Median [range] 0.9 [0.3-2.1] 1.1 [0.2-3.0] 0.02
Albumin (g/dL)

Median [range] 3.5 [2.3-4.8] 33 [2.4-4.5] 0.21
AST (U/L)

Median [range] 54 [20-165] 88 [35-287] 0.04
ALT (U/L)

Median [range] 43 [10-139] 62 [22-187] 0.05
Prothrombin time (%)

Median [range] 78 [40-107] 73 [48-104] 0.39
o-Fetoprotein (ng/mL)

Median [range] 70.3 [1.3-218876] 3243 [1.7-210200] 0.59
PIVKAII (mAU/mL)

Median [range] 505.5 [11-291330] 438 [11-96390] 0.65
Subsequent treatments (present) 27 (56) 26 (39) 0.11

HCVAD hepatitis C viral antibody, HBsAg hepatitis B surface antigen, TACE transcatheter arterial chemoembolization, AST aspartate amino-

transferase, ALT alanine aminotransferase, PIVKAII protein induced by vitamin K absence or antagonists-I1I

? Japanese classification of primary liver cancer
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Fig. 1 Comparison of time to progression between sorafenib and
hepatic arterial infusion chemotherapy using cisplatin in patients who
were refractory to transcatheter arterial chemoembolization (TACE)

Sorafenib

Survival propotion
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Fig. 2 Comparison of overall survival between sorafenib and hepatic
arterial infusion chemotherapy using cisplatin in patients who were
refractory to TACE

P < 0.001) (Fig. 2). The same analysis was performed for
patients limited to Child-Pugh A, since sorafenib is widely
recommended for the treatment of patients with Child-
Pugh A. The results were similar, although the disease
control rate and the time to progression were not statisti-
cally significant (data not shown).

Toxicity

Serious adverse events (SAE) occurred in two patients
(1 patient, grade 4 hepatic encephalopathy; 1 patient, grade
3 erythema multiforme) in the sorafenib group, but none of
the patients in the cisplatin group experienced an SAE.
Thirty-eight patients (79 %) required a sorafenib dose
reduction because of adverse events, such as liver dys-
function, hand-foot syndrome, or rashes, and treatment was
discontinued in 7 patients (14 %) because of adverse
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events, such as liver dysfunction, hepatic encephalopathy,
or erythema multiforme. On the other hand, none of the
patients required a cisplatin dose reduction, and treatment
was discontinued in 6 patients (9.1 %) because of adverse
events, such as liver dysfunction, fatigue, or nausea/
anorexia.

Predictive factors of time to progression and overall
survival

Univariate analyses were performed to identify the factors
that contributed to the prolongation of time to progression
in patients who were refractory to TACE (Table 2). The
univariate analyses showed that the significant factors that
contributed to the prolongation of the time to progression
(P < 0.10) were an age >65 years, a PS of 0, a maximum
tumor diameter <3.0 cm, the absence of hepatic vein
invasion, the absence of ascites, a bilirubin level <1.2 mg/
dL, an o-fetoprotein level <1,000 ng/ml, and sorafenib
treatment. A multivariate analysis was performed for the
factors that showed a significant tendency (P < 0.10) in the
univariate analysis, and the absence of hepatic vein inva-
sion and sorafenib treatment were significant independent
factors that contributed to the prolongation of the time to
progression (Table 3). Univariate analyses were performed
to identify the factors that contributed to survival prolon-
gation in patients who were refractory to TACE (Table 2).
The univariate analyses showed that the significant factors
that contributed to the prolongation of survival (P < 0.10)
were an age >65 years, a PS of 0, a maximum tumor
diameter of <3.0 cm, 3 or fewer tumors, the absence of
hepatic vein invasion, Child—Pugh class A, the absence of
ascites, an albumin level >3.5 g/dL, a bilirubin level
<1.2 mg/dL, an AST level <100 U/L, an o-fetoprotein
level <1,000 ng/mL, a protein induced by vitamin K
absence or antagonist-II (PIVKA-II) level <1,000 mAU/
ml, and sorafenib treatment. A multivariate analysis was
performed for the factors showing a significant tendency at
P < 0.10, and the significant independent favorable prog-
nosis factors were a PS of 0, 3 or fewer tumors, Child-Pugh
A, an o-fetoprotein level <1,000 ng/ml, a PIVKA-I
level <1,000 mAU/mL, and treatment with sorafenib
(Table 3). Treatment with sorafenib had the smallest haz-
ard ratio among these prognostic factors.

Discussion

Patients with vascular invasion, extrahepatic metastasis,
and who are refractory to TACE are good candidates for
sorafenib [5, 9, 10]. However, the efficacy of sorafenib in
patients who are refractory to TACE has not been previ-
ously reported, although the outcome of patients with prior



T Gastroenterol (2014) 49:932-940

937

Table 2 Univariate analysis of time to progression and overall survival time in patients refractory to transcatheter arterial chemoembolization
treated with sorafenib or intra-arterial cisplatin

n

Time to progression

Overall survival

Median (months) Hazard ratio P value Median (months) Hazard ratio P value

Sex
Female 19 2.9 1.01 (0.60-1.68) 0.98 10.5 0.92 (0.51-1.68) 0.79
Male 95 2.6 9.8

Age (years)
<65 33 2.0 1.41 (0.92-2.14) 0.11 8.0 1.65 (1.03-2.66) 0.03
>65 81 3.0 114

Performance status
0 92 32 0.58 (0.35-0.95) 0.03 114 0.38 (0.22-0.66) <0.001
1-2 22 1.6 4.3

HCVADb
Negative 37 2.8 0.82 (0.53-1.25) 0.35 9.9 0.72 (0.45-1.18) 0.19
Positive 77 25 9.8

HBsAg
Negative 99 3.0 0.86 (0.50-1.50) 0.60 9.9 1.09 (0.54-2.17) 0.82
Positive 15 2.1 9.8

Maximum tumor diameter (cm)
<3.0 39 4.0 0.65 (0.43-0.99) 0.04 12.3 0.56 (0.34-0.83) 0.02
>3.0 75 22 8.7

No. of tumors
<3 21 44 0.78 (0.48-1.29) 0.33 13.8 0.68 (0.39-1.19) 0.06
>3 93 24 8.0

Portal vein invasion
Present 25 32 0.89 (0.55-1.43) 0.62 5.4 1.34 (0.79-2.27) 0.23
Absent 89 2.6 8.7

Hepatic vein invasion
Present 7 2.5 2.12 (0.97-4.66) 0.05 4.8 2.17 (0.94-5.03) 0.13
Absent 107 2.8 9.2

Stage®
IIor I 87 2.8 0.94 (0.59-1.48) 0.77 11.6 0.64 (0.39-1.07) 0.08
v 27 2.5 6.2

Child-Pugh class
A 68 32 0.84 (0.56-1.26) 0.39 9.5 0.65 (0.41-1.01) 0.08
B 46 2.2 7.8

Ascites
Present 26 22 1.56 (0.98-2.47) 0.06 5.6 2.15 (1.32-3.53) 0.01
Absent 88 2.9 92

Albumin (g/dL)
<3.5 76 2.4 1.17 (0.78-1.77) 0.44 7.8 1.90 (1.16-3.11) 0.02
>3.5 38 3.8 10.6

Total bilirubin (mg/dL)
<12 81 32 0.66 (0.42-1.02) 0.06 11.6 0.42 (0.26-0.66) <0.001
>1.2 33 1.6 4.8

Prothrombin time (%)
<70 42 29 0.95 (0.63-1.42) 0.79 10.5 0.93 (0.59-1.47) 0.77
>70 72 2.5 9.9
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Table 2 continued

n Time to progression Overall survival
Median (months) Hazard ratio P value Median (months) Hazard ratio P value
AST (U/L)
<100 82 3.0 0.86 (0.55-1.35) 0.50 12.3 0.44 (0.27-0.70) <0.001
>100 32 22 5.5
ALT (U/L)
<100 97 2.6 0.90 (0.52-1.56) 0.70 9.9 0.85 (0.44-1.57) 0.59
>100 17 2.5 8.5
a-Fetoprotein (ng/mL)
<1,000 71 3.8 0.60 (0.40-0.91) 0.01 122 0.61 (0.39-0.96) 0.03
>1,000 43 2.1 7.1
PIVKA-II (mAU/mL)
<1,000 67 3.1 0.78 (0.52~1.16) 0.22 10.6 0.62 (0.40-0.96) 0.03
>1,000 45 2.1 9.5
Treatments
Sorafenib 48 3.9 0.57 (0.38-0.86) 0.01 16.4 0.44 (0.27-0.72) <0.001
Cisplatin 66 20 8.6

HCVAD hepatitis C viral antibody, HBsAg hepatitis B surface antigen, AST aspartate aminotransferase, ALT alanine aminotransferase, PIVKAII

protein induced by vitamin K absence or antagonists-II

# Japanese classification of primary liver cancer

Table 3 Multivariate analysis of overall survival and time to pro-
gression in patients refractory to TACE

Hazard ratio P value

Time to progression

Hepatic vein invasion: present 0.41 (0.19-0.91) 0.03

Treatment: sorafenib 0.55 (0.37-0.83) 0.004
Overall survival
Performance status: 0 0.46 (0.27-0.81) 0.006

No. of tumors: <3 0.51 (0.29-0.91) 0.02

Child-Pugh class: A 0.44 (0.27-0.71) 0.001
a-Fetoprotein: <1,000 ng/mL 0.52 (0.22-0.84) 0.008
PIVKA-II: <1,000 mAU/mL 0.47 (0.29-0.76) 0.002
Treatment: sorafenib 0.42 (0.25-0.77) 0.001

TACE has been reported [11, 12]. We retrospectively
evaluated the efficacy of sorafenib in patients who were
refractory to TACE. The following data were obtained: the
response rate (CR + PR) was 6.3 %, the disease control
rate (CD + PR + SD) was 60.4 %, and the median time to
progression was 3.9 months; these results were comparable
to those obtained for sorafenib to date [7, 8]. The median
survival time of 16.4 months was regarded as favorable.
The patients who were refractory to TACE have a lower
frequency of vascular invasion, which is a significant pre-
dictor of a poor prognosis in patients with advanced HCC.
In addition, most of the TACE refractory patients had an
intermediate BCLC stage. The TACE refractory patients in
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this study (proportion of advanced stage 33 %) had a better
BCLC stage than the patients in previous trials (proportion
of advanced stage SHARP, 82 %; Asia-Pacific trial,
95.3 %). Favorable tendencies, therefore, might be shown
for the overall survival of a subgroup of patients who are
refractory to TACE among advanced HCC patients in
whom sorafenib treatment is indicated.

A definition of “refractory to TACE” has not yet been
established. In this study, the definition of “refractory to
TACE” was regarded as progression or a tumor shrinkage
rate of <25 % in hypervascular lesions as visualized using
dynamic CT and/or MRI after 1-3 months of TACE.
According to the consensus-based clinical practice guide-
lines proposed by the Japan Society of Hepatology 2010
[5], however, “refractory to TACE” is defined as two or
over consecutive incomplete necrotic reactions or the
appearance of a new lesion, vascular invasion, or extra-
hepatic metastases. Although a consensus has not been
reached among clinicians, this is a critical issue when
considering a conversion from TACE to sorafenib treat-
ment in patients with unresectable HCC.

In the present study, sorafenib was compared with
hepatic arterial infusion chemotherapy using cisplatin,
which was used before the introduction of sorafenib. A
consensus on a standard therapy has not been attained for
hepatic arterial infusion chemotherapy, since its survival
benefit has not been elucidated [10]. However, this regimen
is still frequently used in Japan, because favorable anti-
tumor effects and long-term survivals have been seen in a
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few patients [15-21]. Nonetheless, hepatic arterial infusion
chemotherapy has not been reported to have favorable
results in patients who are refractory to TACE [13, 14].
Regarding hepatic arterial infusion chemotherapy using
cisplatin in patients who were refractory to TACE (n = 84),
the response rate at out-patient hospitals was 3.6 %, the
median time to progression was 1.7 months, and the median
overall survival period was 7.1 months [13], while the
results of a phase II study of hepatic arterial infusion che-
motherapy using cisplatin in patients with unresectable
HCC (n = 80) were favorable, with a response rate of
33.8 % and a l-year survival rate of 67.5 % ([15]. One
possible reason for the difference between these studies
might be differences in the characteristics of the study
populations. Most patients in the phase II trial of cisplatin
were TACE-naive, whereas only patients with TACE-
refractory disease were included in the present study. Thus,
hepatic arterial infusion chemotherapy may not be expected
to show favorable therapeutic results when the patients are
limited to those refractory to TACE, although the reason
remains unknown. Therefore, the results were compared
with those for patients who were refractory to TACE and
were treated with sorafenib. Although the patient age was
significantly higher in the sorafenib group and the PS and
tumor size was slightly worse in the cisplatin group, no
other significant differences in the patient characteristics
were observed between the two groups. The response rate
was comparable, but the sorafenib group showed signifi-
cantly higher results for the disease control rate, time to
progression, and overall survival. We also performed a
multivariate analysis to examine the factors that contributed
to the time to progression and overall survival in patients
who were refractory to TACE, and treatment with sorafenib
was one of the significant factors. These results suggest that
sorafenib, rather than hepatic arterial infusion chemother-
apy using cisplatin, might be the treatment of first choice in
patients who are refractory to TACE. This outcome might
not have much impact in overseas settings, where hepatic
arterial infusion chemotherapy is less popular, but it is quite
disappointing in Japan, since hepatic arterial infusion che-
motherapy using cisplatin was expected to show a thera-
peutic effect comparable to that of sorafenib.

The present study has some limitations. First, the results
for sorafenib treatment in patients who were refractory to
TACE were obtained as part of a single-site, retrospective
study. A prospective study enrolling only patients who are
refractory to TACE should be performed in the future to
verify the efficacy of sorafenib in patients who are
refractory to TACE. Second, the periods of treatment
differed between the sorafenib group and the cisplatin
group. Third, the influence of subsequent treatment on
the overall survival cannot be denied. Hepatic arterial
infusion chemotherapy using cisplatin was administered as

a subsequent treatment in 7 patients in the sorafenib group,
whereas patients in the cisplatin group were not treated
with sorafenib. Still, the anti-tumor effect of hepatic arte-
rial infusion chemotherapy using cisplatin following so-
rafenib was PD in all the patients, and the impact would
have been negligible. Finally, considering the possible
selection bias in therapeutic policy after the introduction of
sorafenib, we selected patients with different periods of
treatment, but the results might also have been affected by
the difference in periods. Also, no significant differences in
the patient characteristics, except for age, total bilirubin,
and AST, were seen between the sorafenib and the hepatic
arterial infusion chemotherapy using cisplatin group, but
subtle differences in the patient characteristics might have
affected the favorable results for sorafenib, since this study
was a retrospective comparison.

In conclusion, sorafenib showed a favorable efficacy in
patients who were refractory to TACE, resulting in a sig-
nificantly higher disease control rate, longer time to pro-
gression, and longer overall survival compared with
hepatic arterial infusion chemotherapy using cisplatin.
Thus, sorafenib, rather than hepatic arterial infusion che-
motherapy, should be considered as the first-line therapy
for patients who are refractory to TACE in the future.
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ORIGINAL ARTICLE

Evaluation of a Near-Infrared-Type Contrast Medium
Extravasation Detection System Using a Swine Model

Toshihiro Ishihara, RT, *7 Tatsushi Kobayashi, MD,* Naoya lkeno, RT* Takayuki Hayashi, MD,*
Masahiro Sakakibara,j Noboru Niki, PhD,} Mitsuo Satake, MD,* and Noriyuki Moriyama, MD, PhD§

Purpose: To refine the development and evaluate the near-infrared (NIR)
extravasation detcction system and its ability to detect extravasation during
a contrast-enhanced computed tomography (CT) examination.
Materials and Methods: The NIR extravasation detection system
projects the NIR light through the surface of the human skin then, using
its sensory system, will monitor the changes in the amount of NIR that
reflected, which varies based on absorption properties.

Seven female pigs were used to evaluate the contrast media extravasa-
tion detection system, using a 20-gauge intravenous catheter, when
injected at a rate of 1 mL/s into 4 different locations just under the skin
in the thigh section. Using 3-dimensional CT images, we evaluated the
extravasations between time and volume, depth and volume, and finally
depth and time to detect,

Results: We confirmed that the NIR light, 950-nm wavelength, used
by the extravasation detection system is well absorbed by contrast me-
dia, making changes easy to detect. The average time to detect an extray-
asation was 2.05 seconds at a depth of 2.0 mm below the skin with a
volume of 1.3 mL, 2.57 seconds at a depth between 2.1 and 5 mm below
the skin and a volume of 3.47 mL, 10.5 seconds for depths greater than
5.1 mm and a volume of 11.1 mL. The detection accuracy was signifi-
cantly deteriorated when the depth exceeded 5.0 mm (Tukey-Kramer,
P <0.05)

Conclusions: The extravasation system detection system that is using
NIR has a high level of detection sensitivity. The sensitivity enables
the system to detect extravasation at depths less than 2 mm with a volume
of 1.5 mL and at depths less than 5 mm with a volume of 3.5 mL. The ex-
travasation detection system could be suitable for use during examinations.

Key Words: computed tomography, contrast media, contrast-enhanced
CT, extravasation detection

(J Comput Assist Tomogr 2014;38: 285-292)

It is common during computerized tomography (CT) exam-
inations for the intravenous injection of contrast media to be
performed using an automated power injector (injector). The in-
jector provides the flexibility, consistency, accuracy, and safety
precautions necessary to perform the required high speed and
pressure injections for CT examinations to obtain clinically
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acceptable images. With this, however, comes the risk of contrast
medium extravasation, which requires careful attention. Wang
et al * reported that, in 69,657 patients who were injected with
intravenous contrast medium (CM), 475 patients (0.7%) experi-
enced extravasation, and Chew >* determined that the occurrence
of extravasation was 0.45%, applying the Self~Assessment Mod-
ule Scenario 1 by checking previous reports of extravasation after
CM injection.?

Early symptoms of extravasation include local inflamma-
tion, sharp pain, and redness of the skin; however, later and
more severe extravasations can result in the destruction of tis-
sue. This comes about because of the difference in osmotic
pressure between CM and human blood and body fluids. Al-
though it is considered that the toxicity of nonionic contrast me-
dia is generally mild, the osmotic pressure is twice that of body
fluids. Therefore, a large volume of extravasated CM may cause
critical conditions such as ulcer formation or compartment syn-
drome.”™* In addition, the workflow is disrupted, examination
efficiency is decreased, plus the reputation of the facility is neg-
atively affected.’

Nelson et al '!7 report an extravasation detection acces-
sory (EDA) that used strain gauges connected (4 points) in a
Wheatstone bridge configuration. This system detects the im-
pedance change under a patch measuring 5 * 8 cm and indicates
extravasation when a change limit value is exceeded. It was
reported this EDA kept 100% sensitivity for 10-mL extra-
vasations. Bouton et al '8 report an extravasation detection acces-
sory that uses radiofrequency. This system detects the change of
conductivity using its 4 radiofrequency transmitter/receiver
modules surrounding the puncture point. The average volume of
the sensing area is 12.5 mL, and it was reported that the system
could detect extravasations from 8 to 10 mL.

Hereinafter we shall focus on the extravasation detection
system that uses near-infrared (NIR) light. This system uses
the absorption characteristics of NIR light by the CM, monitor-
ing the changes of absorption of the scattered NIR light just un-
der the skin.18-20

For our evaluation, 7 swine models were used to simulate
the extravasation of contrast media inside the thigh skin and
evaluate the duration, depth, and volume of extravasation to
demonstrate the effectiveness of the system.

MATERIALS AND METHODS

Contrast Media Extravasation Detection System

Overview of the System

The contrast media extravasation detection system consists
of 3 parts: a sensor part that includes an alarm box to indicate
when contrast media is extravasating, a receiver, and a computer
(Windows XP; Dell) that is used to analyze the signal. The con-
figuration is shown in Figure 1. The sensor part detects the in-
tensity changes of the scattered light illuminated into the skin
compared with the base intensity that is measured before the
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FIGURE 1. Extravasation detection system block diagram. The system is composed of three parts: the calculation unit, the box for
receiving (including the box leak detector contrast medium), the leak-detecting sensor signal, the signal sensing, and the signal received.

Device used to perform a spectral analysis of the reflected light.

injection. These intensity changes are converted and measured
as a change in voltage. When an extravasation occurs, the volt-
age signal from the sensor part will decrease. Once the voltage
decreases below the lower limit, the system will signal an alarm.
The computer displays the voltage fluctuation as a trend graph.

Contrast Media Extravasation Detection Sensor

Determination of Light-Absorption Characteristics
of Human Skin

Using the diffuse reflectance method, the light-absorption
characteristics of human skin around the median cubital vein
were measured. For the light source, an incandescent lamp
(GA-30H; ELPA) was used because it has a wide optical spec-
trum. A spectrometer (InGaAs NIR Spectrometer EPP-2000;
StellartNet) was used to measure the reflected light. The mea-
suring device is shown in Figure 2. To obtain a baseline for
the total reflected light intensity, the incandescent lamp was

Light source

directed to a white board maintained at a distance of 50 mm
and the reflected light was measured. The lamp was then shaded
with a black board, and another measurement was made to de-
termine the reflected amount with 100% absorption. Finally,
we directed the lamp toward human skin and measured the scattered
light. Compared with the total reflected light possible, we con-
firmed that the option spectrum was 600 to 1000 nm (Fig. 3).

Determination of Absorption Characteristics
of Water and Contrast Media

To determine the absorption characteristics of water and
contrast media, we used the transmit method. Again, the incan-
descent lamp was used for the light source and the spectrometer
was used to measure the light. Tools were used to prevent the am-
bient light from affecting our measurements of characteristics of
water and contrast media. The measurement system is shown in
Figure 4. To determine the absorption characteristics, the lamp
was placed on one side of the spectrometer the other side of the

Spectrometer

@40mm

White board

Ground side of the object to be

measured, such as Skin.

Black beoard

FIGURE 2. Diagram. Detector to measure the light absorption characteristics. Measuring the light absorption characteristics of the

reflected light.
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FIGURE 3. The spectrum of light reflected was measured at 600 to approximately 1000 nm for human skin compared with total

reflection of light in the air.

water and contrast media. The absorption spectrum band was spe-
cifically identified at 950 nm wavelength (Fig. 5). It was deter-
mined from these results that a wavelength of 950 nm is ideal to
permeate and scatter in the human skin and provide adequate
changes based on the absorption by water and contrast media.

Configuration of Contrast Media Extravasation
Detection Sensor

For the contrast media extravasation detection sensor, NIR
LED (AN1111R; Stanley) having a peak wave length of 950 nm
was used for light source and NIR phototransistor (PS1101WA;
Stanley) was used for the detector.

The configuration is shown in Figure 6.

The contrast media extravasation detection sensor emits
light at a wavelength of 950 nm, NIR, into the human skin, then
a measurement of the intensity of reflected light intensity is
made using the phototransistor. Comparing the reflected light
intensity before injection with the intensity of reflected light
during the contrast media injection makes the detection of ex-
travasation possible. If a sufficient amount is absorbed, then
an extravasation is suspected and reported.

Determination of Measurement Point of Swine Model

The National Cancer Research Center Animal Study ethics
committee and ethics committee of the institute approved this
study using animals for data collection of human subjects.

A location with similar hardness and absorption charac-
teristics with the upper median cubital vein of humans for intra-
vascular contrast enhancement CT examination was chosen in
the swine model (Specific Pathogen—Free).

The skin hardness was measured on the upper median cubital
vein with 6 volunteers (2 women, 4 men; age range, 28—43 years;
mean age, 34 years; body mass index range, 17.8-27.6 kg/m?;
mean body mass index, 22.8 kg/m®) and the 5 points were the ab-
domen and outer thigh and inner thigh of both legs of 2 swine
models (body weight, 30.2 and 31.5 kg).

Skin hardness was measured with a durometer (ASTM D
2240, GS754H, TypeOO Durometer; Teclock Ltd., Okaya, Japan).
Three measurements were made then averaged to determine the
skin hardness. Note that the hardness measurement is a relative
physical amount and has no units of measure. In addition, the ab-
sorption characteristics were also measured in the same location,

© 2014 Lippincott Williams & Wilkins

again 3 times then averaged, using the measuring equipment shown
in Figure 2 to determine the absorption characteristics.

Evaluation With Swine Model

Simulate an extravasation on 7 swine models and evaluate
the performance of contrast media extravasation detection system.
1. The puncture area was chosen based on having similar skin

hardness and absorption characteristics as the upper median
cubital vein of our human skin measurements. A 20-gauge in-
travenous catheter (Terumo) was inserted by a physician, and
the depth of insertion was adjusted to 1.0 to 10.0 mm. The ex-
travasation detection sensor was placed such that the center of
the sensor was positioned 5 mm from the catheter tip and light
source. Refer to Figure 7.

2. To set the baseline, the light intensity level before the injector
was measure and recorded via the computer. A contrast injec-
tion via a power injector (Dual Shot; Nemoto Kyorindo, Tokyo,
Japan) was performed at a rate of 1.0 mL/s. The light intensity
was observed and compared with that of the baseline during the
injection. The contrast media was Iohexal 300 that was diluted
3 times with saline to decrease the influence of artifact.

3. The physician stopped the injection when the light intensity level
exceeded the limit. After the injection was stopped, the detection
duration and the volume of extravasation were determined.

4. After the extravasation was detected, an image via CT scan-
ner (Aquilion 4; Toshiba Medical Systems, Ootawara, Japan)
of the injected area along with the sensor still applied was
completed (Fig. 8).

Spectrometer = i - Light source
Space; A E
1 3
&
palyacetal ]""""'—‘
60mm

FIGURE 4. Measuring devices for light absorption characteristics
of the contrast medium, water, and air. Used to eliminate the
effect of ambient light shielding.
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FIGURE 5. Absorption spectrum of the contrast medium with water, which absorbs light at a wavelength of 950 nm specifically, as

compared with that passed through air.

Imaging condition of CT'was 120 kV, 400 mA, 0.5 sec/rotation
speed; low slice thickness, 1.0 mm; pitch factor, 0.875; image slice
thickness, 1.0 mm.

5. The depth of the extravasated contrast media was measured us-
ing the CT images. Using the profile curve of the CT value, we
obtained the distance between the sensor surface on the skin
and edge of contrast media. The depth measurement from
the skin surface was defined using the full width at 10 maxi-
mum (FWTM) of profile curve.

RESULTS

Determination of Measuring Point and the Result
of the Swine Model

Skin hardness of human and swine model was measured
by the durometer, as shown in Tables 1, 2. The average of skin
hardness around the cubital vein was 45.4, and its SD was
0.82. The inside thigh skin of 2 swine models, average was
45.4 and SD was 0.28. Similar skin hardness between inside
thigh skin of swine model and cubital vein of human is shown.

Absorption characteristics of cubital vein and inside thigh
skin of swine model are shown in Figure 9. Each absorption
characteristics shown is in the range of 600 to approximatey
1000 nm, demonstrating similar characteristics.

Result of Swine Model Examination

The relation between the detection duration, depth of ex-
travasation, and extravasated volume for total 28 points of the
7 swine models and 4 points of inside thigh skin are shown in
Figure 10A, B.

Figure 10A shows the difference of the extravasated vol-
ume compared with the detection time.

A minimum extravasated volume (0.9 mL) could be detected
in 2.0 seconds. A shorter detection duration shows a lower extrav-
asated volume. Detection duration and leakage volume were clas-
sified into 3 groups (detection duration: group I, 0-3 seconds;
group 11, 3.1-6 seconds; group III, 6.1-16 seconds). Extravasated
volume was 0.9 mL in a detection duration of 2.0 seconds and
the average was 3.7 mL in group I; average volume was 8.8 mL
in an average detection duration of 5.2 seconds in group II; in
group ITI, the maximum volume was 13.0 mL in 15.0 seconds
and the average volume was 13.0 mL in an average duration
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14.0 seconds. Correlation between detecting duration and volume
were R? = 0.85, and a positive correlation is shown. When apply-
ing the statistical test (Tukey-Kramer), no significance difference
was shown between groups I and II; however, comparing group
T with groups I and II showed a significant difference because
P < 0.05. It is also shown that a longer detection time causes an
increase in extravasated volume.

Figure 10B shows the difference between the extravasated
volumes compared with the depth of extravasation. A minimum
extravasated volume (0.9 mL) could be detected in extravastion
depths of 0.98 mm. A deeper extravasation leads to an increase
in extravasation volume. The depth of extravasation and leakage
volume were classified into 3 groups (depth: group I, 0-2.0 mm;
group 11, 2.1-4.2 mm; and group III, 4.3-10.2 mm); extrava-
sated volume was 0.9 mL in a depth of 0.98 mm and the average
was 1.1 mL in group I, average volume was 3.1 mL in group I
and the average volume was 6.9 mL. Correlation between detecting
duration and volume was R* = 0.85, and a positive correlation is

Infrared
luminescence LED /L'\
J—

A

Phototransistor

]

—

LN AY

Transparent sheet; PET

cable
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16mm

16mm
B
FIGURE 6. Diagram sensor head. Using a phototransistor
(Stanley AN1111R), you place the sensor structure (PST10TWA
Stanley) LED with infrared emission peak wavelength of 950 nm
onto the light source.
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.

FIGURE 7. Summary installing the sensor in the swine model.

shown. When applying the statistical test (Tukey- Kramer), no sig-
nificance difference 1s shown in groups I and II; however, compar-
ing group I with groups I and II shows a significant difference
because P < 0.05. It is also shown that the delay of detection dura-
tion increases with extravasated volume.

The leak positions were classified into 6 groups in accor-
dance with their depths (group I, within 1 mm; group II, 1.1-
2.0 mm; group III, 2.1-3.0 mm; group IV, 3.1-4.0 mm; group
V, 4.1-5.0 mm; and group VI, 5.1 mm or more), and the average
leak volume and average detection time in each leak depth
group were compared.

In the case of group II, it was possible to detect within a detec-
tion time of 2.1 seconds or less with a leak volume of 1.32 mL or
less. In the case of group I1I, it was possible to detect under within
2.7 seconds or less with a leak volume of 2.7 mL or less. However,
in the case of group III, the detection time was 10.5 seconds and
the leak volume was 11.1 mL, which showed a remarkable in-
crease. In the multiple simultaneous hypotheses testing (Tukey-
Kramer), no significant differences were observed in the leak
volumes in I to IV (*P < 0.05), but a significant difference was

FIGURE 8. CT image showing extravasation in the swine model.
The contrast medium accumulated in the right inner thigh.

© 2014 Lippincott Williams & Wilkins

observed in I to VI (*P < 0.05), I to VI (*P < 0.05), IIT to VI
(*P < 0.05), IV to VI (*P < 0.05), V to VI (*P < 0.05). Regard-
ing the detecting duration, no significant differences were ob-
served in I to IV, significant differences were observed in I to VI
(*P <0.05), I to VI (*P < 0.05), II to VI (*P < 0.05), IV to VI
(*P < 0.05), and V to VI (*P < 0.05) (Fig. 11). As for the con-
trast medium extravasation detection system, no false-positives
or false-negatives were identified. From the above results, extrav-
asation volume could be detected in 1.3 mL in 2.0 mm, and 3.5 mL
in 5.0 mm could be detected, and high detection sensitivity
was shown.

DISCUSSION

We developed the contrast extravasation detection system,
discussed the detection accuracy, and examined the detection
performance during an intravenous contrast-enhanced CT ex-
amination using a swine model.

The detection accuracy of the contrast detection system
that used NIR is high, and an extravasated volume of 1.3 mL
could be detected at 2.0 mm depth, and 3.5 mL could be
detected within the depth of 5.0 mm. The correlation between
the leakage volume and the leakage point showed that deeper
extravasations result in increases in the extravasation volume.
As for detection accuracy of the contrast medium extravasion de-
tection system, it was confirmed that a deeper contrast medium

TABLE 1. Cubital Vein Measurements in 6 Volunteers

Human

Volunteer Sample No. Hardness Part
A 1 45.1 Elbow
B 4 46.4 Elbow
C 7 44.8 Elbow
D 10 46 Elbow
E 13 442 Elbow
F 16 45.7 Elbow

Average: Elbow 45.36667

SD: Elbow 0.816497

The average hardness of the skin was 45.4 + 0.82.
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TABLE 2. Search Results for 5 Hardness Measurements of the
Human Body at the Same Level as the Upper Cubital Vein
Swine Model of 2 Animals

Swine Model
Pig Sample No. Hardness Part
X 1 452 Rt. thigh on inside
2 46.4 Lt. thigh on inside
3 69.3 Rt. thigh on outside
4 60.2 Lt. thigh on outside
5 50.1 Abdomen
y 6 44.8 Rt. thigh on inside
7 453 Lt. thigh on inside
-8 70.5 Rt. thigh on outside
9 63.4 Lt. thigh on outside
10 52.7 Abdomen
Average: Thigh on inside 45.425
SD: Thigh on inside 0.2828427
Average: Thigh on outside 63.4
SD: Thigh on outside 4.8802322
Average: Abdomen 514
SD: Abdomen 1.8384776

The skin of the inner thigh hardness was 45.4 + 0.28.

leak position resulted in a longer detection time. There was a cor-
relation between the leakage depth and the leakage volume.
Especially, for example, a leak depth of 5.1 mm or more
resulted in a detection time of 10.5 seconds or more. Comparing
this with a leakage depth of 5.0 mm or less, the leakage volume
significantly increased. It was suggested, however, that there

FIGURE 9. Comparing the average value of the absorption
characteristics of the pig and the human body. Light absorption
characteristics are equivalent.
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FIGURE 10. A, Relationship between the amount of time and
leakage detection. Leakage increases with the increase of leakage
detection time. B, Relationship between the amount of leakage
and leakage position. Leakage increases with increasing depth of
the leak position.

may be several opportunities to improve the device wherein
detecting deeper extravasations more accurately would become
possible. There is an adequate correlation to the natural loga-
rithm to the depth, detection level, and the transmission loss
of light that could enable variations in the operating algorithms
to be considered. It was also shown that the rise time of the in-
jection until the flow rate setting is achieved is directly related to
the mechanical accuracy of the injector; therefore, mechanical
improvements are possible. Finally, testing with human subjects
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FIGURE 11. Comparison of the amount of leakage and the
detection time.
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would help in determining the detection influences that were
caused by the puncture point resistance by using the swine
model. Furthermore, the delay time from when the sensor
detects extravasation until the injection stops is influenced by
the systems configuration and human factors. From this delay
time, the injection volume can be calculated; therefore, improv-
ing the system response time can reduce the injected volume be-
fore the injection stops.

Based on the results, the contrast medium extravasation de-
tection system could prevent serious diseases such ulcer forma-
tion and compartment syndrome by detecting extravasations at
their early stage if used at clinical sites. The contrast medium
extravasation detection system, if used in the clinical setting,
could decrease the probability of occurrence of compartment
syndrome with its ability to detect extravasation early and min-
imize the extravasated amount of contrast. Sistrom et al ** clas-
sified the amount of extravasation into 3 groups (minor, <10 mL;
moderate, 10-49 mL; major, 2 50 mL) plus related each group
to the damage.

Clinically, it is generally accepted that the contrast medium
leak volume, from which the subject feels pain, is about 5.0 to
10 mL. Our newly developed contrast medium extravasation de-
tection system can detect extravasation of about 1 mL and
allows stopping injection of the contrast medium before the sub-
ject feels pain. Moreover, when the contrast medium extravasation
detection system is interfaced with the injector and contrast me-
dium extravasation is detected, it is possible to stop the contrast
medium injection automatically. Therefore, interconnecting the
two systems is highly recommended, if not indispensable.

It should be noted though, with the sensor tip set close to
the tip of the catheter needle, there might be a case that the con-
trast medium extravasation occurs in the area where the sensor
cannot detect it. Therefore, it is necessary to properly install
the sensor, noting the effective range of the sensor.

In this study, the injection flow rate of the contrast medium
was 1.0 mL/s, but at present, many facilities perform CT exam-
inations at higher flow rates (3.0-5.0 mL/s) that heightens the risk
of extravasation.”> > However, Jacobs et al *® propose that there
is no correlation to the contrast medium injection flow rate and
frequency of extravasation. As for the relation between injection
flow rate and contrast medium extravasation, further investigation
is needed, taking into account the patients’ age and sex, a punc-
tured blood vessel, the catheter needle size, and so on. However,
if the flow rate of contrast medium increases, the leak volume
per unit time increases. Therefore, the relation between the con-
trast medium extravasation detection system detection speed and
the contrast medium injection flow rate needs further consider-
ation. This study was also limited to only Japanese patients, and
although good results were obtained, additional factors, for exam-
ple, the skin thickness, skin color, hardness, and thickness of the
hypodermis should be considered for further study.

There are several advantages that can be considered by using
the contrast medium extravasation detection system in everyday
CT examinations. For example, incommunicable patients such
as small children including infants, the elderly, sedated, or uncon-
scious patients, wherein the injection could be stopped automati-
cally for even small volumes of extravasation. Early detection
could also prevent the critical side effects before they occur.

Furthermore, by preventing ulcer formation and compart-
ment syndrome, the system contributes to mitigate the mental bur-
den and minimizes the medical treatment time on the side of our
medical staff as well as patients when extravasations occur.

Paice ° reported in Imaging Economics (“extravasation,”
an analysis that the economical effect due to the extravasation
with considering the criticality of the damage and the reparation
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for injury) the economic impact of an extravasation. It is neces-
sary to prevent the economical loss even with a low probability
of occurrence, according to Paice. Also, the occurrence of an
extravasation, because of its interruption of the CT examination,
decreases the CT department efficiency, along with an adverse
impact on the reputation of the hospital. '

Often, monitoring with x-rays is performed shortly after the
start of a contrast medium injection (eg, bolus tracking method,
etc.), medical staff must evacuate from the examination room to
avoid being exposed to radiation. However, before leaving the
room, they must ensure that the complete dose was injected to
the patient.

Therefore, to prevent the risk of contrast medium extrava-
sation, operators take the risk of being exposed to radiation.
If, however, the contrast medium extravasation detection system
is used, it is possible to avoid unnecessary radiation.*=° Some-
times, contrast medium extravasation occurs after the medical
staff has confirmed proper puncture, catheter insertion, and left
the imaging room. In this situation, it is difficult to decide
whether to stop the contrast medium injection or to continue.
However, if extravasation is detected with the contrast medium
extravasation detection system, the medical staff can be assured
that extravasation really occurred, and the injection can be
stopped automatically without the medical staff being exposed
to radiation.

Developing a system to detect contrast medium extravasa-
tion during an intravenous CT imaging examination plays an
important role in securing higher levels of safety and reliance on
the examinations. Moreover, if the injector and contrast medium
extravasation detection system are manufactured by the same
manufacturer as the injector, it makes it possible to interconnect
systems, providing a solution for minimizing extravasations. This
detection system was developed by joint research with the injector
manufacturer. Therefore, our detection system provides a high
level of safety to the clinical sites.

CONCLUSIONS

The detection accuracy was verified with similar absorp-
tion characteristics of human cubital vein and the swine model.
The contrast medium extravasation detection system using NIR
to detect contrast medium extravasation occurrence could detect
within 2 seconds at depths of 2.0 mm or less and a leak volume
of 11.1 mL in 10.5 seconds at the maximum depth of 10.2 mm
under the skin. Early detection of extravasation at volumes of
3.5 mL at the depth of 5 mm could decrease the risk of serious
extravasation.
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