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Furthermore. in previous phase I studies, HAI chemotherapy
with GEM was well-tolerated up to 1,000 mg/m* infused over
400 min (8.9).

According to the pharmacokinetics of GEM, when
1,000 mg/m* of GEM is administered via intravenous infusion
over 30 min, the average maximum plasma concentrations
reach 21,865+4.165 ng/ml by 15 min. The flow volume of the
hepatic artery proper is reportedly ~330 ml/min (11). When an
800-mg dose of GEM is infused into the hepatic artery proper
over a 30-min period. the local plasma concentration in the
liver reaches ~80,000 ng/ml by 30 min. Vogl et al (8) reported
that the maximum tolerated dose of HAI chemotherapy with
GEM was 1,400 mg/m*. Conversely, the plasma concentra-
tion of 5-FU with a 250-mg infusion into the hepatic artery
proper over a 24-h period was 0.5 pg/ml. This concentration
is equal to that obtained following administration of 30 mg/kg
(1,350 mg in the reported patient) of 5-FU over a 24-h
period (23). In addition, Maruyama ef al (24) reported that
when 1,000-1,500 mg of 5-FU was infused into the hepatic
artery over a period of 5 h, the maximum plasma concentra-
tion was 0.48 pg/ml on average, without the development of
any grade 3 adverse effects. Super-selective HAI may deliver
high doses of chemotherapeutic agents into the tumor vessels,
producing increased regional levels with higher effective-
ness and lower incidence/severity of systemic side effects. In
this study, the response rate was 85.7%, despite 6 out of the
7 cases having received systemic chemotherapy with GEM
prior to HAIL Moreover, no severe toxicity developed with
this therapy. These findings indicate that HAI chemotherapy
is safe and effective for the treatment of postoperative liver
metastasis from pancreatic carcinoma. The drawbacks of HAI
chemotherapy include problems with the catheter and the
appearance of new lesions outside the liver. In this study, 6 out
of the 7 cases eventually required removal of the HAI catheter
and the subcutancous implantable port system due to problems
with the tube, and new lesions outside the liver appeared in
all 7 patients. Even in the GEM+5-FU group. we performed
HAI with GEM plus oral S-1 therapy after 10 cycles under
the hypothesis of the appearance of extra-hepatic metastases.
Moreover, patients who did not undergo RO surgery for
primary lesions and patients suspected of having extra-hepatic
metastases were assigned to the GEM+S-1 group.

Although the safety of GEM plus S-1 therapy was previ-
ously demonstrated in the GEST trial (15), the occurrence
of adverse events was greater in the phase I study of neoad-
juvant chemotherapy (NAC) for resectable pancreatic cancer
performed in our department. In addition, NAC with GEM plus
S-1 was not well-tolerated (25). Nakahira et al (26) reported
that pretreatment with S-1 enhances the GEM effects on
pancreatic cancer xenografts. The mechanism underlying these
enhanced effects is considered to be 5-FU-induced upregula-
tion of human equilibrative nucleoside transporter 1, the
major mediator of GEM cellular uptake. In our trial, S-1 was
administered for 14 consecutive days prior to GEM, which may
explain the greater number of adverse events observed in our
study. However, to maximize the effect of GEM, it is recom-
mended that S-1 be administered prior to GEM. By using a
combination of oral S-1 and HAI of GEM, effective amounts of
the two chemotherapeutic agents were reached in the liver and
the systemic side effects were reduced.

873

In conclusion, HAI chemotherapy is safe and effective for
the treatment for postoperative metastases from pancreatic
cancer confined to the liver. A clinical phase I trial of HAI
chemotherapy with GEM plus 5-FU or oral S-1 is currently
being undertaken, which includes the measurement of GEM
concentration in the peripheral blood of patients in order to
determine the optimal dose.
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Longitudinal Time-Dependent Effects of Irradiation on
Multidrug Resistance in a Non-Small Lung Cancer Cell Line ¢

Yumiko Kono, Keita Utsunomiya, Shohei Kanno, and Noboru Tanigawa

Abstract

Multidrug resistance (MDR) in cancer is known to decrease the therapeutic efficacy of chemotherapy.
The effects of irradiation on MDR in cancer cells remain unclear. Te-99m methoxyisobutylisonitrile (MIBI)
exhibits the same ATP-binding cassette (ABC) transporter kinetics as the chemotherapeutic compound
doxorubicin. In this study, we investigated the synergistic effects of chemotherapeutics and irradiation
[0 Gy: C (control) group; 3, 6, 9, 12 Gy: I (irradiation) group]| in the human non-small lung cancer cell
line H1299 exhibiting MDR, on MIBI and doxorubicin ABC transporter kinetics, in vitro and in vivo,
respectively. It vitro, inhibition of 11299 cell proliferation by irradiation was found to be irradiation
dose dependent. The degree and duration of MDR inhibition in vitro in 11299 were also dose dependent.
In the cells of both the C group and 3-Gy I group, no significant difference of MIBI accumulation was
observed. In the 6-Gy I group, a higher MIBI accumulation was observed at only 7 days after irradiation
relative to the C group. A higher MIBI accumulation in the 9- and 12-Gy I groups with a significant
difference from the C group was observed at 4 to 14 days after irradiation. A significant negative
correlation between intracellular MIBI accumulation and cell replication was found. In vivo, high
accumulation and retention of doxorubicin were observed in irradiated tumors in the 1299 xenograft
mice group at 4 to 14 days after 9-Gy irradiation compared with the control mice group. These results
provide evidence for a synergistic effect of concurrent chemotherapy and radiotherapy. Mol Cancer Ther;

2706

13(11); 2706-12. ©2014 AACR.

introduction

Multidrug resistance (MDR) in cancer cells is known
to decrease the therapeutic efficacy of some types of
chemotherapy (1). MDR is due to the overexpression of
ATP-binding cassette (ABC) transporters, such as P-gly-
coprotein (Pgp), multidrug resistance-associated protein
1 (MRP1), and others, in the plasma membrane. These
overexpressed ABC transporters pump energy-depen-
dent chemotherapeutic agents out from the intracellular
volume into the extracellular milieu. MDR cancer cells
thus exhibit resistance to chemotherapy resulting in poor
outcomes for patients (2, 3).

Concurrent chemoradiotherapy has now been estab-
lished as a standard treatment based on evidence of
improved efficacy in treatment outcomes as compared
with only radiation therapy (4-8). However, the response
of various tumors to chemoradiotherapy can vary greatly,
even for tumors of the same histologic type, for a given
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treatment regimen. Furthermore, some patients acquire
MDR during their first course of chemotherapy, whereas
others acquire MDR only during subsequent treatments.
In addition, the irradiation protocols that should be used
to obtain the greatest beneficial synergy with chemother-
apy have not been determined to date.

In chemoradiotherapy, suppression of MDR is the key
to increasing the efficacy of many chemotherapeutic
agents. However, it should be also noted that with regard
to effects of radiation on MDR in cancer cells there are
conflicting reports. Some researchers have reported that
irradiation inhibits MDR (9, 10), whereas other research-
ers have reported that irradiation promotes MDR (11).
Further research is thus required to elucidate the effects
of irradiation on MDR in specific tumor cell types.

Tc-99m hexakis-2-methoxyisobutylisonitrile (MIBI) is
a nuclear medicine agent used in diagnostic imaging of
the parathyroid and heart. MIB], as a substrate for Pgp
and MRP1, has been shown to have similar pharmaco-
kinetics to chemotherapeutic agents such as doxorubi-
cin (12-15). Therefore, there are a number of clinical
research reports assessing the utility of MIBI in predict-
ing the chemotherapeutic response in non-small cell
lung cancer (16-23).

The purpose of this study is to investigate how to
optimally combine chemotherapy and radiation thera-
py to achieve the maximum synergistic effect in

Mol Cancer Ther; 13(11) November 2014
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chemoradiotherapy. Using doxorubicin in vivo and
MIBI in vitro, we investigated the relationship between
multiplication and MDR of non-small lung cancer cells
and the time-dependent effect of irradiation on MDR in
non-small cancer cells.

Maierials and Methods

Cell line and tracers

Human non-small lung cancer cells (H1299) trans-
fected with the wtp53 gene (H1299/wtp53), obtained in
2009 from the Division of Oncology, Biomedical Imaging
Research Center, Fukui University, Japan, were used in
this study. This cell line was cultured in medium con-
taining Geneticin as a selective agent and was thus con-
firmed to be H1299/wtp53. MDR was demonstrated in
the H1299 cells through immunostaining with Pgp and
MRP-1 monoclonal antibodies (Fig. 1).

The radiotracer Tc-99m MIBI, a substrate of MDR-relat-
ed ABC transporters, was used in vitro as a proxy for
chemotherapeutic drugs. In vivo, the chemotherapeutic
drug doxorubicin was used as a fluorescent tracer.

Cell culture and irradiation

H1299 cells were cultured at 37°C in a conventional
humidified 5% CO, incubator. The cells were grown in
DMEM containing 10% (v/v) FBS, streptomycin (50
ug/mL), and Geneticin (G418; 200 pg/mL). The sin-
gle-cell suspensions, in a canister 105 mm in height and
312 mm in diameter, were y-ray irradiated (Gammacell

40 Exactor; Nordion International) with a central dose
rate of 0.84 Gy/min before cell seeding at room tem-
perature. Five groups, categorized according to radia-
tion dose, were prepared: 0 Gy (control group), 3 Gy
(3-Gy group), 6 Gy (6-Gy group), 9 Gy (9-Gy group), and
12 Gy (12-Gy group). After irradiation, the cells were
incubated for 1, 4, 7, or 14 days in tissue culture flasks
according to the method described above.

Replication study in vitro

At each of 1, 4, 7, and 14 days after y-ray irradiation,
the I groups (3, 6, 9, and 12 Gy) and C group (0 Gy)
were trypsinized, centrifuged, and resuspended in 0.5
£02.0 x 10°/225 em® (0 and 3 Gy: 0.5 x 10°/225 em’; 6 Gy:
1 % 10°/225 cm? 9 and 12 Gy: 2 x 10°/225 cm?) flasks in
fresh media to exclude the inhibitory effect by confluent.
For the H1299 cell line, it was possible to subculture the
highest-dose 12-Gy irradiation group in the same manner
as the lower-dose groups.

The cell numbers were counted by staining with Try-
pan blue. For the 14 days incubation group, to prevent
the cell cultures in the flasks from becoming confluent,
the cells were subcultured into new flasks at 7 days after
irradiation. The replication rate (RR) and replication
coefficient (RC) at each time point after irradiation, 1,
4, 7, and 14 days, were calculated using the following
equations:

N _ log,(N) — log,(No)

=—, R
RR =, RC —

Figure 1. Immunostaining of Pgp
and MRP-1 in H1299 cell line.
Magnification: A, B, C, and D, x40
A, B, C/,and D/, x100. B and B,
H1299 expressed Pgp and
isotype-matched negative control
(A and A'). D and D', H1299 also
expressed MRP-1 and isotype-
matched negative control

(C and C').
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where N is the number of cells after irradiation, Ny is
the number of cells before irradiation, and t — £ is the
number of days under culture.

The replication studies were repeated four times.

Tc-99m MIBI accumulation study in vitro

For the MIBI accumulation studies, cells in the C
and [ groups were trypsinized, after the end of the
incubation period, and suspended in 7.0-mL complete
medium at a concentration of 1.0 to 2.0 x 10° cells/mL.
The cell suspensions were incubated at 37°C in a
stirred water bath. Samples (300 L) were obtained
in duplicate at 1, 15, 30, 45, and 60 minutes after
adding 370 kBq MIBI and transferred to 1.5-mL micro-
centrifuge tubes containing 1-mL ice-cold saline. These
samples were then centrifuged at 14,000 rpm for 2
minutes to produce cell pellets, the supernatant was
aspirated, and the remaining pellets were carefully
washed with 0.5- to 1.0-mL ice-cold saline to remove
remaining unbound MIBIL. The sample radioactivity
was counted using an automatic vy counter (WIZARD
"3" 1480; Perkin Elmer, Life Science). The accumula-
tion ratio (CPM;,/CPM,,, ) was calculated as the ratio
of radioactivity concentration inside the cell to that
found in the supernatant. Using the measurements
of radioactivity in the cell pellets and a standard re-
presenting the supernatant concentration together
with an independent measurement of cell volume, the
accumulation ratio equation was calculated as follows
(24, 25):

counts per minutepenut % ffcellspeliet

CPMin/CPMom = :
counts per minute,

supernatant
where counts per minutee is the measured radioac-
tivity rate of the pellet, counts per minutespernatant
is the measured radioactivity rate of the supernatant,
volumepeer = volumegpernatant = 300 pL, and #
cellspeiier = volumepeier % densitypener = 300 L x (5 x
107 cells/pL)* (* is the constant density per 0.1 mL of
packed H1299 cells).

The CPM;,/CPMgy ratios of the I and C groups
were measured at 60 minutes after the addition of MIBIL.
These MIBI accumulation studies were repeated four
times.

The correlation study

We analyzed the correlation between cell multiplica-
tion and MDR using the RC from the in vitro replication
study and the accumulation ratios from the in vivo MIBI
accumulation study.

Doxorubicin fluorescence imaging study in vivo

This animal study obtained approval from an appro-
priate animal care committee in conformance with the
Guide for the Care and Use of Laboratory Animals [Insti-
tute for Laboratory Animal Research (ILAR) 8th Edition,
2010].

Approximately 5.0 million human non-small lung
cancer cells, from the same line (FH1299), were subcu-
taneously inoculated into a BALB/c-nu/nu mouse
model at the dorsal right shoulder. The tumors were
grown until they attained a volume of at least 75 mm”.
Five such mice were prepared as irradiation-free
controls and another five were prepared for localized
thoracic irradiation. The irradiated mice received a
total y-ray dose of 9 Gy via a lead shield collimat-
ed '"Cs source (Gammacell 40 Exactor; Nordion
International). At 7 days after 9-Gy irradiation, 200
wg /100 ul. of doxorubicin was injected into the tail
veins of both the control and irradiated mice. Doxo-
rubicin accumulation (counts/mm”) was measured
from injection to 1, 60, and 120 minutes after injec-
tion using an in wvive fluorescent imaging system
(Xenogen-1VIS Lumina; PerkinElmer Inc.). The doxo-
rubicin accumulation ratio, ARyoxorubicin, was defined
as the ratio of the irradiated region of interest, RO,
normalized by a nonirradiated region of interest,
ROIyk, thus

RO
ROInk

ARdoxorubicin =

Specifically, ROIlr was defined as a circular region,
with a diameter of 6 mm, at the tumor mass of the
irradiated site, and ROIyir was similarly defined as a
circular region, with a diameter of 18 mm, at the skin of
the shielded site. The doxorubicin accumulation ratios
of the irradiated groups were compared with the control

group.

Statistical analysis and the correlation study

The statistical analyses of the results of the in vitro
replication and MIBI accumulation studies and the
in vive doxorubicin fluorescent imaging study were all
performed using repeated ANOVA. The correlation
between the in vitro cell replication and MIBI accumu-
lation studies was determined using the linear Spear-
man rank correlation coefficient. The threshold for
statistical significance for all statistical analyses was set
as P < 0.05.

Resuiis
Replication study in vitro

Irradiation suppressed the cell RR in all the I groups
relative to the C group. This RR suppression was found
to be dose dependent, over the entire time interval of
observation from 1 to 14 days. Although the RR decreased
after irradiation, the cells continued to multiply in all
I groups with the exception of the 12-Gy (high dose) I
group (Fig. 2). In Table 1, the RC of all the I groups is
compared with that of the C group. In 1 day after irradi-
ation, no statistically significant difference for the RC
was found relative to the C group. Besides, for all I groups,
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Figure 2. The RRs of the H1299 cell line control group and each of the
H1299 irradiation groups. Error bars, mean £ SD; n = 4.

a significant RC dose-dependent decline was found from
4 to 14 days after irradiation.

Tc-99m MIBI accumulation study in vitro
Intracellular MIBI accumulation was observed, for
both the C group and all I groups, after MIBI addition.
The CPM;, /CPM,,,, ratio attained a plateau at about 30
minutes after the addition of MIBI (45- and 60-minute
data were within = SE) in all groups. A dose-dependent
increase in the CPM;,/CPM,, ratio, indicating
increased intracellular MIBI uptake, was observed from
4 to 14 days after irradiation in all the I groups (Fig. 3A).
The graph consisting of 60-minute data of all periods
(Fig. 3B) shows the time-dependent effect of inhibition
of MDR by irradiation. Using this result, the
CPM;,/CPM,,, ratio at 60 minutes after addition of
MIBI was measured from 4 to 14 days for both the C
and I groups to determine the longitudinal time effect of
irradiation on MDR (Fig. 3B). For both the C group and
3-Gy I group, no statistically significant difference in
MIBI accumulation was observed from 1 to 14 days after
irradiation. For the 9- and 12-Gy I groups, a statistically

significant higher CPM;,/CPM,,, ratio was observed
from 4 to 14 days after irradiation compared with the
C group. For the 6-Gy I group, a significantly higher
CPM;, /CPM,, ratio was observed at the 7th day. How-
ever, unlike the 9-Gy I group, there was no significant
difference at the 14th day. Suppression of MDR was
thus found to be irradiation dose dependent.

Correlation study in vitro

The Spearman rank correlation coefficient analysis
found a statistically significant negative correlation
between CPM;,/CPM,,and RC (Fig. 4).

Doxorubicin fluerescent imaging in vivo

In both the C group and 9-Gy I group, whole mouse
body fluorescence increased, after doxorubicin injection,
for the first 10 minutes. After 10 minutes, whole body
fluorescence slowly decreased until the measurement
endpoint at 120 minutes after injection. At 1 minute after
injection, a similar accumulation of doxorubicin was
observed in both the C group and the 9-Gy I group. On
the other hand, at 60 and 120 minutes, a large accumula-
tion of doxorubicin was observed at the irradiated site
of the 9-Gy I group. A statistically significant higher
ARgoxorubicin Was found in the 9-Gy I group at 60 and
120 minutes after injection relative to the C group (Figs. 5
and 6).

Discussion

The in vitro cell replication study demonstrated the
non-small lung cancer cell line H1299/wtp53 sensitiv-
ity to y-ray irradiation. Dose-dependent inhibition
of cell replication was observed in all the groups subject
to y-irradiation. The largest inhibition was observed
in 7 days after irradiation. The most probable cause is
DNA damage. Furthermore, it was found that this
cancer cell line was resilient to single-dose irradiation,
even at the 12-Gy high dose, as demonstrated by the
recovery of replication capacity of the irradiated cells
after the 14 days.

Table 1. The replication coefficient

RC 1 day 4 days 7 days 14 days
Control (0 Gy) -0.06 (0.50) 0.87 (0.06) 0.65 (0.03) 0.83 (0.01)
3Gy ~0.086 (0.15) 0.75 (0.04)* 0.54 (0.04)* 0.76 (0.01)2
6 Gy -0.27 (0.33) 0.56 (0.05)% 0.45 (0.10)* 0.55 (0.03)2
9 Gy —0.26 (0.47) 0.29 (0.08)* 0.19 (0.05)* 0.16 (0.03)*
12 Gy -0.29 (0.22) 0.19 (0.05)% —0.09 (0.04)2 —-0.09 (0.10*

irradiated groups.
8P < 0.05. Values are expressed as mean (SD); n = 4.

NOTE: Significance testing was done using the pairwise Mann-Whitney U test. Significant difference between control (0 Gy) and other

www.aacrjournals.org
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Bars, mean & SE; n = 4,

The effect of y-irradiation on MDR in H1299/wtp53
was investigated using Te-99m MIBI. MIBI, with similar
pharmacokinetics to chemotherapeutic drugs such
as doxorubicin, is known to be a substrate of the over-
expressed ABC transporters responsible for MDR
in cancer cells. Therefore, suppression of MDR via
irradiation can be effectively investigated using the
change in intracellular uptake of MIBI. Furthermore,
based on this pharmacokinetic property, a number of
clinical studies have reported that MIBl imaging may be
used to obtain an early estimate of the therapeutic
response to chemotherapy by assessing the cancer MDR
(16-23). In this study, MIBI was used to investigate the
response of MDR in H1299 /wtp53 in vitro. The increase
in intracellular MIBI retention that was observed from
the 4 to 14 days after irradiation is evidence for the
suppression of MDR in H1299/wtp53 due to y-irradia-
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Figura 4. The correlation between RC and CPMin/CPMow at 14 days
after irradiation. We evaluated this relationship between cell
multiplication and MDR using the Spearman correlation coefficient.
A significant negative correlation between RC and CPMin/CPMout
was found.

tion. Furthermore, the amount and duration of MDR
suppression were found to be y-irradiation dose depen-
dent, a finding that we suggest may be important for
clinical chemoradiotherapy. Finally, these in vitro
results are further supported by the in vivo result,
obtained via fluorescent imaging in a mouse model,
that MDR to the uptake of the chemotherapeutic agent
doxorubicin is suppressed by y-irradiation. This result
can be considered as additional evidence for the in vivo
suppression of MDR by y-irradiation in the non-small
lung cancer cell line H1299 /wtp53.

The molecular basis of the effect of irradiation on
MDR is not yet clear. Xie and colleagues (9) have
reported that fractionated irradiation-induced radio-
resistant esophageal cancer cells are more sensitive to
certain types of chemotherapeutic drugs, including
doxorubicin. Our study extends prior reports of MDR
suppression by irradiation. Conversely, it has also been
reported that irradiated cancer cells can develop resis-
tance to chemotherapy. Overexpression of ABC trans-
porters associated with MDR has been observed in
human cancer cell lines after irradiation (26, 27). Bottke
and colleagues (11) have reported that irradiation can
induce functionally relevant MDR gene and protein
expression. Thus, further research is clearly required
to elucidate the molecular basis of the response of
different cancer cell lines to radiotherapy with regard
to MDR.

This study focused on MDR in cancer cells over
the short-time interval of 14 days immediately after
v-irradiation. MDR suppression due to y-irradiation
was observed, both in vitro and in vivo, over this
short interval during which non-small lung cancer
cell replication was also reduced. This set of results
provides additional experimental evidence in sup-
port of the synergistic efficacy of chemoradiotherapy
as reported by clinical studies (4-8). The movement of
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Control
Figure 5. Doxorubicin fluorescent (0 Gy)
imaging. Top, images from the
control group (0 Gy). Bottom,
images from the 9-Gy irradiation
group. Doxorubicin accumulation
in the 9-Gy group was observed at
the irradiated site, the region
enclosed by the white square line. 9-Gy
iradiated

901 x

120 min Color bar
Min = 5e+06

Max = 5e+07

MIBI across the cell membrane for influx is passive
transport by diffusion and for efflux is active transport
by the ABC transporters which are overexpressed
in cancer cells resulting in MDR. The current hypo-
thesis is that y-irradiation disrupts, in some manner,
the cellular active transport process. However, to
date, to the best of our knowledge, no studies have
been published with regard to this hypothesis. In this
article, we did not investigate how the underlying
molecular mechanisms are affected by y-irradiation.
However, based on the negative correlation between
cancer cell replication and MIBI accumulation, we
suggest that y-irradiation may cause MDR-related pro-
tein damage or suppression of the active transporter’s
metabolic function.
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Figure 8. The ROlir/ROlnir in doxorubicin fluorescent imaging. *, P < 0.05.
Values expressed as mean (SD); n = 5.

Conclusion

MDR in the non-small lung cancer cell line H1299/
wtp53 was suppressed after vy-irradiation. The
amount and duration of the suppression depended
on the y-irradiation dose. A statistically significant
negative correlation was found between cell replica-
tion and MDR suppression after y-irradiation in this
cell line.
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CLINICAL STUDY

Radiation Dose of Nurses during IR Procedures:
A Controlled Trial Evaluating Operator Alerts before

Nursing Tasks
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ABBREVIATIONS

H. = 1-cm dose equivalent at the sternal level on the outside of the lead apron, Hy = 1-cm dosé equivalent at the umbilical level
inside the lead apron, Hg = effective dose of nonuniform exposure (Hg = 0.11 H, + 0.89 Hp)

Komemushi et al (1) prospectively investigated the radi-
aion dose in nursing tasks associated with interventional
radiology procedures, and they reported that the
effective dose per procedure was 0.14 puSv. Radia-
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tion exposure of nurses in interventional radiology
procedures is mainly accounted for by the exposure
that occurs when approaching patients during fluo-
roscopy. If nurses call out to the operator before
approaching the patient, the operator can potentially
halt the fluoroscopy and reduce unnecessary exposure to
nurses. The aim of this study was to compare nurses’
exposure when performing nursing tasks associated with
interventional radiology procedures depending on
whether or not the nurses called out to the operator
before approaching the patient.

MATERIALS AND METHODS

This study was approved by the Ethics Committee of the
authors’ institution. All patients and all nurses provided
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their written informed consent. All nursing tasks in
interventional radiology procedures were performed
under the management of a radiation protection subchief
at the authors’ institution who held a First Class
Radiation Protection Supervisor qualification. This
study was registered with University Hospital Medical
Information Clinical Trials Registry (UMIN000012328).

Sample Size

The sample size needed to evaluate radiation dose when
comparing the mean values of continuous variables that
conformed to a normal distribution in the two groups
being tested using Student ¢ test, assuming a mean value
of pl = 0.5 in the control group, p2 = 0.1 in the
comparison group, and SD ¢ = 0.5, and taking o = .05
and power = 80%, was n = 26 in the control group and
n = 26 in the comparison group, for a total sample size
of n = 52. In our institution, the number of procedures
in a typical month is 30, and so the study duration was
set at 3 months to ensure a sufficient number of patients,
anticipating variation in the number of procedures
and protocol divergence. All nurses participating in this
study were women.

All nursing tasks during interventional radiology
procedures performed in our hospital during the period
from March through May 2012 were investigated.
Interventional radiology procedures were randomly div-
ided into a call group (in which the nurse called to the

operator before approaching the patient) and a no-call
group. The randomized allocation sequence was con-
cealed from all nursing staff until interventions were
assigned. The random allocation sequence was generated
by computer software (Microsoft Excel 2010; Microsoft
Japan Co, Ltd, Tokyo, Japan). A.K. enrolled partic-
ipants and assigned participants to interventions.
Radiation doses during nursing tasks were measured
for all nurses engaged in nursing procedures. Radiation
doses of operators were also measured. In the call group,
the nurse first told the operator she was going to
approach the patient each time she was about to do so.
In the no-call group, the nurse did not say anything to the
operator when she was about to approach the patient.
For each interventional radiology procedure, the name of

the procedure and the fluoroscopy time were recorded.

When engaged in interventional radiology procedure
nursing tasks, the nurses wore radiation protective lead
aprons (lead equivalent, 0.25 mm Pb) (1.LO-S; Hosina Co,
Tokyo, Japan). Electronic pocket radiation dosime-
ters (PDM-117; Aloka Co, Ltd, Tokyo, Japan) were
attached at the sternal level on the outside of the
radiation protective lead apron and at the umbilical
level inside the apron (Fig 1). The parameters of the
electronic pocket radiation dosimeters were as follows:
energy threshold, 20 keV; detector, silicon solid-state;
energy response, 30 keV to 3 MeV within *+30%
(calibrated by 40 keV of x-rays using a slab phantom);
accuracy, within +20% (10-9,999 pSv) (calibrated by 40

Figure 1. Radiation dose measurement. Radiation doses were measured using electronic personal dosimeters attached on the outside
at the sternal level and inside at the umbilical level of lead aprons. The doses were assessed in terms of equivalent dose penetrating at

10-mm tissue depth outside (H,) and inside the lead apron (Hp).
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keV of x-rays using a slab phantom); linearity, within
*+10% (up to 30 mSv/h), within *£20% (30-100 mSv/
hour), complying with International Commission
on Radiological Protection Publication No. 74. At the
completion of the nursing tasks for each procedure, the
measured values of the electronic pocket radiation
dosimeters for the l-cm dose equivalent at the sternal
level on the outside of the lead apron (H,) and the l-cm
dose equivalent at the umbilical level inside the lead
apron (Hy) were recorded. Based on the 1990 recom-
mendations of the International Commission on Radio-
logical Protection (2), the effective dose (Hg) was
calculated using the formula Hg = 0.11 H, + 0.89 H,
for calculating Hg related to external exposure when
exposure is nonuniform (3.4).

The nursing tasks performed in interventional radiology
procedures included helping the patient to move, sterilizing
puncture sites, observing patient condition, recording vital
signs and the progress of the procedure, handing sterilized
devices and medical agents to the operator, managing drip
infusions, and administering intravenous medical agents.
During fluoroscopy, nursing tasks that required the nurse to
approach the patient were avoided as much as possible. A
workbench for nurses was set up in the examination room,
and the recording tasks were done on this workbench. As a
rule, nursing tasks during procedures were done in the
examination room, but nurses left the examination room
during digital radiography and computed tomography (CT)
scans. Figure 2 shows the layout of the examination room.
No protective screen was set up between the x-ray tubes
and workbench. The nurses” workbench was arranged so
that their standard work position was on a straight line with
the x-ray tubes and operator. Even when the operator
moved away from a straight line with the x-ray tubes and
workbench, the spatial dose at the nurses’ workbench was
< 0.1 pSv/min during radioscopy.

IR Procedure
Four physicians performed the examinations: a part-
time board-certified interventional radiologist who had

layoutof the angiographicroom

2.64m
G-arm
CT @ fluoroscopy table
3.9m = 5.44m
3“7'\.\
%6
N

2.64m

Figure 2. Layout of the angiographic room.

been a licensed physician for 39 years, a full-time board-
certified interventional radiologist who had been a
licensed physician for 15 years, a full-time radiologist
who had been a licensed physician for 9 years, and a
part-time emergency medicine physician who had been a
licensed physician for [2 years. All of these physicians
performed the interventional radiology procedures
with due care for radiation protection. All procedures
were done under the management of a full-time board-
certified interventional radiologist who had been a li-
censed physician for 1S years.

All interventional procedures were performed under
a unified CT and angiography system (Advantx-ACT;
GE Healthcare, Milwaukee, Wisconsin), which com-
bines angiographic equipment (Advantx-LCA+; GE
Healthcare) and CT equipment (HiSpeed LX/i; GE
Healthcare) with a single fluoroscopy table (Omega 4
Angio Step; GE Healthcare). The system was not
equipped with a CT fluoroscopy function. A movable
x-ray protective shield was used to protect the physician
performing the procedure from scattered radiation from
the patient. The fluoroscopy table was equipped with a
protective shield to protect the physician’s lower body
from scattered radiation. A protective shield to shield the
nurse from scattered radiation was not used.

Statistical Analysis

H., Hp, Hg, fluoroscopy time, and procedure content
were investigated. Bias between the two groups in the
procedures was evaluated using y° test. Fluoroscopy
time and radiation dose were evaluated with one-way
analysis of variance. A P value < .05 was considered
significant. All analyses were performed using StatView
for Windows (Version 5.0; SAS Institute Inc, Cary,
North Carolina). .

RESULTS

During the study period, 93 procedures were performed.
One nurse performed nursing tasks in 79 of 93 procedures,
and two nurses performed nursing tasks in 14 of 93
procedures, for a total of 107 nurse-procedures performed.
In the call group, 50 procedures and 58 nurse-procedures
were performed. In the no-call group, 43 procedures and
49 nurse-procedures were performed. These nursing tasks
were performed by five nurses. The radiation doses of
nurses and operators were measured in all procedures.

The largest number of interventional radiology pro-
cedures involved transarterial treatments for hepatocel-
lular carcinoma. There were no significant differences in
the procedures performed in the two groups (P = .70)
(Table 1).

The fluoroscopy time per procedure was 10.15 min =
7.5 in the call group and 12.1 min * 8.3 in the no-call
group. There was no significant difference between the
groups (P = .244) (Table 2).
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The operator dose of H, was 8.88
procedure in the call group and 8.79

13.38 pSv/
12.70 pSv/

*
*

procedure in the no-call group, the operator dose of Hy,
was 0.48 = 1.03 pSv/procedure in the call group and 0.65
+ 1.45 pSv/procedure in the no-call group, and the
operator dose Hg was 1.40 = 1.96 uSv/procedure in the

Call Group No-Call Group

Transarterial 31 28

chemoembolization/

transarterial infusion
Angiography 6 8
Trauma of spleen 1
Trauma of pelvis 1
Vascular stent 1
Balloon angioplasty for 1

dialysis access
Implantation of central venous 1 1

port catheter system
Measurement of portal vein 1

pressure
Venous sampling 1
Biopsy 4 2
Drainage 4 2
Total 50 43
Emergency procedure 3 (6.0%) 2 (4.7%)

call group and 1.55 * 2.54 puSv/procedure in the no-call
group. There were no significant differences between the
groups (H,, P = .973; Hy, P = .509; Hg, P = .761)
(Table 2).

In all the nursing tasks, the equivalent dose at the
umbilical level inside the radiation protective lead
apron (Hy) was below the detectable limit. The equiv-
alent dose at the sternal level outside the lead apron
(H,) was 0.16 = 0.41 pSv/nurse-procedure in the call
group and 0.51 £ 1.17 pSv/nurse-procedure in the no-
call group. The radiation dose was significantly lower in
the call group (P = .034). The effective dose (Hg) with
nonuniform exposure was 0.018 = 0.04 pSv/nurse-
procedure in the call group and 0.056 = 0.129 pSv/
nurse-procedure in the no-call group. The call group
had a significantly lower radiation dose (P = .034)
(Table 2). No significant difference was seen in nursing
task radiation dose among any of the operators (P =
.172) or nurses (P = .571).

DISCUSSION

The dosage rate near the x-ray tubes during fluoroscopy
is exceedingly high (5). Most of the radiation exposure
during nursing tasks in interventional radiology proce-
dures is thought to occur when the nurse approaches the
patient during fluoroscopy. When nurses are going to
approach patients, it is thought that if they alert the
operator to this beforehand, the operator can halt the
fluoroscopy, and unnecessary exposure of nurses can

Fluoroscopy time (min/procedure)

Operator’s equivalent dose outside lead apron (H,) (pSv/procedure)

Operator’s equivalent dose inside lead apron (Hy) (pSv/procedure)

Operator's effective dose (HE = 0.11 H, + 0.89 H,) (uSv/procedure)

Nurse's equivalent dose outside lead apron (H,) (1Sv/nurse-procedure)

Nurse’s equivalent dose inside lead apron (Hy) (pSv/nurse-procedure)

Nurse’s effective dose (He = 0.11 H, + 0.89 Hp) (uSv/nurse-procedure)

Call Group No-Call Group ANOVA
10.15 £ 7.5 12.1 £ 83 P =.244
0-29.6 (range) 0-29.4 (range)

8.85 {median) 11.4 {median)
8.88 *+ 13.38 8.79 = 12.70 P=.973
0-72 (range) 0-76 {range)
4 (median) 5 (median)
0.48 = 1.03 0.65 = 1.45 P = .509
0-5 (range) 0-7 (range)
0 (median) 0 (median)
140 = 1.96 1.65 = 2.54 P =.761
0-8.8 (range) 0-14.6 (range)
0.44 {(median) 0.66 (median)
0.16 = 0.41 0.51 = 1.17 P = .034
0-2 (range) 0-6 (range)
0 (median) 0 {median)
Below detectable limit  Below detectable limit NA
in all cases in all cases
0.0176 = 0.045 0.0561 = 0.129 P=.034
0-0.22 (range) 0-0.66 (range)
0 (median) 0 (median)

ANOVA = analysis of variance; H, = 1-cm dose equivalent at the sternal level on the outside of the lead apron; H, = 1-cm dose
equivalent at the umbilical level inside the lead apron; Hg = effective dose of nonuniform exposure (Hg = 0.11 H, + 0.89 H,,); NA = not

applicable.
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be reduced. In this study, the radiation dose was
significantly lower in nurses in the call group.

Chida et al (6) recommended using two monitoring
badges for occupational exposure for interventional
radiology procedures. Two monitoring badges were
also used in the present study to calculate the effective
dose of nurses.

There are differences among reports on radiation
doses of nurses. We previously reported that the radia-
tion dose of nurses in interventional radiology proce-
dures was an effective dose of 0.14 uSv/procedure (1).
Chida et al (6) reported that the effective dose of nurses
in interventional radiology procedures was 1.41 pSv/
procedure, and Korir et al (7) reported that the effective
dose of nurses in interventional radiology procedures
was 30-1,160 pSv/procedure. In this study, the radiation
dose of nurses in interventional radiology procedures
was much smaller than in past reports in both the call
group and the no-call group.

During the study period, the people involved may
have had a higher awareness of radiation exposure than
usual, and they may have taken more care than usual to
protect against radiation exposure. Racadio et al (§)
reported that a radiation dose monitoring system that
provides real-time feedback to the staff can significantly
reduce radiation exposure to the primary operator.

The possible limitations of this study include the
following. The study was done with a limited number
of operators and a limited number of nurses in a single
institution. The measured radiation doses in this study
were very low, and it may be that there were exposures
below the detectable limit of the measuring instru-
ments that were not measured. Limitations existed in
the method of calculating the effective dose used in
this study.

In conclusion, a prospective comparison of the radi-
ation dose to nurses when performing nursing tasks

associated with interventional procedures depending on
whether or not they called to the operator before they
approached patients was conducted. Radiation doses of
nurses were kept low in the group in which the nurse
called to the operator before she approached the patient.
Radiation doses of nurses in this study were much lower
than in previous studies.
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Abstract

Purpose To report the technical results and imaging
findings of intranodal lymphangiogram (INL).

Materials and Methods we studied four patients (three
men, one woman) who had persistent chylous leakage
despite conservative treatment after esophageal cancer
surgery. Their mean age was 68 years (range 61-74 years).
The inguinal or femoral lymph node was punctured under
ultrasound guidance using a 60-mm-long, 23-gauge needle.
If the lipiodol injected via the needle showed granular
nodules on fluoroscopy, lipiodol injection was continued
manually at a rate of 1 mL/3 min for INL. If the cisterna
chyli was detectable on the lymphangiogram, it was
punctured percutaneously via the abdomen by a needle
under fluoroscopy, and thoracic duct embolization was
performed.

Results INL was successful in all patients. Lymphatico-
venous anastomoses at the femoral or pelvic region were
confirmed in all four patients. In one case, a different
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ipsilateral lymph node was punctured because major flow
of lipiodol into the veins through a lymphaticovenous
anastomosis occurred. Catheter cannulation and emboli-
zation were successful for three of the four patients. In
unsuccessful procedures, the cisterna chyli was not visu-
alized, and puncture was not possible.

Conclusions INL succeeded in all patients. Lipiodol
leaked into the vein through a lymphaticovenous anasto-
mosis at the femoral or pelvic region in all patients.

Keywords Chylothorax - Intranodal
lymphangiogram - Pulmonary embolization -
Thoracic duct embolization

Introduction

Percutaneous thoracic duct embolization (TDE) using
bilateral pedal lymphangiogram for high-output chylotho-
rax was first reported by Cope et al. [1] in 1999. The
problem with TDE is that the bilateral pedal lymphangio-
gram required for this procedure has not been commonly
performed in recent years. As a way to overcome this
problem, Nadolski and Itkin [2] reported a method of
performing TDE using intranodal lymphangiogram (INL).
However, there is little information on the technical
methods of INL. The objective of this study was to present
our technique of INL for TDE.

Materials and Methods

The study protocols for this retrospective analysis were
approved by our institutional review board. The require-
ment for informed consent was waived. Data were gathered
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Table 1 Demographic data, treatment before TDE, and volume of effusion drainage
Patient no. Sex Age (years) Conservative treatment Surgical thoracic duct ligation after Pre-TDE
conservative treatment drainage
- - (mL/day)
Duration  Pretreatment Posttreatment Performed Postoperative
(days) drainage (mL/day)) drainage (mL/day) drainage (mL/day)
1 M 67 166 2,500 1,500 No - 1,500
2 F 74 30 3,500 2,500 Yes 4,000 4,000
3 M 71 28 2,000 3,000 No - 3,000
4 M 61 51 600 600 Yes 600 600

TDE thoracic duct embolization

retrospectively by reviewing clinical records, including
images.

Patients

The subjects comprised four patients with esophageal
cancer. In patients one, two, and three, esophagectomy was
performed. In patient four, because cancer progression was
confirmed after thoracotomy, esophagectomy was not
performed. Three patients (patients one, two, and three)
developed high-output chylothorax with daily chest drain
output of >1,000 mL/day after the surgery. One patient
(patient four) had chylous leakage of 600 mL/day at the
incision site. In patients two and four, a second surgery of
thoracic duct (TD) ligation was performed for the chylous
leakage. Because chylous leakage persisted despite the
second surgery or conservative treatment, TDE was per-
formed in all patients. Table 1 shows the subjects’ demo-
graphic data, TDE pretreatment, and amount of effusion
drainage before and after conservative treatment and TD
ligation.

Intranodal Lymphangiogram

A high-frequency (13 MHz) superficial linear transducer
and a diagnostic ultrasound device (Prosound 3500SX and
UST-5413, Hitachi Aloka Medical, Tokyo, Japan) were
used to visualize the lymph nodes. Local anesthesia of the
puncture site was administered with 1 % lidocaine; then
the inguinal or femoral lymph node was punctured under
ultrasound guidance using a 60-mm-long, 23-gauge Cath-
elin needle (Terumo Europe, Leuven, Belgium). The
puncture was made so that the tip of the needle was placed
at the junction between the cortex and the hilum. Lipiodol
was then injected manually, with the tip of the needle
monitored under fluoroscopy (Axiom Artis dTA, Siemens
Medical Solutions, Erlangen, Germany) when injection
was started. If the injected lipiodol showed granular nod-
ules on fluoroscopy at the start of injection and the lym-
phatic vessels continuous with them were visualized, the

lymph node puncture was judged to be successful, and
injection was continued (Fig. {A). If enhancement of
spreading lobulated nodular pooling with no visualization
of lymphatic vessels indicated that the puncture was
unsuccessful, injection was stopped, and the lymph node
was repunctured (Fig. {B). Lipiodol injection was contin-
ued manually at a rate of 1 mL/3 min and stopped at the
point at which the lymphatic vessels at the level of the third
lumbar vertebra were visualized. During injection, fluo-
roscopy was used intermittently to confirm that the injected
lipiodol was entering the lymphatic vessels. Continuous
fluoroscopy was not used to avoid excessive radiation
exposure. Leakage of lipiodol from the puncture site was
tolerated as long as it was also entering the lymphatic
vessels. If there was no flow of lipiodol into the lymphatic
vessels despite its injection, puncture was repeated at a
different lymph node. The presence of lymphaticovenous
anastomoses was confirmed by fluoroscopy. In the event of
major flow of lipiodol into the veins through lymphatico-
venous anastomoses, injection was halted, and a different
ipsilateral lymph node was punctured or only the contra-
lateral lymph node was used for injection.

Transabdominal TDE

Local anesthesia of the skin at the puncture site was
achieved with 1 % lidocaine. Antibiotics were not pro-
vided. The cisterna chyli was punctured percutaneously via
the abdomen by inserting the needle at an angle of
approximately 10-20 degrees toward the head under fluo-
roscopy. A 22-gauge, 20-cm Chiba needle (Angiotech,
Gainesville, FL) was used for the puncture. A 0.016-inch
wire (Iris, Piolax Medical Devices, Kanagawa, Japan) was
inserted and advanced into the TD. A 2.2F microcatheter
(Sirabe, Piolax Medical Devices) was advanced into the
TD over the wire. Iodinated contrast medium (iopamidol,
Iopamiron 370, Bayer Schering Pharma, Berlin, Germany)
was manually injected via the catheter for contrast
enhancement of the TD. The site of leakage and the loca-
tion of occlusion of the TD were confirmed. The tip of the
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Fig. 1 A 74-year-old woman underwent thoracic duct embolization
(TDE) after developing high-output chylothorax after esophagectomy
for esophageal cancer. Intranodal lymphangiogram was performed for
TDE. A Lipiodol is manually injected via the Cathelin needle. The
lymph node shows enhancement of the granular nodule (white arrow),

microcatheter was advanced to a position as close as pos-
sible to the site of leakage. N-Butyl cyanoacrylate (NBCA)
mixed with lipiodol was used as the embolization material.
Once the NBCA had reached the site of leakage, the TD,
cisterna chyli, and puncture route were all embolized with
NBCA while the catheter was being withdrawn.

Results

Table 2 shows the results of lymphangiogram. INL was
successful in all patients. In patients two and three, the
numbers of failed punctures were one and two, respectively.
Lymphaticovenous anastomoses at the femoral or pelvic
region were confirmed in all four patients. In patient four, a
different ipsilateral lymph node was punctured because
major flow of lipiodol into the veins through a lymphatico-
venous anastomosis occurred (Fig. 2). There were no clini-
cal findings of pulmonary embolization in all four patients.
In all patients, continuity between the TD and veins was
interrupted as a result of surgical ligation of the TD.
Catheter cannulation and embolization were successful
for three of the four patients. In patient three, in whom the

@ Springer

and the lymphatic vessels continuous with it are detected (black
arrowheads). Lymph node puncture is successful. Cathelin needle
(black arrow). B A spreading lobulated nodular pooling (white
arrowhead) with no visualization of lymphatic vessels indicates that
lymph node puncture is unsuccessful. Cathelin needle (black arrow)

cisterna chyli was not visualized, cannulation of the TD
was not possible, and TDE was not achieved. In this case,
lipiodol drained into the TD via a collateral channel from
the lumbar lymphatic vessels.

Discussion

Although over a decade has passed since the first report of
TDE, the number of reported TDEs remains relatively low,
and the largest series have been reported from a small
number of institutions [3, 4]. It has been suggested that this
may be due to the technical difficulty involved in lymph-
angiogram and cannulation of the TD. Bilateral pedal
lymphangiogram has been performed with decreasing fre-
quency over the past 20 years, with fewer doctors now able
to carry out this procedure, and lymphangiogram pumps
are difficult to obtain [5]. INL, which was first reported in
1967, requires neither special equipment nor incisions [6].
There have been few subsequent reports of its use, how-
ever, and it has not been generally used for diagnostic
lymphangiogram. This may be because of the difficulty of
lymph node puncture. This problem may have been solved

_79._



S. Kariya et al.: Intranodal Lymphangiogram 1609
Table 2 Results of lymphangiogram

Patient no.  Bilateral lymph  No. of failed lymph  Total volume of Presence of LVA  Lymphangiography =~ Complications

node injection node punctures lipiodol injected (mL)

1 Successful 0 14 Yes Successful No

2 Successful i 17 Yes Successful No

3 Successful 2 10 Yes Successful No

4 Successful 0 16 Yes Successful No

LVA lymphaticovenous anastomosis

Fig. 2 A 61-year-old man with chylous effusion leakage of 600 mL/
day at the incision site after surgery for esophageal cancer. Intranodal
lymphangiogram for thoracic duct embolization is performed. A The
inguinal node (white arrows) is punctured, and then lipiodol is
injected. Lymphatic vessels are visualized. However, injection is

by the improved performance of the latest ultrasound
devices, which enable even impalpable lymph nodes to be
punctured under ultrasound guidance. Compared with
bilateral pedal lymphangiogram, INL shortens the time
required and does not require a lymphangiogram pump [2].

In the present cases, lymphaticovenous anastomoses in
the femoral or pelvic region were confirmed in all four
patients under fluoroscopy. Peripheral lymphaticovenous
anastomoses have also been reported in bilateral pedal
lymphangiogram, as has the rare complication of pul-
monary embolization {7, 8]. When bilateral pedal lymph-
angiogram was performed in the past, it is probable that
plain X-rays were normally obtained after injection,
meaning that lymphaticovenous anastomoses could not be
confirmed because still images were obtained. We do not
know how much inflow of lipiodol into the veins through

|
i
%§
z

halted because major flow of lipiodol into the veins through
lymphaticovenous anastomosis has occurred. Dots are lipiodol in
the vein (black arrow). B Another ipsilateral lymph node is punctured
(black arrowhead)

lymphaticovenous anastomoses was tolerated, and to our
knowledge, it has yet to be reported. With both bilateral
pedal lymphangiogram and INL, most of the lipiodol that
passes through the TD flows into the veins, and pulmonary
oil embolization occurs. When lipiodol leaks into the vein
through lymphaticovenous anastomoses, pulmonary oil
embolization also occurs. If a lymphaticovenous anasto-
mosis is confirmed, injection of lipiodol might have to be
stopped at once to prevent severe pulmonary embolization.
However, we did not stop injection. Because some of the
injected lipiodol remains in lymph nodes and lymphatic
vessels, the amount that actually flows into the veins is
unknown. Even so, with lymphangiogram that is normally
conducted with <20 mL of lipiodol, pulmonary oil
embolization does not cause symptoms unless respiratory
function is severely impaired. We therefore considered the
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lipiodol that flowed into veins through lymphaticovenous
anastomoses to also be acceptable. However, the safety and
tolerance of the leakage of lipiodol into the veins are still
unclear. The purpose of INL is to visualize the lymphatic
vessels, cisterna chyli, and TD, and this cannot be achieved
if much of the lipiodol injected via lymphaticovenous
anastomoses flows into the veins. Therefore, injection was
stopped when a large amount of lipiodol entered the veins.
However, whether to discontinue injection was determined
by the operator on the basis of fluoroscopic findings,
without any clear criteria.

When lipiodol is injected until the lymphatic vessels at
the L3 level are visualized, the amount is sufficient to
enable visualization of the cisterna chyli and TD, which is
necessary to perform TDE. When lymphatic vessels at the
level of L3 are visualized, the cisterna chyli will soon be
visualized, and this is a good time to start the TDE pro-
cedure. If injection is continued until the cisterna chyli is
visualized, lipiodol will pass through the TD before the
next TDE, and lipiodol that is not needed to perform the
TDE procedure will have been injected.

Lymph node puncture failed three times and was redone.
Ultimately, the lymph node puncture was successful in all
cases, and INL could be obtained. When puncture fails and
a large amount of lipiodol leaks into the area surrounding
the lymph nodes, repeat puncture of a lymph node in the
same area becomes difficult. It is important to stop injec-
tion when fluoroscopic images at the start of lipiodol
injection reveal spreading lobulated nodular pooling with
no visualization of lymphatic vessels.

Limitation

This study had the limitation that it was a retrospective
study involving a small number of patients.

@ Springer

Conclusions

INL succeeded in all patients. Lipiodol leaked into the vein
through a lymphaticovenous anastomosis at the femoral or
pelvic region in all patients. In 3 of the 4 patients, the
cisterna chyli was detected by INL and could be punctured,
and TDE was achieved.
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