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ABSTRACT

Purpose: Before yttrium-90 (90Y) radioembolization administration, the authors consolidated arterial inflow by embolizing variant
hepatic arteries (HAs) to make microsphere delivery simpler and safer. The present study reviews the technical and clinical success
of these consolidation procedures.

Materials and Methods: Preparatory and treatment angiograms were retrospectively analyzed for 201 patients. Variant HAs were
coil-embolized during preparatory angiography to simplify arterial anatomy. Collateral arterial perfusion of territories previously
supplied by variant HAs was evaluated by digital subtraction angiography (DSA), C-arm computed tomography (CT), and
technetium-99m (99mTc)–macroaggregated albumin (MAA) scintigraphy, and by follow-up evaluation of regional tumor response.

Results: A total of 47 variant HAs were embolized in 43 patients. After embolization of variant HAs, cross-perfusion into the
embolized territory was depicted by DSA and by C-arm CT in 100% of patients and by 99mTc-MAA scintigraphy in 92.7%. Uniform
progressive disease prevented evaluation in 33% of patients, but regional tumor response in patients who responded supported
successful delivery of microspheres to the embolized territories in 95.5% of evaluable patients.

Conclusions: Embolization of variant HAs for consolidation of hepatic supply in preparation for 90Y radioembolization promotes
treatment of affected territories via intrahepatic collateral channels.

ABBREVIATIONS

99mTc � technetium-99m, CHA � common hepatic artery, CR � complete response, DSA � digital subtraction angiography,
EORTC � European Organization for Research and Treatment of Cancer, GDA � gastroduodenal artery, HA � hepatic
artery, LHA � left hepatic artery, MAA � macroaggregated albumin, PD � progressive disease, PET � positron emission
tomography, PHA � proper hepatic artery, PR � partial response, RECIST � Response Evaluation Criteria In Solid Tumors,

RHA � right hepatic artery, SD � stable disease, SMA � superior mesenteric artery, SPECT � single photon emission CT
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Radioembolization is becoming a preferred option for in-
traarterial treatment of hepatic malignancy (1). However,
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epatic artery (HA) anatomy is highly variable, and as
any as 45% of patients may exhibit nonstandard anatomy
ith portions of the liver supplied by variant HAs (2). In the
resence of multifocal hepatic neoplasia, intended tumor
argets may be supplied by standard and variant HAs,
aking it impossible to radioembolize all targets by admin-

stration from one arterial site. Each site of catheterization
nd administration requires a complete delivery setup and
atheter, introduces risk of nontarget radioembolization or
ontamination, and produces radioactive waste (3).

Preexisting intrahepatic collateral pathways can result in
ntrahepatic recruitment of blood flow from one segment or
obe to another (4–10). Surgical or endovascular elimination
f variant arterial anatomy rarely causes ischemia or hypoper-

usion of the liver (4,6–8). Intentional elimination of variant

mailto:dansze@stanford.edu
http://www.jvir.org


a
r

b
w
t
o
a
s
v
(
s
I
0
p
P
l
w
v
s
s
c
s
r

I

V
A
D
P
s
i
v
a
s
e
f
i
c
b
u
a

e
o
a
r
I
i
T
S
p
i
p
d
v
[
t

Volume 22 � Number 10 � October � 2011 1365
arteries could potentially amalgamate the HA inflow into one
major artery, simplifying the administration and improving the
completeness of intraarterial therapy (7). Consolidation of in-
flow could also improve safety of administration of radioembolic
microspheres in patients with variant HAs by preventing reflux
into the left gastric, gastroduodenal, and superior mesenteric vas-
cular beds. We hypothesized that intrahepatic collateral pathways
are robust enough to allow passage of 30-�m microspheres so
that tumors originally perfused by variant HAs could be treated
via these pathways after elimination of the variant HAs. We
retrospectively reviewed the results of our attempts to consolidate
arterial inflow by analyzing postembolization imaging (digital
subtraction angiography [DSA], C-arm cone-beam computed to-
mography [CT], and technetium-99m [99mTc] macroaggregated
lbumin [MAA]–scintigraphy) and evaluating differential territo-
ial tumor response.

MATERIALS AND METHODS

Patient Cohort
We retrospectively reviewed all preparatory and treatment angio-
grams in 201 patients treated for unresectable hepatic malignancy
from June 2004 to November 2010. Patients ranged in age from
20 to 92 years (mean, 60.1 y; median, 61 y), and underwent
radioembolization treatment with SIR-Spheres (Sirtex, Lane
Cove, Australia) or TheraSphere (MDS Nordion, Ottawa, On-
tario, Canada). Iterative data on seven patients who underwent
repeat radioembolization were also included. All data were han-
dled in compliance with the Health Insurance Portability and
Accountability Act. The institutional review board of the authors’
institution approved this retrospective study.

Angiography and Classification of

Arterial Anatomy
Mesenteric arterial anatomy was previewed on all preproce-
dural cross-sectional imaging (CT or magnetic resonance
[MR] imaging). All patients underwent abdominal aortogra-
phy with injection of contrast medium at the level of T8 to
portray intra- and extrahepatic vessels supplying the liver.
DSA and contrast-enhanced C-arm CT were performed while
injecting contrast medium into the dominant HA (ie, proper
HA [PHA] or common HA [CHA]), and hepatic territories
devoid of enhancement were identified. Selective catheteriza-
tion of the mesenteric vessels confirmed the anatomy of the
superior mesenteric artery (SMA), CHA, PHA, gastroduode-
nal artery (GDA), left HA (LHA), and right HA (RHA).
Anatomy was identified as standard, accessory (ie, segmental
or subsegmental variant supply), or replaced (ie, lobar or
whole-liver variant supply). Patients were categorized accord-
ing to the Michels classification (2) (Appendix, available
online at www.jvir.org); a few rare variants not included in
Michels classification were also identified and catalogued.

Consolidation of Inflow by Embolization
All patients underwent standard HA endovascular skeleton-

ization to eliminate visible hepaticoenteric routes of possi- b
le nontarget radioembolization. In addition, variant HAs
ere identified and evaluated for suitability for emboliza-

ion to consolidate HA inflow into simpler or safer anat-
my. Before embolization, contrast-enhanced DSA and C-
rm CT were performed to delineate the hepatic territory
upplied by the variant HA and to identify tumors within. The
ariant HAs were embolized with use of 0.018-inch coils
VortX [Target Therapeutics/Boston Scientific, Natick, Mas-
achusetts], Tornado and MicroNester [Cook, Bloomington,
ndiana], and/or Azur [Terumo, Somerset, New Jersey),
.035-inch coils (Tornado and/or Nester; Cook), or vascular
lugs (AMPLATZER or AMPLATZER II; AGA Medical,
lymouth, Minnesota), depending on the size of the embo-

ized artery and the tortuosity of the access. In cases in
hich the dominant tumor burden was supplied by a large
ariant HA, the standard HA was the one embolized, re-
ulting in consolidated supply from the variant HA. Con-
olidation by embolization was performed only if doing so
ould result in fewer sites of administration, improved
electivity of treatment, and/or reduced risk of nontarget
adioembolization.

maging Evaluation of Consolidation and

ascular Redistribution
fter embolization of targeted variant HAs, contrast-enhanced
SA and C-arm CT were repeated from the main HA (ie,
HA or CHA) to reevaluate completeness of hepatic perfu-
ion. Special attention was paid to confirm restoration of
ntrahepatic perfusion of territories previously supplied by
ariant HAs. From the planned site of yttrium-90 (90Y)
dministration, 1 mCi of 99mTc-MAA was injected for
cintigraphy. Patients underwent planar and single photon
mission CT (SPECT) imaging to calculate lung shunt
raction and to characterize the intrahepatic distribution of
njected tracer. On the day of the treatment procedure,
ontrast-enhanced DSA and C-arm CT were repeated just
efore administration of microspheres. Any evidence of
nsuccessful consolidation was addressed in the same way
s during the preparatory angiography procedure.

Follow-up cross-sectional imaging by CT, positron
mission tomography (PET), or MR imaging was obtained
n all surviving patients 2–3 months after treatment and
pproximately every 3 months thereafter. Individual tumor
esponses were measured by Response Evaluation Criteria
n Solid Tumors (RECIST; version 1.1) for CT and MR
maging or by European Organization for Research and
reatment of Cancer (EORTC) criteria for PET (11,12).
pecifically, radiographic response of individual tumors
reviously supplied by a variant HA and now dependent on
ntrahepatic collateral vessels after consolidation were com-
ared with the control response measured in tumors not
ependent on the development of intrahepatic collateral
essels (Fig. 1). Uniform response (complete response
CR], partial response [PR], or stable disease [SD]) of
umors distributed in territories supplied and not supplied

y embolized vessels was interpreted as evidence of suc-

http://www.jvir.org


m
r
t

R

A
A
1

1366 � Hepatic Artery Inflow Consolidation before 90Y Embolization Abdelmaksoud et al � JVIR
cessful distribution of radioembolic microspheres via intra-
hepatic collateral vessels into territories originally supplied
by variant HAs. Inferior response of tumors distributed in
territories previously supplied by variant HAs compared
with responding tumors in the territories not supplied by
embolized vessels was interpreted as unsuccessful delivery
of radioembolic microspheres to these territories.

Uniform progressive disease (PD) of all intrahepatic
tumors (including those previously supplied by variant HAs
and those never supplied by variant HAs) could not be

Figure 1. Assessment of microsphere distribution based on
left-lobe tumor is perfused via intrahepatic collateral circulation
(top), we interpreted this as evidence of good distribution of mi
was noted, with inferior response in the tumor perfused by
inadequate distribution of microspheres. If all tumors uniformly
because even direct administration in the right lobe did not
resistance to radioembolization.
interpreted in evaluating the success of consolidation and w
icrosphere delivery because such progression indicated
adioembolization-resistant tumor biology, and even tumors
hat directly received microspheres showed PD.

ESULTS

rterial Anatomy in Patient Cohort
total of 73 patients (36.3%) had variant HAs; the other

28 patients (63.7%) had standard HA anatomy or under-

raphic tumor response is modeled in this liver in which the
mbolization of a variant LHA. If all tumors responded positively
eres through the collateral circulation. If asymmetric response
eral circulation (middle), we interpreted this as evidence of
ssed (bottom), distribution of microspheres was not evaluable

in therapeutic response, suggesting poor tumor biology and
radiog
after e
crosph
collat
progre

result
ent previous resection that eliminated variant HAs. The
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73 patients had a total of 85 variant HAs amenable to
consolidation (42 men, 31 women; age range, 22–81 y).
Details about demographics, type of radioembolization mi-
crosphere used, and territory of liver treated are listed in
Table 1. The majority of patients had diffuse bilobar met-
astatic disease and required whole-liver treatment. Single-
session whole-liver treatment was frequently performed to
limit the potential for tumor progression in an untreated
lobe, and also to minimize reimbursement issues. Of the 73
patients who had variant HAs, the majority 61 (83.6%)
exhibited only a single variant artery, and 12 (16.4%) had
two variant HAs. The distribution of variant HAs according
to the Michels classification is listed in an Appendix avail-
able online at www.jvir.org.

A total of 38 variant HAs in 37 patients underwent coil
embolization to consolidate the HA vasculature, and pa-
tients and individual variant HAs embolized are listed in
Table 2 and diagrammed in Figure 2. Not all patients who
underwent consolidation had variant HAs embolized, as
some had dominant tumor supply from the variant HA and
therefore underwent consolidative embolization of the
nonvariant artery instead. Eight patients (18.6%) under-
went embolization of a nonvariant artery, including six

Table 1. Patient Demographics and Treatment Details in
Patients with Variant Hepatic Artery

Parameter Value

Age

Mean 59.7

Range 22–81

Sex (M/F) 42/31

Tumors 73 (100)

Primary (HCC, cholangiohepatoma) 19 (26.7)

Metastatic* 54 (73.3)

Type of microsphere used

SIR-Spheres 58 (78.7)

TheraSphere 15 (21.3)

Territory of liver treatment

Whole liver (all with SIR-Spheres) 49 (67.1)

PHA or CHA single administration 29 (39.7)

Two lobar administrations, single procedure 15 (20.5)

Two lobar administrations, different sessions 5 (6.8)

Right lobe only 13 (17.8)

Right lobe and segment IV 6 (8.2)

Left lobe only 3 (4.1)

Segment IV only 1 (1.4)

Left lobe and segment VIII 1 (1.4)

Note.—Values in parentheses are percentages. CHA � com-
mon hepatic artery, HCC � hepatocellular carcinoma, PHA �
proper hepatic artery.
* Metastases from colorectal carcinoma, neuroendocrine
carcinoma, ocular melanoma, pancreatic adenocarcinoma,
renal cell carcinoma, urothelial transitional cell carcinoma,
sarcoma, breast carcinoma, lymphoma, or nonsmall cell
lung carcinoma.
middle HAs, two PHAs, and one LHA (Table 2). Two v
atients underwent embolization of a variant and a non-
ariant artery, one underwent embolization of two vari-
nt HAs, and one underwent embolization of two non-

igure 2. Distribution of variant HAs that were embolized for
onsolidation is depicted in light gray. Accessory and replaced
rteries arising from the left gastric artery (LGA) and SMA are
hown as totals. Normal HAs that were embolized for consoli-
ation are shown in dark gray, and include middle HA, LHA, and
HA. Normal arteries were embolized when the tumor burden
as predominantly perfused through a dominant variant HA,
hich was then chosen as the vessel for radioembolic admin-

stration. SplA � splenic artery; MHA � middle hepatic artery.

Table 2. Arteries Embolized for Consolidation in Patients
(N � 43) with Variant HA (N � 47)

Arteries Embolized No. of Pts.

Variant arteries 35 (81.3)

aLHA from LGA 14 (32.6)

rLHA from LGA 10 (23.2)

aRHA from SMA 4 (9.3)

MHA from GDA 2 (4.7)

rRHA from SMA 1 (2.3)

aRHA from CHA 1 (2.3)

aRHA from GDA 2 (4.7)

rLHA from LGA and aRHA from SMA 1 (2.3)

Nonvariant arteries 6 (14.0)

MHA 3 (7.0)

PHA 1 (2.3)

LHA 1 (2.3)

MHA and PHA 1 (2.3)

Variant and nonvariant arteries 2 (4.7)

rLHA and MHA 2 (4.7)

Note.—Values in parentheses are percentages. aLHA �
accessory left hepatic artery, aRHA � accessory right he-
patic artery, CHA � common hepatic artery, GDA � gas-
troduodenal artery, HA � hepatic artery, LGA � left gastric
artery, LHA � left hepatic artery, MHA � middle hepatic
artery, PHA � proper hepatic artery, rLHA � replaced left
hepatic artery, rRHA � replaced right hepatic artery, SMA �
superior mesenteric artery.
ariant arteries.

http://www.jvir.org
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The other 34 variant HAs (40%) in 30 patients
(41.1%) were not embolized for consolidation: 15 pa-
tients with 16 variant HAs underwent whole-liver treat-
ments involving division of the dose between a normal
and a variant HA or between two variant HAs. Two of
these were procedures staged to lessen side effects in
patients in frail condition with poor performance status.
Thirteen were treated by sequential lobar infusions on
the same day to allow administration distal to hepatico-
enteric anastomoses too small to embolize with coils.
Eighteen variant HAs in 15 patients were not embolized
because the patients underwent subselective lobar or
segmental treatments and consolidation was not neces-
sary. Two patients with Michels type IX anatomy did not
require consolidation because they had only single HA
inflow. No patient experienced any adverse events as a
result of arterial consolidation. Overall, 38 of 58 patients

(65.5%) with variant HAs treated with resin micro- p
pheres and five of 15 patients (33.3%) treated with glass
icrospheres underwent consolidative embolization.

valuation of Intrahepatic Collateral

erfusion
wo patients were not evaluable by scintigraphy because
ariant HAs were only discovered at the time of micro-
phere administration, after scintigraphy had already been
ompleted. Upon reviewing the available imaging on the 43
atients with variant HAs who underwent consolidative
mbolization, perfusion of the hepatic territory previously
upplied by the embolized vessel was confirmed by DSA in
3 of 43 patients (100%), by contrast-enhanced C-arm CT
n 39 of 39 patients (100%; the earliest patients in the series
ere treated before the availability of C-arm CT), and by

cintigraphy in 38 of 41 patients (92.7%) (Figure 3). In five

Figure 3. Two years after radical nephrectomy for
renal-cell carcinoma, a 63-year-old man was found
to have pulmonary nodules and extensive hepatic
metastases throughout the right lobe and segment
4. Pulmonary nodules responded to systemic
sunitinib, but hepatic metastases did not. (a) An-
giography revealed a replaced LHA, with segment 4
branches supplying numerous hypervascular tu-
mors (arrow). (b) The replaced LHA was coil-embo-
lized, and follow-up arteriography via the PHA
showed immediate perfusion of the left lobe
through intrahepatic collateral channels. Individual
branches to segments 2, 3, and 4 were clearly iden-
tifiable (arrows). (c) Technetium-99m–MAA scintig-
raphy was performed after injection into the PHA
and showed uptake throughout both lobes, highest
in the hypervascular tumors. Treatment with resin
microspheres was performed by injection into the
PHA. (d) Baseline fluorine-18–fluorodeoxyglucose
PET scan showed intense uptake in segments 4–8.
(e) The patient continued to receive sunitinib ther-
apy. Follow-up PET scan 18 months later showed
complete resolution of hypermetabolic uptake, at-
rophy of the right lobe and medial left lobe, and
hypertrophy of segments 2 and 3, suggesting suc-
cessful delivery of radioembolic microspheres to
segment 4 through intrahepatic collateral channels.
atients, the immediate postembolization DSA and C-arm
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CT studies were equivocal or discordant with one another,
likely because of incomplete immediate development of
intrahepatic collateral flow. The presence of intrahepatic
collateral flow after maturation of collateral channels be-
came unequivocal in all five patients by the time of the
treatment procedure a mean of 17.7 days later. No repeat
scintigraphy was performed on any patients.

Follow-up Assessment of Therapeutic

Effects
Among the patients with variant HA for whom follow-up
imaging was available, 25 were followed by CT, three by
PET only, three by MR imaging, and two by CT and PET.
Uniform PD was found in 11 patients (33.3%) with variant
HAs who had adequate imaging follow-up, and distribution
of microspheres was not evaluable in these patients.

Excluding patients with uniform PD and patients with
insufficient follow-up imaging, uniform PR and SD re-
sponses were found in 21 of 22 patients (95.5%) with
embolized variant HAs (Table 3). Inferior response was
found in only one patient (4.5%), in whom all lesions
regressed more than 30% in diameter (ie, PR by RECIST)
except for the single lesion previously supplied by a variant
HA, which remained stable in size. This lesion was previ-
ously supplied by an accessory right HA originating from
the GDA, and would have posed very high risk to treat via
this route. Embolization of the GDA resulted in recruitment
of collateral flow from the SMA rather than from intrahe-
patic collateral routes, requiring adjunctive coil emboliza-
tion of the SMA branch on the day of treatment. One year
after radioembolization treatment, all other lesions in this
patient had disappeared on CT and were photopenic on PET
scan (ie, CR), but the poorly responding lesion remained
stable in size with a specific uptake value of 4.7 (ie, SD).

Table 3. Perfusion and Tumor Response in Territories
Previously Supplied by Variant HAs

Imaging Modality

Perfusion of Previously Variant-

supplied Territory vs Internal

Control

Homogeneous Hypoperfused

DSA 43 (100) 0

C-arm CT 39 (100) 0
99mTc-MAA scintigraphy 38 (92.7) 3 (7.3)

Response per RECIST

(PR/SD)

21 (95.5) 1 (4.5)

Total with response 22 (66.7)

Uniform PD* 11 (33.3)

Note.—DSA � digital subtraction angiography, MAA � mac-
roaggregated albumin, PD � progressive disease, PR � par-
tial response, RECIST � Response Evaluation Criteria In
Solid Tumors, SD � stable disease.
* Not evaluable for microsphere distribution.
The patient underwent wedge resection of the lesion, and p
urprisingly, histopathologic analysis revealed radioem-
olic microspheres in and around the tumor. Presumably,
he inferior response was caused by a sublethal density of
icrosphere deposition, but no other lesions were resected

or comparison. Although not completely successful, con-
olidation resulted in stabilization of this lesion and allowed
he patient to become a candidate for resection. The other
atient who underwent consolidative embolization on the
ay of treatment showed uniform PD, so microsphere dis-
ribution was not evaluable.

Of the five patients who had equivocal collateral per-
usion by DSA and C-arm CT after embolization but
howed improved perfusion by the day of treatment, three
howed uniform good response, one showed uniform PD,
nd one did not undergo follow-up imaging. Of the three
atients who showed scintigraphic evidence of hypoperfu-
ion of the target territory, uniform PD in two precluded
valuation, but uniform good response in the other patient
uggested adequate delivery of microspheres. This sug-
ested that 99mTc-MAA scintigraphy is an imperfect sim-
lation of microsphere distribution, either because intrahe-
atic collateral channels may exhibit hypertrophy in the
nterim between scintigraphy and the time of treatment, or
he size and biochemical reactivity of MAA particles results
n distribution that does not replicate that of microspheres.

ISCUSSION

epatic radioembolization with 90Y-impregnated micro-
pheres is a promising emerging treatment for patients with
rimary or metastatic hepatic malignancy, but the presence
f variant HA anatomy poses certain risks and inconve-
iences. The potential complications resulting from nontar-
et radioembolization can be far more severe than those
esulting from nontarget chemoembolization or bland em-
olization (13). Administration of radioembolic microspheres
nto variant HAs originating from the SMA, left gastric artery,
r GDA is likely to entail high risk for gastrointestinal com-
lications because these arteries may have numerous enteric
ranches in close proximity to the hepatic branches, and even
small amount and distance of reflux could result in compli-

ations. This heightened risk is lesser with glass microspheres
han with resin, but could be further avoided by consolidation
nd administration from another safer route, such as from a
onvariant HA. In addition, segmental consolidation and flow
edistribution may allow more targeted treatments that spare
ore normal liver (4).

The closed-source formulation of the microspheres and
he high flux rate of each individual microsphere also
ntroduce special handling risks (3). Microspheres are es-
ecially likely to lodge or accumulate in crevices such as at
Luer connection (3). Therefore, the entire delivery appa-

atus, including vial, catheter, and tubing, must be removed
nd disposed of intact to prevent spillage and contamination
3). Unlike chemoembolization, the option of iterative re-

ositioning of the catheters for serial administrations in
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different anatomic locations is very limited, and multiple
sites of administration require multiple catheterizations
with new catheters. Administration is most expeditious
when the arterial anatomy requires the fewest catheteriza-
tions. Similarly, consolidation can also simplify the admin-
istration of 99mTc-MAA. However, consolidation extends
he duration and cost of preparatory angiography, a disad-
antage that must be weighed for each patient.

Not all patients undergoing radioembolization stand to
enefit from inflow consolidation, and we found reason to
onsolidate inflow in only 59% of eligible patients in our
ohort. If a segment was supplied by a variant HA but was free
f tumor, avoiding consolidation avoided unneeded treatment
f this segment. Likewise, solitary tumors fed by variant HAs
ere treated selectively when considered safe, without un-
eeded radiation to the remainder of the liver. Consolidation
hould be considered only in patients in whom a therapeutic
dvantage would result. These advantages would be most
ikely to occur in patients with diffuse, multifocal disease
equiring whole-liver treatment, a situation more commonly
ncountered with resin microspheres; in fact, we consolidated
A supply in patients treated with resin microspheres twice as

ominant lesion only in segment 6, without enhancement of the
utured into the GDA (arrowhead). (b) Arteriography of the

Radioembolization via this accessory RHA would have been feas
again the hepatic infusion catheter with its tip at the origin of th
accessory RHA demonstrated intrahepatic collateral circulatio
enhanced C-arm CT image showed complete circumferential
injection of 99mTc into the PHA also confirmed perfusion of the

n the tumor, likely representing central necrosis. (f) Baseline d
evel of the SPECT image confirmed uniform response of the an
ther segments, suggesting successful distribution of radioemb
requently as in those who received glass microspheres. How- o
ver, advantages may also be seen in lobar or smaller target
erritories and for selective glass microsphere treatment, when
ontarget radioembolization is a high risk. For instance, an
ccessory LHA could be embolized to allow treatment of the
ntire left lobe via a middle HA. Overall, we found more
dvantageous situations involving variant left HAs as a result
f their smaller size and greater abundance of hepaticoenteric
ommunications.

An alternative to consolidation would be to use multi-
le microcatheters and to use glass microspheres to limit
eflux. However, this would also entail multiple vials and
etups, additional radioactive waste, and additional oppor-
unities for spillage. In addition, selective treatment of the
mallest territories can be hampered by difficulty in accu-
ate preparation of an appropriately small dose, especially
ith resin microspheres.

The existence of intrahepatic collateral networks has
ong been known (4–10). Early angiographic studies (5)
emonstrated small arterial communications present in the
ilum of most patients linking the left and right lobes.
hese interlobar collateral vessels became more evident
fter balloon occlusion (10) or ligation (6) of one or the

Figure 4. A 63-year-old man
with metastatic colon cancer un-
derwent partial hepatic resec-
tion with placement of a pump
for HA infusion of chemothera-
peutic agents. After chemother-
apeutic HA infusion and five
systemic chemotherapeutic reg-
imens had failed, the patient un-
derwent evaluation for radioem-
bolization. (a) C-arm CT image
of the right lobe with injection of
contrast medium into the PHA
showed rim enhancement of the

ior rim in segment 5 (arrow). Note the hepatic infusion catheter
revealed an accessory RHA leading to segment 5 (arrow).

ut highly risky for reflux and nontarget radioembolization. Note
(arrowhead). (c) PHA arteriogram after coil embolization of the
fusing the segment 5 artery (arrow). (d) Repeated contrast-
cement of the dominant lesion. (e) Axial SPECT image after
liver, including segment 5. Note the photopenic area centered

stic CT scan and (g) follow-up scan 3 months later at the same
and posterior aspects of the tumor as well as lesions found in
icrospheres into segment 5 via intrahepatic collateral vessels.
anter
SMA
ible b

e GDA
n per
enhan
entire
iagno
terior
ther lobar arteries, but were sparse and poorly visualized
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on angiography of normal individuals with intact arteries
(9) (Fig S1). Similarly, perfusion of a hepatic segment via
preexisting intrahepatic collateral pathways was demon-
strated angiographically after interruption of a variant HA
(7). Perfusion through these collateral pathways was dem-
onstrated by injection of starch microspheres or MAA,
although uniform distribution was not always seen acutely
after arterial interruption, raising the issue of baseline lu-
minal diameter and capacity of these collateral pathways
(8). This potential limitation of the consolidation technique
became evident in the single case of clinical failure in our
cohort, in which consolidation was only partially achieved
by coil embolization. Repeat embolization on the day of
treatment achieved consolidation as shown by contrast me-
dium enhancement, but asymmetric tumor response sug-
gested poor microsphere distribution, perhaps caused by
insufficient time to allow intrahepatic collateral channels to
mature enough to permit passage of 30-�m particles.

The main uncertainty of the present study was the
questionable correlation between imaging and the distribu-
tion of therapeutic microspheres. Resin microspheres range
in size from 29 �m to 35 �m, whereas glass microspheres
range from 15 �m to 35 �m (1). Water-soluble contrast
medium molecules measure only approximately 1.5 nm in
diameter (14) and easily pass through even the smallest cap-
illary beds. Technetium-99m–MAA particles vary widely in
size, ranging from 10 �m to 90 �m, with as many as 10% of
the particles measuring less than 10 �m (15). Technetium-
9m–MAA particles are therefore most similar in size to
icrospheres, but still do not exactly replicate the behavior

nd distribution of radioembolic material.
The truest test of arterial redistribution would require

athologic comparison of tissue from directly perfused re-
ions with tissue from regions previously supplied by vari-
nt HAs to eliminate the possibility that all good responses
ere caused by adjuvant systemic therapy. None of our
atients have undergone transplantation or multiple lesion
esections; in the absence of histopathologic proof, angio-
raphic evidence of cross-perfusion—in which C-arm CT
as become an indispensable tool (16) (Figure 4)—and
adiographic evidence of tumor response must serve as
ndpoints in evaluating the success of this technique. How-
ver, the inability to determine microsphere distribution in
atients with uniform PD became a limitation of the present
tudy: in the worst case scenario of all these patients actu-
lly having poor distribution, the overall clinical success of
onsolidation would have been achieved in only 21 of 33
atients (63.6%).

In conclusion, in patients who undergo embolization of
ariant HAs, reperfusion of nearly all territories previously
upplied by these arteries is possible via intrahepatic col-
ateral channels, and tumors in these territories can be

uccessfully treated by radioembolization microspheres that
pparently traverse these channels. Consolidation of HA
nflow allowed simplification of radioembolization by re-
ucing the number of sites of administration necessary to
reat all targeted tumors, and facilitated treatment of tar-
eted tumors in territories supplied by variant HAs.
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APPENDIX

Figure S1. A 59-year-old man with biloba
tion. A large replaced RHA originating from
evaluate presence and adequacy of intrahe
and inflated in the replaced RHA (white arr
arrowhead). The entire territory originally su
channels. The replaced RHA was then embo
PHA because the majority of tumors were
tration in the PHA. Only two patients with u
actual embolization.

Table S1. Anatomy and Incidence of Var

Type

Michels classification

I RHA, MHA, and

II RHA and MHA o

III MHA and LHA o

IV MHA originates

originates from

V RHA, MHA, and

VI RHA, MHA, and

VII RHA, MHA, and

SMA, aLHA or

VIII Combined patter

Type IX Entire hepatic tru

Type X Entire hepatic tru

Other variants

— aRHA from GDA

— MHA from GDA

— rRHA from CHA

— aRHA from CHA

Note.—Values in parentheses are perce
CHA � common hepatic artery, GDA � g
artery, MHA � middle hepatic artery, R
r metastases from colon carcinoma underwent preparatory angiography for radioemboliza-
the SMA supplied a minority of tumors, whereas the majority were supplied by the PHA. To
patic collateral channels, a 6-mm balloon was introduced from contralateral femoral access
ow), and an angiogram was obtained with injection of contrast medium into the CHA (black
pplied by the replaced RHA was immediately perfused through robust intrahepatic collateral
lized with two AMPLATZER I plugs. The replaced RHA was embolized rather than the smaller
supplied by the PHA. This patient underwent whole-liver treatment by single-site adminis-
nusually large variant HAs underwent balloon test occlusion to simulate embolization before
iant HAs

Anatomic Description Incidence in Present Study

LHA originate from celiac axis (normal anatomy) —

riginate from celiac axis, rLHA originates from LGA 15 (20.5)

riginate from celiac axis, rRHA originates from SMA 20 (27.4)

from celiac axis, rRHA originates from SMA, and rLHA

LGA

6 (8.2)

LHA originate from celiac axis, aLHA originates from LGA 14 (19.2)

LHA originate from celiac axis, aRHA originates from SMA 5 (6.8)

LHA originate from celiac axis, aRHA originates from

iginates from LGA

0

ns: (i) rRHA and aLHA or (ii) aRHA and rLHA 4 (5.5)

nk originates from SMA 2 (2.7)

nk originates from LGA 0

3 (4.1)

2 (2.7)

and aLHA from LGA 1 (1.4)

and rLHA from LGA 1 (1.4)

ntages. aLHA � accessory left hepatic artery, aRHA � accessory right hepatic artery,
astroduodenal artery, HA � hepatic artery, LGA � left gastric artery, LHA � left hepatic
HA � right hepatic artery, rLHA � replaced left hepatic artery, rRHA � replaced right
hepatic artery, SMA � superior mesenteric artery.
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