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Yttrium-90 (90Y) radioembolization is a locoregional therapy for hepatocellular carci-
noma (HCC) and secondary liver malignancies. 90Y-loaded microspheres are injected 
in the liver target volume (containing tumors) during arterial catheterization. This 

treatment aims at reaching an efficient absorbed dose to tumors while minimizing radiation 
dose to the healthy liver in order to prevent toxicity (1).

Before treatment, a planning arteriography is always performed for evaluating the feasi-
bility of radioembolization. For this purpose, the treatment is simulated with intra-arterial 
injection of 99mTc-macroaggregated albumin (MAA) particles (2).  Afterwards, 99Tc-MAA nu-
clear imaging is performed to estimate lung shunt, for ruling out extrahepatic deposition 
and for dosimetry calculations (3, 4). Previous studies demonstrated a strong relationship 
between the tumor dose evaluated on 99mTc-MAA single photon emission computed to-
mography (SPECT) imaging and the tumor response, especially for HCC (3).

Better tumor targeting is a real challenge to improve clinical results of radioemboliza-
tion. An increase in the tumor dose leads to an increase in the tumor control probabili-
ty and in patient outcome (5). The technique has evolved recently, especially in the field 
of interventional radiology, for instance by the use of cone beam computed tomography 
(CT) for accurate planning or by using special microcatheters, such as antireflux catheters 

PURPOSE 
We aimed to determine whether antireflux (ARC) catheter may result in better tumor targeting in 
liver radioembolization using 90Y-resin microspheres.

METHODS
Patients treated with resin microspheres for hepatocellular carcinoma (HCC) and secondary liver 
malignancies were retrospectively analyzed. All patients underwent a 99mTc-macroaggregated 
albumin (99mTc-MAA) single photon emission computed tomography (SPECT) following the plan-
ning arteriography with a conventional end-hole catheter. For 90Y-microspheres injection, two 
groups were defined depending on the type of catheter used: an ARC group (n=38) and a control 
group treated with a conventional end-hole catheter (n=23). 90Y positron emission tomography 
computed tomography (PET/CT) was performed after the therapeutic arteriography. The choice 
of the catheter was not randomized, but left to the choice of the interventional radiologist. 99mTc-
MAA SPECT and 90Y PET/CT were co-registered with the baseline imaging to determine a tumor 
to normal liver ratio (T/NL[MAA or 90Y]) and tumor dose (TD[MAA or 90Y]) for the planning and therapy.

RESULTS
Overall, 38 patients (115 lesions) and 23 patients (75 lesions) were analyzed in the ARC and con-
trol groups, respectively. In the ARC group, T/NL90Y and TD90Y were significantly higher than T/
NLMAA and TDMAA. Median (IQR) T/NL90Y was 2.16 (2.15) versus 1.74 (1.43) for T/NLMAA (p < 0.001).  
Median (IQR) TD90Y was 90.96 Gy (98.31 Gy) versus 73.72 Gy (63.82 Gy) for TDMAA (p < 0.001). In this 
group, the differences were highly significant for neuroendocrine metastases (NEM) and HCC 
and less significant for colorectal metastases (CRM). In the control group, no significant differ-
ences were demonstrated.

CONCLUSION
The use of an ARC significantly improves tumor deposition in liver radioembolization with resin 
microspheres.

https://orcid.org/0000-0002-7725-2527
https://orcid.org/0000-0002-0120-684X
https://orcid.org/0000-0001-8525-5499
https://orcid.org/0000-0003-2593-4590
https://orcid.org/0000-0001-5952-726X
https://orcid.org/0000-0003-0668-6122
https://orcid.org/0000-0002-2106-958X


Antireflux catheter improves tumor targeting in liver radioembolization • 769

(ARC), i.e., Surefire Infusion System® (Sure-
fire Medical Inc.). ARC has a funnel shaped 
expanding tip designed to minimize reflux 
of radioactive microspheres and the risk 
of extrahepatic deposition (6, 7). Changes 
in the downstream hepatic arterial blood 
pressure were reported using this catheter 
(8). When the ARC is deployed, the arterial 
blood pressure decreases in the antegrade 
distribution and may reduce the resistance 
in the tumor vasculature. This hemodynam-
ic effect seems responsible for an increase 
in tumor targeting in some previous reports 
(9, 10). 

Our study aims to compare tumor to nor-
mal liver ratio (T/NL) and tumor absorbed 
doses (TD) when a conventional end-hole 
catheter (EHC) and an ARC are used in the 
same patient at two different time points. 
As a second endpoint, we investigated this 
effect as a function of the tumor type.

Methods
Procedures

Patients treated by radioembolization 
with resin microspheres were retrospec-
tively analyzed from 2010 to 2019 after 
approval by the local ethics committee 
(2017/27JUI/334). Informed consent was 
waived because the entire study was ret-
rospective. Each procedure was performed 
according to standards of clinical practice 
(2). A planning angiography was performed 
to identify the vascular supply of the tumor, 
to embolize some extrahepatic branches 
and finally radioembolization was simulat-
ed with 99mTc-MAA injection (TechneScan 
LyoMAA, Mallinckrodt Medical BV and Cu-
rium). Then, 99mTc-MAA SPECT imaging was 
obtained to confirm the absence of extra-
hepatic uptake and allowed to quantify a 
potential hepatopulmonary shunt. Within 1 

to 3 weeks following the planning angiog-
raphy, 90Y-resin microspheres were injected 
(activity determined according to the BSA 
method), and the treatment was followed 
by a 90Y PET/CT to assess the 90Y micro-
spheres deposition. 

Characteristics of each arteriography 
were reviewed by a senior interventional 
radiologist and only procedures (planning 
and therapy) performed with similar cathe-
ter tip placement are reported in this study. 
Angiograms with differences in excess of 2 
cm in catheter tip positions were excluded 
from the analysis. ARC was used for patients 
with high-risk liver anatomy, particularly for 
microsphere injection in the close vicinity of 
a non-embolizable hepato-enteric arterial 
branch, to avoid extra-hepatic deposition. 
This decision though was left to the senior 
interventional radiologist, without random-
ization. All arteriographies were performed 
without the use of cone-beam CT. 

The preliminary arteriography was al-
ways executed with a conventional EHC. 
Patients treated with use of ARC were classi-
fied as the ARC group and the control group 
was defined as patients in whom EHC was 
used in both planning and therapeutic ar-
teriographies.

Patients and tumors
Patients and tumor characteristics are 

summarized in Tables 1 and 2. Briefly, 38 
patients with 115 lesions were identified in 
the ARC group and 23 patients with 75 le-
sions in the control group. In the ARC group, 
the types of tumors were colorectal metas-
tases (CRM) with 48 lesions (41.7%), neuro-

endocrine metastases (NEM) with 30 lesions 
(26.1%) and HCC with 24 lesions (20.9%), as 
compared with 22 lesions (29.3%), 34 le-
sions (45.3%) and 19 lesions (25.3%) in the 
control group, respectively. 

Imaging protocols
99Tc-MAA SPECT/CT was performed with-

in 1 hour after injection of 150 to 170 MBq 
using a Brightview XCT scanner (Philips 
Healthcare). Abdominal SPECT images 
were acquired with a 128×128 matrix with 
a low energy-high resolution collimator (64 
angles per head, 25 s/angle). Image recon-
struction was achieved using an OSEM al-
gorithm (8 iterations and 16 subsets) with 
attenuation and scatter corrections. 

90Y post-treatment imaging was performed 
with a time-of-flight (TOF) PET/CT (Gemini TF, 
Philips Medical Systems) with an abdominal 
acquisition of 40 minutes (2 bed positions). 
Reconstruction was performed with the 3D 
line of response (LOR)-TOF blob-based al-
gorithm (2 iterations, 33 subsets) and with a 
voxel reconstruction of 4×4×4 mm3.

Tumor uptake and tumor absorbed dose
Lesions were first delineated using the 

baseline contrast-enhanced magnetic reso-
nance imaging or CT scan with MIM 6.7 (MIM 
Software Inc.) performed before the workup. 
In 3 patients of the ARC group, tumor delinea-
tion was based on fluorodeoxyglucose PET/
CT because no baseline MRI or contrast-en-
hanced CT scan was available before treat-
ment. Volumes of interest (normal liver and 
tumors) were fused with 99Tc-MAA SPECT and 
90Y PET/CT using a rigid co-registration. 

Main points

• Compared to classic end-hole catheters, anti-
reflux catheters improve tumor to normal liv-
er uptake ratios and tumor absorbed doses in 
liver radioembolization. 

• This effect was mainly demonstrated for the 
treatment of neuroendocrine metastases 
and hepatocellular carcinoma and was minor 
for colorectal metastases.

• By increasing tumor to normal liver ratio 
and tumor dose using antireflux catheter, 
one could expect in future studies, a better 
clinical response to liver radioembolization 
which is strongly correlated to high tumor 
targeting.

Table 1. Patient characteristics 

Characteristics
ARC group  

(n=38)
Control group  

(n=23) p

Sex, n (%) Female 11 (28.9) 8 (34.8) 0.633

Male 27 (71.1) 15 (65.2)

Age (years) Median (IQR) 65.5 (17.7) 68.0 (12) 0.421

Tumor type, n (%) Cholangiocarcinoma 2 (5.3) 0 (0.0) 0.288

Colorectal 15 (39.5) 6 (26.1)

HCC 9 (23.7) 10 (43.5)

Melanoma 3 (7.9) 0 (0.0)

Neuroendocrine 8 (21.1) 7 (30.4)

Esophagus 1 (2.6) 0 (0.0)

No. of lesions per patient Median (IQR) 3.0 (2) 2.0 (4) 0.421

ARC, antireflux catheter; IQR, interquartile range; HCC, hepatocellular carcinoma. 
For continuous variables, Mann-Whitney U test was used. For categorical variables, comparisons were made using 
chi-square test or, when expected counts was low, a Fisher-Freeman-Halton test.



The tumor to normal liver uptake ratio (T/
NL) is a concentration ratio defined as:

 Countst / VolumeTT/NL = 
 CountsNL / VolumeNL

where CountsT represents the total 
counts on the entire tumor volume of 
each individual tumor (diameter superior 
to 1  cm) and CountsNL the total counts in 
the injected normal liver volume. CountsT 
and CountsNL were measured from 99mTc-
MAA SPECT or 90Y PET/CT datasets.

The absorbed dose to tumors was deter-
mined by the simplified MIRD-based equa-
tion (11, 12): 

              Injected Activity (GBq) .50 .(1-LSF) .f(tumor)

TD 
 = 

                  Tumor mass (kg)
where LSF is  the lung shunt fraction and  

ftumor, the fractional uptake of the tumor de-
fined on 99mTc-MAA SPECT and on 90Y PET/CT:

total countstumor
ftumor  = 

total countsliver

At the end, for each lesion a set of 4 data 
was available for analysis: for 99mTc-MAA 
SPECT, T/NLMAA and TDMAA and for90Y PET/CT,  
T/NL90Y and TD90Y. 

Statistical analysis
Analyses were conducted using SAS V9.4 

software (SAS Institute Inc.). The main ob-
jective was to compare tumor uptake and 
tumor dose between 99mTc-MAA SPECT and 
90Y PET/CT. T/NLMAA and TDMAA with T/NL90Y 
and TD90Y, respectively, were compared 
within each group (ARC and control sepa-
rately) using a Wilcoxon signed rank test. 
The homogeneity of the patient and lesion 
characteristics were compared between 
the two groups using a Mann-Whitney U 
test for the continuous variables. For cate-
gorical variables, comparisons were made 
using a chi-square test or, when expected 
counts problem occurred, a Fisher-Free-
man-Halton test. p < 0.05 was accepted as 
the significance level. Descriptive statistics 
were presented using frequencies with per-
centages, 95% confidence interval (95% CI) 
of the medians and interquartile ranges. 

Results
When pooling all tumors from both 

groups, where all patients received the 

99mTc-MAA injection using EHC, the median 
T/NLMAA was 2.19 in HCC (95% CI, 1.53–2.85), 
1.82 in NEM (95% CI 1.57–2.43) and 1.35 for 
CRM (95% CI, 1.16–1.68). T/NLMAA was sig-
nificantly lower in CRM compared to NEM 
(p  = 0.010) and HCC (p  = 0.002).

In the ARC group, T/NL90Y and TD90Y were 
significantly higher than T/NLMAA and TDMAA 

(Fig. 1 left panel; Tables 3 and 4). Detailed 
data per individual tumor type are given 
in Table 4. The tumor dose was significant-
ly increased by a median 23% between 
the planning (measured using 99Tc-MAA 
SPECT/CT, EHC used) and the treatment 
(measured using the 90Y PET/CT, ARC used). 
The increase of TD was the highest in NEM 
(increase of 55% between medians; p   = 
0.009), followed by HCC (increase of 42% 
between medians; p   = 0.034), and lowest 
for CRC (increase of 13% between medians; 
p  = 0.039), as demonstrated in Table 4 (ex-
ample of a NEM patient in Fig. 2). Similarly, 
T/NL was also increased by a median of 24% 
over the entire population of ARC patients 
(p  < 0.001), with an increment of 36% in 
HCC (p  = 0.010), 58% in NEM (p   < 0.001) 
and only 15% in CRC patients (p   = 0.162, 
not significant).
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Table 2. Individual lesions characteristics

Characteristics
ARC group 

(n=115)
Control group 

(n=75) p

Lesion volume (mL) Median (IQR) 25.3 (73.6) 10.8 (20.5) 0.010*

Target, n (%) Whole liver (bilobar) 51 (44.3) 46 (61.3) 0.052

Lobar 58 (50.4) 28 (37.3)

Selective 6 (5.2) 1 (1.3)

Tumor type, n (%) Colorectal m. 48 (41.7) 22 (29.3) 0.001*

HCC 24 (20.9) 19 (25.3)

Neuroendocrine m. 30 (26.1) 34 (45.3)

Miscellaneous 13 (11.3) 0 (0.0)

ARC, antireflux catheter; IQR, interquartile range; m., metastases; HCC, hepatocellular carcinoma.  
For continuous variables, Mann-Whitney U test was used. For categorical variables, comparisons were made using 
chi-square test or, when expected counts was low, a Fisher-Freeman-Halton test.
*Indicates a significant result at a 5% type I error.

Table 3. Tumor uptake and dose in groups

Groups Characteristics MAA 90Y p

ARC n=115 T/NL Median (IQR) 1.74 (1.43) 2.16 (2.15) <0.001*

Dose (Gy) Median (IQR) 73.72 (62.82) 90.96 (98.31) <0.001*

Control n=75 T/NL Median (IQR) 1.60 (2.04) 1.57 (1.38) 0.892

Dose (Gy) Median (IQR) 72.92 (80.33) 66.88 (87.71) 0.950

MAA, macroaggregated albumin; ARC, antireflux catheter; IQR, interquartile range; T/NL, tumor to normal liver uptake. 
Wilcoxon signed rank test was used for the analysis of patient-paired difference between MAA and 90Y. 
*Indicates a significant result at a 5% type I error.

Table 4. Tumor type analysis in the ARC group

Tumor type Characteristics MAA 90Y p

Hepatocellular carcinoma 
n= 24 (20.9%)

T/NL Median (IQR) 2.06 (2.10) 2.80(1.94) 0.010*

Dose Median (IQR) 95.36 (110.79) 135.23 (116.40) 0.034*

Neuroendocrine metastases 
n= 30 (26.1%)

T/NL Median (IQR) 1.88 (1.30) 2.97(4.34) <0.001*

Dose Median (IQR) 80.89 (63.52) 125.16 (127.07) 0.009*

Colorectal metastases  
n=48 (41.7%)

T/NL Median (IQR) 1.57 (1.01) 1.80(1.18) 0.162

Dose Median (IQR) 62.22 (62.93) 70.26 (72.97) 0.039*

ARC, antireflux catheter; MAA, macroaggregated albumin; IQR, interquartile range; T/NL, tumor to normal liver uptake. 
Wilcoxon signed rank test was used for the analysis of patient-paired difference between MAA and 90Y. 
*Indicates a significant result at a 5% type I error.
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In the control group, no statistically 
significant difference was observed for 
neither the T/NL nor the TD between the 

planning and the post-treatment study 
(Fig. 1 right panel; Table 3). In addition, no 
significant difference in tumor uptake (T/

NL) was observed for any tumor type (data 
not shown). 

Discussion
Our study demonstrates that, using an 

ARC, an improvement of the T/NL of 36%, 
58%, and 15% is obtained in HCC, NEM, 
and CRM, respectively (Table 4). In all radi-
ation therapy applications, improving the 
absorbed dose to tumors, without increas-
ing the dose to non-target tissues (which is 
expressed by the T/NL ratio), is a goal that 
cannot be overlooked. Better tumor target-
ing leads to higher doses to tumors and a 
higher probability of tumor control (1). 
Furthermore, the tumor control probability 
(TCP) as a function of the dose has a sig-
moid shape (5, 13), resulting in the fact that 
little increases or decreases of tumor doses, 
close to the therapeutic window, may re-
sult in a major effect on clinical response 
or progression, respectively. Besides these 
scientific considerations, international au-
thorities (e.g., Euratom 2013/59 and ICRP 
140) strongly encourage all efforts towards 
dose optimization (14, 15).

Interestingly, a recent secondary analysis 
of the SARAH prospective study demon-
strated a significant improvement in dis-
ease control and overall survival in radi-
oembolization of HCC with a tumor dose 
above 100 Gy (16). Very recently, another 
study demonstrated that adding pre-thera-
peutic dosimetry as a tool for optimization 
results in better outcome (17). 

Why ARC improves tumor targeting is 
not totally understood. The downstream 
blood flow distribution is modified when 
the catheter tip is deployed. The occlusion 
level of this tip is dynamic, occlusive during 
the diastole. Similarly, if a retrograde flow 
appears, the expandable tip stays open and 
precludes reflux. A study by Rose et al. (8) 
demonstrated a significant decrease of the 
blood pressure in the downstream arterial 
compartment. To maintain an antegrade 
flow in the downstream compartment, the 
pressure in the downstream vascular bed 
must be lower than the pressure near the 
catheter tip. Resistance in the downstream 
compartment may decline more and more 
distally by opening or recruiting new arter-
ies. Arepally et al. (7) illustrate this effect in 
an ex vivo study: in a swine model, the pen-
etration of tantalum microspheres in the 
renal parenchyma was deeper with an ARC 
as compared with standard catheters. The 
microsphere distribution was visually more 

Figure 1. Signed rank scores for tumor to normal liver uptake ratio (T/NL) observed with 99mTc-MAA 
SPECT/CT (MAA) and 90Y PET/CT (90Y) in the ARC group (left) and in the control group (right).  
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Figure 2. Example of a patient treated by liver radioembolization for high hypervascular 
neuroendocrine metastases demonstrated on CT scan (upper panel). The planning (middle panel) was 
performed with a classic end-hole catheter; T/NL and tumor dose were respectively 2.9 and 69 Gy in 
the tumor located in segment 7 (arrow). The treatment (lower panel) was performed with an antireflux 
catheter; T/NL and tumor dose were respectively 8.4 and 172 Gy in this same tumor (arrow). 
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(arterial & portal phases)
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90Y PET/CT

Planning 
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homogeneous and more extended to distal 
vessels (7). The distal pressure reduction 
induced by the deployment of this expand-
able tip is similar to what is demonstrated 
with the use of a microballoon catheter in 
transarterial chemoembolization (18). Pas-
ciak et al. (10) proposed another interpre-
tation: the reduction of the downstream 
pressure may be induced by vasoconstric-
tion of normal liver arteries, delivering more 
microspheres to tumor arteries (10). More-
over, in contrast with a conventional cath-
eter, ARC allows an optimized centering of 
the catheter tip in the vessel lumen and 
generates a turbulent-like flow during the 
microsphere administration (19, 20). These 
effects are responsible for a more homoge-
neous distribution in the downstream net-
work. With a computer model of the hepat-
ic artery and tumor vessels, Kennedy et al. 
(21) demonstrated an increase in the tumor 
microsphere deposition when the flow was 
homogeneous. 

Our study confirms some previous data. In 
a small prospective trial (n=9), Pasciak et al. 
(10) performed for each patient two proce-
dures of lobar infusions of 99Tc-MAA in a non-
randomized 2 by 2 crossover design one-day 
protocol (10). One infusion was performed 
with an ARC and the other with an EHC. Tu-
mor deposition increased between 33.0% 
to 90.0% with the ARC. In this study, lesions 
were mostly HCC (n=6). In a controlled trial 
conducted with 25 patients treated for CRM 
with holmium-166 (166Ho) microspheres, the 
ARC was randomly allocated to the left or 
right liver artery and the standard catheter 
to the contralateral artery (9). The mean T/NL 
ratio was increased by 25.0% when lesions 
were treated using an ARC. 

The current study also highlights oth-
er findings. In the ARC group, increases in 
tumor uptake and tumor dose between 
the planning arteriography (with an EHC) 
and the treatment arteriography (with an 
ARC) were variable according to the tumor 
type: highly significant for NEM and HCC, 
modest for CRM. These differences could 
be explained by changes in tumor perfu-
sion. Indeed, tumor targeting in 90Y radi-
oembolization depends on tumor arterial 
vascularization because microspheres are 
deposited preferentially in the terminal ar-
terioles. NEM are often hypervascular with 
higher enhancement during a dynamic en-
hanced-contrast CT scan compared to oth-
er types of metastases (22). On the contrary, 
CRM are often less perfused (23). Moreover, 

tumor arterial perfusion assessed by 99mTc 
MAA SPECT/CT confirmed in our study a 
higher tumor uptake for NEM and HCC as 
compared to CRM.

Our study has some limitations. First, al-
though it is an intra-patient comparison, 
our analysis is based on a comparison be-
tween two different radiolabeled vectors 
(99mTc-MAA and 90Y microspheres) and the 
assumption of a good correlation between 
their respective behaviors. This consider-
ation is questionable mainly due to physical 
differences between 99Tc-MAA particles and 
90Y-microspheres, including differences in 
size, number, density and amount of radio-
activity per particle (24). A good reproduc-
ibility between 99mTc-MAA and 90Y-micro-
spheres requires also similar angiographic 
conditions and especially similar catheter 
positions (3). Minor differences in catheter 
tip positions could induce important differ-
ences in particle distributions (25, 26). With 
regards to 90Y PET/CT, previous studies con-
firmed a good accuracy of the technique to 
assess tumor uptake and absorbed doses 
after 90Y-radioembolization (27, 28). Some 
previous studies also demonstrated a good 
correlation between 99mTc-MAA SPECT and 
90Y PET/CT dosimetry (29–32). However, 
the reproducibility of dosimetry based on 
99mTc-MAA SPECT/CT as compared with the 
90Y PET/CT is not fully established and indi-
vidual variations in tumor dose estimation 
can occur. To cope with this problem, we in-
troduced a control group where 99mTc-MAA 
and 90Y microspheres injections were per-
formed with the same type of microcath-
eter. This group confirmed that there were 
no significant differences between 99mTc-
MAA and 90Y microspheres in tumor deposi-
tion. Second, this study is retrospective and 
the use of the ARC instead of a standard 
microcatheter was not randomized but left 
to the decision of the interventional radiol-
ogist. In the future, controlled prospective 
trials are needed to investigate the effect of 
ARC in tumor response and survival after 90Y 
radioembolization. Moreover, the changes 
in tumor targeting using ARC are not clearly 
understood and require more experiments 
with fluid particle models, using either ex 
vivo or mathematical models. 

In conclusion, our results support the 
use of ARC to improve tumor targeting in 
90Y radioembolization using resin micro-
spheres. ARC impacts the risk-benefit ratio 
during a procedure of 90Y microspheres 
infusion, by decreasing the risk of extrahe-

patic deposition as previously known, but 
also by improving the targeting efficiency. 
Also, as shown by Morshedi et al. (33), ARC 
is a cost-effective alternative to standard 
end-hole catheter, reducing the time of 
the procedure and the use of coil-emboli-
zation. 
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