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Abstract: Transcatheter hepatic arterial chemoembolization (TACE) is the current standard of care for intermediate 
stage hepatocellular carcinoma (HCC) patients. To study the effects of TACE in the tumor immune microenviron-
ment, an immunocompetent rat model is required. The purpose of this study was to determine factors influencing 
technical success during hepatic arterial catheterization in immunocompetent orthotopic rat liver models. To this 
end, 91 Sprague-Dawley and eighty-three F344 rats underwent transcatheter hepatic arterial embolization using 
a transcarotid approach and were divided into a non-tumor-bearing (n = 41) and tumor-bearing (n = 133) groups. 
Vascular diameters of the hepatic arterial branches were evaluated from angiographic images. Catheterization of 
the proper hepatic artery (PHA) was achieved in 92% of the tumor-bearing and 68.3% of the non-tumor-bearing rats. 
We found a strong positive association between the diameter of the PHA and animals’ body weight in both groups (P 
< 0.005), independently of the rat’s strain. Results of the logistic regression model predicting a successful catheter 
placement into the PHA according to the animal’s weight indicate that successful PHA catheterization is likely to 
be achieved in tumor-bearing animals weighing ≥ 250 g and > 308 g in non-tumor-bearing rats, with a sensitivity 
and specificity of 91.3% and 100.0% and 96.4% and 92.3%, respectively. In conclusion, animal’s body weight at 
the time of catheterization is the principal determinant of technical success for transcatheter arterial embolization. 
Familiarity with these technical factors during animal selection will improve TACE technical success rates.

Keywords: Transcatheter arterial embolization, hepatocellular carcinoma, technical success, body weight, arterial 
access and endovascular treatment

Introduction

Transcatheter hepatic arterial chemoemboliza-
tion (TACE) is the current standard of care for 
intermediate stage hepatocellular carcinoma 
(HCC) patients. TACE has shown improved sur-
vival rates and is an integral part of the Bar- 
celona Clinic Liver Cancer guidelines [1]. In ad- 
vanced HCC, systemic therapies are well-es- 
tablished with molecular targeted therapies, 
such as sorafenib and lenvatinib approved for 
first-line therapy [2] and now also nivolumab,  
a PD-1 immune checkpoint inhibitor antibody 
[3], as the second line of treatment. Despite 
these important clinical advances, treatment 
outcomes remain poor. 

Optimal combination therapy using image- 
guided intervention and molecularly targeted 
agents could offer synergistic effects in HCC 
therapy and improve outcomes. Investigational 
efforts to address this unmet need requires 
robust preclinical research platforms and rele-
vant animal models for interventional oncology 
(IO) research. Animal models for IO must exhibit 
sufficient anatomic size to mimic treatment pro-
tocols using doses and devices easily translat-
ed into clinical practice. Traditionally, large ani-
mals such as pigs, dogs, and rabbits have been 
considered more appropriate research subjects 
for complex endovascular experimentation and 
noninvasive imaging development, due simply 
to ease in vascular access and catheterization. 
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Unfortunately, there is a dearth of molecular 
biology tools available for these large animal 
models. 

The laboratory rat (Rattus norvegicus) has re- 
cently gained popularity in IO research. These 
animals offer ample access to advanced mo- 
lecular biology tools, and their biological pro-
cesses can be fully characterized, unlike their 
large animal counterparts [4, 5]. Particularly 
relevant is the fact that in the era of fundamen-
tal immunotherapy advances, immunocompe-
tent syngeneic rat liver tumor models are avail-
able for IO research [6]. In order to successfully 
use rat models, the investigator must be famil-
iar with the rat vascular anatomy and advanced 
endovascular techniques. The majority of the 
literature applying rat models in IO research 
reported the use of gastroduodenal artery 
(GDA) as a route to access the hepatic arterial 
vasculature [7-11]. This approach requires pro- 
ximal and distal ligation of the GDA artery at the 
end of the procedure [12-14], impacting the 
blood supply to the digestive system and often 
requiring protracted exposure of abdominal vis-
cera during surgical instrumentation. Another 
common method uses a selective hepatic ar- 
tery catheterization via left common carotid 
approach under direct visualization [15, 16]. 
This procedure reduces ischemia to the diges-
tive system, but requires a simultaneous lapa-
rotomy and a direct visualization of the catheter 
guidance to accurately place the catheter tip 
into the hepatic artery. A novel technique that 
obviates the need for a concomitant laparoto-
my has been described using transfemoral [16, 
17] or transcarotid approaches [16, 18] with 
fluoroscopy-guided hepatic arterial catheteriza-
tion. This approach dramatically reduces proce-
dural time and surgical trauma, presumably 
diminishing the expression of inflammatory 
cytokines and minimizing the extent of tissue 
remodeling that can interfere with immunology 
research. This sophisticated procedure requir- 
es advanced knowledge of key technical con-
siderations unique to rat anatomy, in order to 
ensure successful hepatic catheterization. The 
present study aims to establish the determin-
ing factors that influence technical success 
during transcatheter arterial embolization us- 
ing a transcarotid approach in rat liver tumor 
models for preclinical research in intervention-
al oncology.

Materials and methods 

Animal models

All studies were approved by our institutional 
animal care and use committee and were per-
formed in accordance with institutional guide-
lines. Animals were housed under standard 
temperature and light-dark schedule (12 h 
light-dark cycles), in a pathogen-free environ-
ment, and were allowed free access to rodent 
chow and water. For all surgical procedures, 
animals were anesthetized using 2-3% isoflu-
rane and monitored for the depth of anesthe- 
sia throughout the procedures. Aseptic surgi- 
cal techniques were used, and adequate steps 
were taken routinely to ensure animal comfort 
during recovery. 

Tumor-bearing animals (n = 133) were inocu-
lated with 5 × 106 N1S1 Novikoff hepatoma 
cells (ATCC, Manassas, VA, USA) syngeneic to 
Sprague-Dawley rats (Charles River Labora- 
tories, Wilmington, MA, USA) or 1 × 107 RCN-9 
cells (RIKEN BioResource Research Center, 
Tsukuba, Japan) syngeneic to F344 (CLEA Ja- 
pan, Tokyo, Japan) rats. Cell suspensions (100 
μL) were injected by using a 25-gauge needle 
into the subcapsular portion of the left hepatic 
lobe after performing a midline laparotomy. 
Immediately after the cell injection, a small 
square of BloodSTOP (Mountain View, CA, USA) 
was used on the site of injection to achieve 
hemostasis and prevent cell reflux. Tumor nod-
ules were allowed to grow for seven days or  
4 weeks for Sprague-Dawley and F344 rats, 
respectively. 

Image-guided intra-arterial therapy

Ninety-one adult male Sprague-Dawley (SD) 
rats and eighty-three F344 rats underwent 
hepatic arterial catheterization using a trans- 
carotid approach and were divided into a non-
tumor bearing (n = 41) and tumor-bearing (n = 
133) groups. Animal hair clippers were used to 
shave the ventral neck region from the chin to 
the sternum. Vascular access of the left com-
mon carotid artery was achieved by a superfi-
cial straight incision, slightly to the right of the 
midline of the neck to the top of the sternum. 
Subsequently, skin on both sides of the incis- 
ion was separated, and a blunt-dissection was 
made to expose the muscular layer (Figure 1A, 
1B). Curved, smooth, sharp hemostat forceps 
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along with toothless microsurgical forceps were 
used to separate the remaining fat and muscle 
as well as the overlying fascia. The left common 
carotid artery (CCA) was further exposed by a 
continued blunt-dissection (Figure 1C, 1D). The 
vagus nerve was carefully dissociated from the 
adjacent CCA, and a 4-0 silk suture was situat-
ed underneath the artery at the cranial and 
caudal ends of the exposed vessel (Figure 1E). 
A tight double knot was made in the distal por-
tion of the CCA to block retrograde blood-flow 
and to gently tighten and pull the vessel out for 
catheterization (Figure 1F). A small vascular 
clip was placed at the proximal site of the inci-
sion to control the blow-flow (Figure 1G) and, 
immediately after, the CCA was cannulated 
(Figure 1H) by a 20-gauge intravenous cathe- 
ter (Angiocath - IV catheter; 20G × 1.16) using  
a dissecting microscope. Custom made 40 cm 
long micro-catheters (Tokai Medical, Japan), 
1.6-Fr for SD rats and 1.9-Fr for F344 rats  
and, a 0.014-inch guidewire (Transcend; Bos- 

ton Scientific, USA) were inserted through the 
intravenous catheter into the arterial lumen. 
The microcatheter was subsequently advanc- 
ed into the proper hepatic artery. Manual injec-
tion of iodixanol injectable contrast medium 
(Visipaque; GE Healthcare, USA), was delivered 
through the catheter, as needed, to visualize 
the hepatic vasculature. A final digital subtrac-
tion angiography (DSA) was performed to cor-
roborate the final appearance of blood vessels 
(Figure 2). After the intervention, the intrave-
nous catheter was removed, CCA was ligated, 
and the neck incision was closed by an uninter-
rupted suture and animal wound clips. A one-
time injection of the analgesic buprenorphine 
(0.1-0.5 mg/kg) was administered immediate- 
ly after surgery. Intra-arterial catheterizations 
were performed under fluoroscopic guidance 
by an experienced board-certified intervention-
al radiologist. Technical success of the proce-
dure was defined as the stable placement of 
the microcatheter tip into the proper hepatic 

Figure 1. Pictorial description of the critical steps involved in the common carotid artery cannulation. A. Shows 
the externalization of the muscular layer after a superficial incision from the midline of the neck to the top of the 
sternum. B. Left common carotid artery (CCA, black arrow) and vagus nerve (VN, white, black arrow) within the CCA 
sheath. C, D. Photographs showing the dissociation of the vagus nerve from the adjacent common carotid artery. 
E. Ideal anatomical placement of the vascular loops (4-0 silk suture) around the artery. F. Shows a double-knot 
surgical tie of the distal suture to the clip used as a retraction point prior to arteriotomy (arrowhead) and a second 
untied suture around the proximal portion of the CCA used for the arterial ligation immediately after the vascular 
catheter was withdrawn at the end of the procedure. G. Vascular clip (VC) placement to prevent retrograde blood 
flow followed by the insertion of the intravenous vascular catheter (IVC) into the arterial lumen. H. Advancement of 
the intravenous vascular catheter (IVC) through the vessel after the release of the vascular clip and needle retrac-
tion to avoid vessel damage. Scale bars represent 2 mm.



Factors impacting technical success rate of intra-arterial therapy

3764 Am J Transl Res 2019;11(6):3761-3770

artery. The diameter of the proper (PHA), left 
(LHA) and right hepatic (RHA) arteries were 
evaluated from angiographic images, and each 
image was spatially calibrated by using the 
catheter tip as a reference. For further anatomi-
cal reference, we have included representative 
images of our rats’ angiograms (Figure 2A, 2B) 
and a schematic diagram of the SD rat’s celiac 
axis (Figure 2C). Imaging analyses were carried 
out using Fiji image processing package [19]. 
Animal weight was recorded at the time of an- 
giography. 

Statistical analysis 

The normality of continuous variables was ana-
lyzed by using the Shapiro-Wilk tests. Wilcoxon 
rank-sum test was used to compare the differ-
ences in weight between groups. Spearman’s 
rank correlation coefficient was used to evalu-
ate the strength of association between ani-
mals’ weight and the diameter of the PHA. A 
paired t-test was used to assess the differenc-
es between the diameter of RHA and LHA, and 
the Pearson product-moment correlation coef-
ficient to measure the strength of linear asso-
ciation between vessel diameters. Subsequen- 
tly, separate linear regression models were 
developed to identify the interaction between 
the presence of tumor or rats’ strain on the 
relationship between body weight and PHA 
diameter, using the diameter of the PHA as  
the response variable. Finally, a logistic regre- 
ssion model was fitted to the non-tumor or 

Results 

Overall median body weight and range of the 
three cohorts combined was 295 g [227-477]. 
Tumor-bearing rats (n = 133) at the time of 
catheterization exhibited a median weight and 
range of 285 g [227-477], and non-tumor bear-
ing rats (n = 41) had a median weight of 331.2 
g [236.6-437]. There were no significant differ-
ences in body weight between tumor-bearing 
rats of different strains, with a median weight 
of 299 g [227-477] and 282 g [240-475] for SD 
and F344 rats respectively (P = 0.80). Similarly, 
the body weight of tumor-bearing rats com-
pared to those without tumor from the same 
strain was not significantly different (P = 0.19).

Correlation between body weight and diameter 
of the proper hepatic artery 

The results of the present study revealed  
that there is a strong positive correlation be- 
tween the body weight and diameter of the  
PHA (P < 0.005). More importantly, the depen-
dence between these factors was observed 
among the groups, with F344 rats demonstrat-
ing the strongest degree of association, with  
a Spearman’s rank correlation coefficient and 
95% confidence interval of 0.87 [95% CI 0.80-
0.91]; P < 0.0001. Non-tumor-bearing SD rats 
demonstrated the second strongest associa-
tion with a positive correlation of 0.65 [95% CI 
0.43-0.80]; P < 0.0001. Finally, tumor-bearing 
SD rats exhibited a positive correlation of 0.40 
[95% CI 0.14-0.61]; P = 0.004. 

Figure 2. X-ray-based conventional digital subtraction angiography (DSA) 
delineating the normal arterial anatomy of Sprague-Dawley rats. Animals’ 
vasculature is visible as darkened areas over a light grey background after 
the delivery of iodixanol injectable contrast medium through the catheter. 
A. DSA showing the normal anatomy of the proper hepatic artery (PHA), left 
gastric artery (LGA), gastroduodenal artery (GDA) and splenic artery (SA). 
B. Hepatic vascular angiography showing the proper hepatic artery (PHA) 
branching into the right (RHA) and left (LHA) branches and the location of 
caudal lobe artery (CLA). C. Simplified schematic illustration of the rat’s ce-
liac axis anatomy pertinent to hepatic artery catheterization. Arrowhead: mi-
crocatheter tip. 

tumor-bearing SD rats using 
the success of the procedure 
as the response variable and 
animals’ weight as the pre- 
dictive factor. The fit of the 
logistic regression model was 
evaluated by the area under 
the receiver operating charac-
teristic curve (AUC), and the 
sensitivity and specificity of 
the selected cut points were 
assessed. Results were ex- 
pressed as median [range] or 
mean ± (Standard Deviation 
[SD]) of non-normally and nor-
mally distributed data, respec-
tively. All analyses were car-
ried out using SAS 9.4. A value 
of P < 0.05 was considered 
significant.
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Differences between hepatic artery branches 
diameter 

We found a significant difference in the mean 
diameter of the left hepatic artery compared 
with the diameter of the right hepatic artery (P 
< 0.0001). The size of the RHA was significantly 
smaller than the LHA in both rats’ strains. The 
LHA remained constantly larger in the presence 
or absence of liver tumor. The specific dimen-
sions of the hepatic artery vasculature are 
reported in Table 1. Additionally, we found a 
strong positive correlation between vessel dia- 
meters with Pearson’s correlation coefficient  

r and 95% CI of 0.65 (0.56-0.73) for the rela-
tionship between PHA and RHA, 0.67 (0.58-
0.74) and 0.71 (0.63-0.78) for PHA and LHA  
and RHA and LHA, respectively; P < 0.001.

Linear relationship between the diameter of 
the proper hepatic artery and the animals’ 
body weight

Results of linear regression modelling further 
confirmed a significant positive linear relation-
ship between the diameter of the proper he- 
patic artery and the animals’ body weight. In- 
terestingly, the results of the two separated lin-
ear regression models, in which we tested for 
interactions between the size of the PHA and 
body weight, in relation to (i) the presence of 
the tumor and (ii) rats’ strain indicate that the 
relationship between weight and PHA diameter 
differs significantly between tumor-bearing and 
non-tumor bearing rats (interaction = -0.00114; 
P = 0.0004). We found that body weight (coef-
ficient = 0.00147; P < 0.0001), and presence of 
tumor (coefficient = 0.40204; P = 0.0002) were 
significant predictors. However, a negative in- 
teraction term indicates that the diameter of 
the PHA does not increase as rapidly as the 
weight among tumor-bearing rats. Proper he- 
patic artery diameter could be predicted from 
the body weight (BW) by the following equation: 
PHA = 0.07841+0.00147 × BW for non-tumor-
bearing rats, and by PHA = 0.48045+0.00033 
× BW, for tumor-bearing rats, with an overall 
model fit R2 = 0.30. Second, the relationship 
between the diameter of the PHA artery and 
weight is not the same for SD and F344 rats 
(interaction = 0.00065472; P = 0.0002). Simi- 
lar to the SD model, weight (coefficient = 
0.00033058; P = 0.003), and rats’ strain (coef-
ficient = -0.27491; P < 0.0001) were significant 
predictors in the F344 rats. A positive interac-
tion coefficient, in this case, indicates that the 
diameter of the PHA increases more rapidly 
with weight for the F344 than for SD rats. In 
this model, taking into account the rat strain, 
the PHA diameter could be predicted from ani-
mal’s body weight (BW) by the following equa-
tion: PHA = 0.20554+0.00099 × BW for the 
F344, with an overall model fit of R2 = 0.51. 
Although estimated in two separate analyses, 
the size of the PHA for tumor-bearing SD rats 
can be predicted using the same equation 
described above. 

Table 1. Significant differences between the 
diameter of the left and right hepatic artery 
branches in the three rat cohorts
Vessel Mean (95% CI) SD P-value† 

Sprague-Dawley Non-Tumor-Bearing Rats (n = 41)
Body Weight 331 g [237-437]†† 

PHA 0.57 mm (0.53-0.62) 0.14
RHA 0.36 mm (0.33-0.39) 0.10 P < 0.0001
LHA 0.41 mm (0.37-0.44) 0.11

Sprague-Dawley Tumor-Bearing Rats (n = 50)
Body Weight 299 g [227-477]†† 

PHA 0.59 mm (0.57-0.61) 0.07
RHA 0.35 mm (0.32-0.38) 0.1 P = 0.0001
LHA 0.40 mm (0.38-0.42) 0.07

F344 Tumor-Bearing Rats (n = 83)
Body Weight 282 g [240-475]†† 

PHA 0.50 mm (0.48-0.52) 0.07
RHA 0.26 mm (0.24-0.27) 0.06 P < 0.0001
LHA 0.31 mm (0.30-0.32) 0.05
PHA: Proper Hepatic artery, RHA: Right Hepatic Artery, and 
LHA: Left Hepatic Artery, mm: millimeter (s), g: grams, 95% CI: 
95% Confidence Intervals of the mean value, SD: Standard 
Deviation. †Paired t-test, ††Body Weight: Median [minimum-
maximum].

Table 2. Logistic regression model to predict the 
likelihood of technical success of the procedure 
based on animals’ weight
Parameter DF Estimate SE Wald X2 P-value

Sprague-Dawley Non-Tumor-Bearing Rats
Intercept 1 56.63 29.91 3.59 0.058
Weight 1 -0.18 0.10 3.62 0.057

Sprague-Dawley Tumor-Bearing Rats
Intercept 1 -27.85 16.08 3.00 0.083
DF: Degrees of freedom, SE: Standard Error, Wald X2: Wald 
Chi-Square.



Factors impacting technical success rate of intra-arterial therapy

3766 Am J Transl Res 2019;11(6):3761-3770

Technical success of transcatheter arterial em-
bolization influenced by body weight 

The overall technical success rate of pro- 
per hepatic catheterization for Sprague-Daw- 
ley rats was 81.32% (74/91). Hepatic artery 
catheterization was achieved in 92% (46/50) of 
the tumor-bearing rats and 68.3% (28/41) of 
the rats in the non-tumor group. Table 2 sum-
marizes results of the logistic regression mo- 
del using the technical success of the proce-
dure, defined as the stable placement of the 
microcatheter tip into the PHA, as the respon- 
se and animals’ weight as the predictor. The fit 
of the logistic regression model, assessed by 
the area under the receiver operating charac-
teristic curve (AUC), yielded an AUC of 0.98,  

the microcatheter tip into the PHA is likely to  
be achieved. Such a decision rule generates a 
sensitivity and specificity of 91.3% [95% CI; 
79.21-97.58] and 100.0% [95% CI; 39.79-
100.00], respectively. 

Discussion

Rodent models are increasingly playing a cen-
tral role in interventional oncology research. 
Important drawbacks for implementation of 
catheter-based procedures in rats have been 
complexity of embolization procedure and lim-
ited survival after embolization. In this study, 
we described the main determinants of tech- 
nical success in one of the most commonly 
used rat strains in IO and established a corre- 
lation between these determinants and fea- 

Figure 3. Receiver operating characteristic curves predicting the technical 
success of proper hepatic artery catheterization according to the animal’s 
weight. A. Receiver operating characteristic curve of non-tumor-bearing 
Sprague-Dawley rats using a body weight cutoff ≤ 308 g, sensitivity, and 
specificity 96.4% and 92.3%. B. Receiver operating characteristic curve of 
tumor-bearing Sprague-Dawley rats using a body weight of cutoff ≥ 250 g; 
sensitivity and specificity of 91.3% and 100.0%. AUC: Area under the curve.

and a P value for the Hosmer-
Lemeshow (HL) goodness-of-
fit of 0.99 and R2 = 0.86. The 
model predicts that by dich- 
otomizing the body weight  
of non-tumor-bearing rats at 
308 grams, technical succe- 
ss of the procedure could be 
anticipated, excluding those 
animals who died of surgi- 
cal complications during the 
carotid artery cannulation. 
Therefore, for animals with 
body weight ≤ 308 grams the 
procedure is expected to fail 
due to a narrower PHA. Such  
a decision rule generates a 
sensitivity of 96.4% with 95% 
Clopper-Pearson confidence 
intervals of 81.65-99.91 and 
specificity of 92.3% [95% CI; 
63.97-99.81] (Figure 3A). Si- 
milarly, logistic regression  
was fitted to the 50 tumor-
bearing Sprague-Dawley rats, 
using the same parameters 
described above, yielding an 
AUC of 0.94 with an optimal 
cut-off value of 250 grams 
(Figure 3B). The HL goodness-
of-fit for this model was 0.91 
and R2 = 0.48, therefore in- 
dicating that the model fits  
the data well. Moreover, the 
results of the model imply that 
for animals weighing ≥ 250 
grams a stable placement of 
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sibility of arterial catheterization. Our results 
demonstrated that technical success of tran- 
scatheter arterial embolization using trans- 
carotid approach is proportional to the animal’s 
body weight at the time of catheterization. Our 
results also indicated that the right hepatic 
artery is consistently smaller than its left coun-
terpart in these two rat strains and remains 
smaller irrespective of the presence of liver 
tumor. The relationship between the diameter 
of the PHA and the weight of the animals is sig-
nificantly influenced by the presence of the 
tumor. Although this relationship is more pro-
nounced for F344 rats than for the SD tumor-
bearing rats, the weight-diameter association 
is preserved independently of the presence of 
the tumor, as observed in SD tumor-free rats. 

Recent technical advances in arterial access 
and endovascular techniques have enabled 
investigators to consistently perform hepatic 
angiography and catheter-based interventions 
in orthotopic rat liver tumor models without the 
need for laparotomy, thus closely mimicking 
procedures performed in patients. Transcathe- 
ter arterial embolization of rat liver tumors is 
increasingly successful with studies using both 
transcarotid or transfemoral access as routes 
to the hepatic artery [15-18]. When compared 
to direct gastroduodenal cannulation, these 
approaches have the advantage of substantial-
ly reducing surgical trauma by eliminating addi-
tional abdominal surgeries [15, 20, 21] or GDA 

agreement with a previous study published by 
Martins and Neuhaus, in which under direct 
observation using a surgical microscope, they 
have found proper hepatic artery diameters 
ranging from 0.2 to 0.5 millimeters in Wistar 
rats weighing 250-300 g [30], suggesting that 
diameters of hepatic vasculature are relative- 
ly conserved among different rats’ strains. Fur- 
thermore, our findings confirm that this associ-
ation is linear and enable investigators to accu-
rately infer the size of hepatic arterial vascula-
ture by simply measuring body weight. This 
knowledge can expedite animal screening and 
reduce unsuccessful procedures, as well as ex- 
perimental costs. This relationship is explain- 
ed by mechanisms of tumor vascularization in 
the liver [31], as the blood supply of hepatic 
tumors shifts from the portal vein to the he- 
patic artery [32]. 

Our results establish that investigators should 
avoid conducting studies in animals weighing ≤ 
250 grams in case of tumor-bearing rats and ≤ 
308 grams for non-tumor-bearing rats, given 
the increased risk of technical failure due to 
diminutive hepatic vessel size. By using the 
above-mentioned body weight cutoff points, we 
were able to confidently predict technical suc-
cess, with sufficient sensitivity and specificity. 
We observed that the size of the RHA was 
smaller than the LHA in both rats’ strains. The 
LHA remained constantly larger with or without 
the presence of liver tumor (s). Anatomic con-

Figure 4. Relevance of animal’s body weight at the time of hepatic artery 
catheterization. (A) Digital subtraction angiography depicting a suboptimal 
catheter position (arrowhead) due to a narrower artery diameter in a tumor-
bearing Sprague-Dawley rat weighing less than 250 g at the time of catheter-
ization. (B) Schematic representation showing a microcatheter positioned 
below the gastroduodenal artery (GDA) and proper hepatic artery (PHA). In 
this case, embolic material (i.e., drug-eluting beads, gelatin sponge, Intra-
arterial chemotherapy) injected through a microcatheter larger than the 
nominal diameter of the PHA can increase the risk of off-target embolization 
(asterisk) or incomplete treatment of the HCC tumor nodules. (C) Histologi-
cal micrograph of hematoxylin and eosin (H&E) stained tissue section of the 
same animal shown in (A), portraying incomplete embolization of the target 
lesion due to suboptimal catheter placement. Viable tumor (T), Normal liver 
parenchyma (NL) and tumor tissue necrosis (N). Scale bar: 1 mm.

arteriotomy [22-28]. For rats 
undergoing these procedures, 
instances of technical failure 
are typically secondary to dif-
ficulty advancing the micro-
catheter into the diminutive 
diameter of hepatic vessels or 
substantial nontarget emboli-
zation [16, 18] (Figure 4A, 
4B). Changes in the diameter 
of the hepatic vasculature in 
relation to the overall liver 
weight have been previously 
reported in a correlative stu- 
dy between rodents and hu- 
man livers, where authors 
have shown that liver perfu-
sion increases along with the 
size of the liver [29]. Our re- 
sults in regard to the proper 
hepatic diameter are also in 
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siderations such as RHA or LHA vessel size and 
tortuosity should be taken into account for 
each individual rat strain before performing 
tumor inoculation into a specific liver lobe, 
when selective lobar catheterization is antici-
pated. Familiarity with these features is critical 
to minimize technical difficulties, when cannu-
lating the proper hepatic artery or distal he- 
patic vasculature, thus reducing potential for 
vasospasm and non-target or incomplete em- 
bolization (Figure 4B, 4C). 

Seminal studies describing the hepatic vascu-
lar anatomy have reported key anatomical dif-
ferences in the development of the hepatobil- 
iary system between mice, rats, and humans 
[30, 33, 34]. It is important to highlight the  
fact that the absence of the gallbladder, cystic 
duct and cystic artery [33, 35] in rats, prevent 
the appearance of biliary complications, occa-
sionally observed in clinical practice following 
TACE. It is also important to consider the pres-
ence of collateral vessels arising from GDA and 
the existence of the hepato-esophageal artery, 
branching from the proximal left hepatic artery 
[30, 36]. In spite of the fact that these second-
ary vessels are difficult to visualize during fluo-
roscopy-guided hepatic arterial catheterization, 
the embolization or incomplete embolization of 
such vessels respectively, can negatively im- 
pact treatment outcomes.  

The present study has several limitations. First, 
we only included males in our experiments, 
therefore, additional correlative studies are 
needed to confirm if our observations apply to 
female rats. Second, we did not evaluate the 
procedural success in F344 rats, since the 
microcatheter (1.9-F) was bigger than the aver-
age diameter of the proper hepatic artery. 
Therefore, the optimal placement of the cathe-
ter into the hepatic artery was not always fea-
sible. For this reason, the sample size used to 
determine the best body weight cutoff values  
to maximize the success rates was limited to 
ninety-one animals and only a single rat strain. 
Despite this substantial limitation, we chose to 
include the F344 data to illustrate that impor-
tant anatomic and technical considerations are 
consistent among different strains. 

In conclusion, this study demonstrates that the 
animal’s body weight at the time of catheteriza-
tion is the main determinant of technical suc-
cess for transcatheter arterial embolization in 

orthotopic rat liver tumors. The association be- 
tween body weight and hepatic artery diame- 
ter is linear, and investigators can objectively 
estimate the size of hepatic arterial vascula-
ture. Familiarity with these technical consider-
ations could expedite animal selection, improve 
technical success rates, as well as limit experi-
mental costs.
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