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Abstract
AIM: To conduct a single-stage, combined computed 
tomography (CT) arterial portography (CTAP) and CT ar-
teriography (CTA) imaging operation, we used Y-shaped 
sheaths with 2 valves, which allowed the insertion of 2 
catheters simultaneously.

METHODS: Of 1254 patients who underwent abdomi-
nal angiography for transarterial embolization and/or 
intraarterial chemotherapy in our department from 
May 2002 to November 2009, 664 patients in whom 
Y-shaped sheaths with 2 valves were used underwent 
CT angiography using a combination of CTA and CTAP. 
The Seldinger method was used to insert a 10 cm 
Y-shaped short sheath with 2 valves into the femoral 
artery. Under radiographic guidance, a 3.2 French (Fr) 
catheter was placed in the celiac artery or proper hepat-
ic artery, and a second 3.2 Fr catheter was then placed 
distal to the inferior pancreaticoduodenal artery of the 
superior mesenteric artery. CTAP was then performed 
followed by CTA 10 min later. Photographs were taken 
during the early and late phases of the procedure.

RESULTS: Insertion of 3.2 Fr catheters was not pos-
sible in 6 of 664 (0.9%) patients with strong curvature 
of the femoral artery and 4 of 664 (0.6%) patients with 
strong curvature of the abdominal aorta. In addition, 
performing CTAP and CTA as a single-stage combined 
intervention was not possible in 14 of 664 (2.1%) pa-
tients whose right hepatic artery originated from the su-
perior mesenteric artery and in 8 of 664 (1.2%) patients 
whose left hepatic artery branched from the left gastric 
artery. There were no sheath-related complications such 
as those related to arterial dissection or hemostasis.

CONCLUSION: Although transfers to and from the CT 
room were necessary for anatomically variant patients, 
CT angiography using the Y-shaped sheath for com-
bined CTAP and CTA was considered useful.
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INTRODUCTION
Computed tomography (CT) arterial portography (CTAP) 
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has an extremely high detectability of  liver tumors such as 
hepatocellular carcinoma (HCC) and metastatic liver carci-
noma[1-3]. However, the disadvantage of  using CTAP alone 
is that it does not allow for evaluation of  arterial blood 
flow or the existence of  non-neoplastic low-concentration 
regions[3]. Therefore, the combination of  CTAP with CT 
arteriography (CTA) would make it possible to evalu-
ate arterial blood flow, improve the detectability of  liver 
tumors, and reduce the occurrence of  false positives[4,5]. 
Murakami et al[3] revealed that there was no significant dif-
ference between the sensitivity of  CTAP (85%) and CTA 
(87%) for HCC nodules. However, they concluded that 
the combination of  CTAP and CTA showed significantly 
higher sensitivity than either CTAP or CTA alone. 

In facilities where interventional radiology CT systems 
are not available, performing the 2 procedures can be 
complicated and may include having to transfer patients 
between the angiography and CT rooms. To conduct a 
single-stage, combined CTAP and CTA imaging opera-
tion, we used Y-shaped sheaths with 2 valves, which 
allowed the insertion of  2 catheters simultaneously. In 
the current paper, we report on the usefulness of  this ap-
proach and the problems associated with it.

MATERIALS AND METHODS
Subjects and methods
CT angiography has been used in our department since 
May 2002. Of  the 1254 patients who underwent abdomi-
nal angiography in our department from May 2002 to 
November 2009, 664 patients (421 men and 243 women) 
were selected to undergo CT angiography with a combi-
nation of  CTA and CTAP using Y-shaped sheaths with 2 
valves. Exclusion criteria included patients older than 80 
years and patients with advanced liver disease (Child-Pugh 
class C), hepatic encephalopathy, refractory ascites, coagu-
lation abnormality, and portal branch occlusion. Excluded 
patients in this study underwent abdominal angiography 
with/without CTAP only through a 5 French (Fr) single 
sheath. In addition, these patients were excluded from the 
study because the tumor lesion showed no hypervascular-
ity and CTA was not needed. 

A 10 cm Y-shaped short sheath (6 Fr) with 2 valves 
(S1 Sheath, Terumo Clinical Supply Co., Ltd, Japan) was 
inserted into the right or left femoral artery, using the 
Seldinger method (Figure 1). Angiography then was per-
formed. The Y-shaped sheaths with 2 valves allowed for 
simultaneous insertion of  2 catheters (3.2 Fr; Selecon PA 
catheters, Terumo Clinical Supply Co., Ltd, Japan) from 
either the linear directional valve or the 30 degree angle 
valve (Figure 1). 

Shepherd hook or cobra-type 3.2 Fr catheters (Terumo 
Clinical Supply Co., Ltd., Japan) were used (Figure 1). 
The first was placed under radiographic guidance into the 
proper hepatic artery, and the second was placed distal to 
the inferior pancreaticoduodenal artery of  the superior 
mesenteric artery. Patients then were moved to the CT 
room, where CTAP was performed followed by CTA 
10 min later. For CTAP, 40 mL of  a nonionic contrast 

medium 140 mg I/mL (Omnipaque 140; Daiichi Sankyo, 
Tokyo, Japan) was injected into the superior mesenteric 
artery at a speed of  2.0 mL/s. CT imaging of  the entire 
liver was performed 30 s after the beginning of  the in-
jection of  the contrast medium. For CTA, 40 mL of  a  
140 mg I/mL nonionic contrast medium was injected at 
a speed of  2.0 mL/s after insertion of  a catheter into the 
proper hepatic or common hepatic artery. CT imaging of  
the entire liver was performed 10 s after the beginning of  
the injection of  the contrast medium for phase Ⅰ (early 
arterial phase) and 40 s later for phase Ⅱ (delayed phase). 
CT imaging was performed at a voltage of  130 kV, a tube 
current of  200 mA, an X-ray beam width of  7 mm, and a 
table speed of  7 mm/s (Figure 2).

RESULTS
A total of  552 patients had HCC and 112 patients had 
metastatic liver cancer. The primary tumor was colon can-
cer in 61 cases, gastric cancer in 31 cases, and pancreatic 
cancer in 20 cases. Average age (± SD) was 69 ± 6 years.

Although 3.2 Fr catheters lack torque ability, we 
encountered no resistance to their insertion into the 2 
Y-shaped valves when a 0.025 inch guidewire was inserted 
into the catheters. We were able to select the superior 
mesenteric artery and the common hepatic artery easily. 
A representative case revealed that classical HCC was di-
agnosed simultaneously by CTAP and CTA using 3.2 Fr 
catheters in the Y-shaped sheath (Figure 3). Insertion pre-
sented difficulties in only 26 (4.0%) of  the 664 patients; 
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Figure 1  Y-shaped sheath and catheter systems.  A: Y-shaped sheath with 2 
valves and 2 catheters (3.2 French in size) through the angiographic sheath. B: 
Placing Y-shaped sheath introducers through the right femoral artery.
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in these cases, CTAP and CTA had to be performed 
separately. Of  the 26 patients, 21 (3.8% of  552 cases) had 
HCC, and 5 (4.46% of  112 cases) had metastatic liver 
cancer (Table 1). There was one patient in whom the pres-
ence of  the first catheter impeded smooth sliding of  the 
second catheter, rendering insertion impossible. In this 
case, manipulation of  the second catheter caused the first 
catheter to move. As a result, it was impossible to perform 
CTAP and CTA as a single-stage combined operation. In 
6 patients with strong curvature of  the femoral artery and 
3 patients with strong curvature of  the abdominal aorta, 
sheath insertion was difficult and insertion of  the 3.2 Fr 
catheter impossible (Figure 4).

In addition, it was impossible to perform CTAP and 
CTA in 2 separate rounds in 12 of  18 patients with an 
anatomical anomaly (replaced right hepatic artery), in 
which the right hepatic artery branched from the superior 
mesenteric artery. In addition, CTAP and CTA as a single-
stage combined operation was not possible in 6 (0.9%) of  
664 patients whose left hepatic artery branched from the 
left gastric artery.

No arterial spasm or intimal damage was found in 
any of  the patients, and catheter placement was feasible. 
Time to hemostasis was 15 min or less in all patients 
and was not different from time to hemostasis using 5 
Fr sheaths. However, a marked subcutaneous hematoma 

was found in one patient with advanced hepatic cirrhosis 
and a marked decrease of  coagulation factors.

DISCUSSION
CTA and CTAP are useful for understanding the dynam-
ics of  blood flow in the diagnosis of  liver tumors[1-3]. They 
are particularly useful as diagnostic imaging methods for 
evaluating the degree of  progression of  HCCs. These 
liver tumor imaging techniques provide transcatheter 
angiography technology, allowing separate evaluation of  
hepatic arterial and portal blood flow, in combination 
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A 10 cm Y-shaped short sheath (Figure 1) was inserted into the femoral artery, using the Seldinger method

Simultaneous insertion of 2 catheters from either the linear directional valve or the 30 degree angle valve

CTAP was performed after injection of nonionic contrast medium into the  superior mesenteric artery 
CTA was performed after injection of nonionic contrast medium into the proper hepatic or common hepatic artery 10 min after CTAP

Conventional angiography including TACE/TAE

Transfer to CT room from angiography room

Transfer to angiography room from CT room

Figure 2  The whole diagnostic process including insertion of the catheters, angiography, computed tomography arterial portography and computed to-
mography arteriography. CT: Computed tomography; CTAP: CT arterial portography; CTA: CT arteriography; TACE: Transcatheter arterial chemoembolization; TAE: 
Transarterial embolization.  

Figure 3  Representative case of classical hepatocellular carcinoma diagnosed using 3.2 Fr catheters in the Y-shaped sheath. A: Computed tomography (CT) 
arterial portography; B: CT arteriography early phase; C: CT arteriography late phase.

A B C

Table 1  Insertion difficulty cases

n  (%)

Overall 26/664 (3.91)
Hepatocellular carcinoma 21/552 (3.80)
Metastatic liver tumor   5/112 (4.46)
Reason for insertion difficulty

Sliding by friction of 2 catheters: 1 case
Strong curvature of femoral arteries: 6 cases
Strong curvature of abdominal aorta: 3 cases
Anatomical anatomy 

Replaced right hepatic artery: 12 cases
Left hepatic artery from the left gastric artery: 4 cases
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with CT technology, resulting in an exhaustive volume of  
data[6]. 

In Japan, CT angiography has become the gold stan-
dard for the diagnosis of  liver tumors since its develop-
ment by Matsui et al[7,8]. CTA/CTAP have made early 
diagnosis of  early HCC possible. In addition, these tech-
niques have made it possible to detect microscopic HCC 
that are difficult to detect with conventional CT. Results 
provide information that is important in determining 
treatment selection for patients with HCC.

CTA/CTAP selectively enhances the contrast of  the 
portal vein and the hepatic artery through the superior 
mesenteric artery, and the resulting CT liver images are 
used for evaluation. During angiography, it is necessary to 
insert a catheter into the superior mesenteric and hepatic 
arteries, or, in certain circumstances, into other blood ves-
sels in order to perform a contrast-enhanced CT. For this 
reason, it is necessary to move between the angiography 
device and the CT device. When there is a need to per-
form CTA/CTAP, a catheter is placed into the superior 
mesenteric artery under radiographic guidance, with the 
patient positioned on the angiography equipment; the 
patient then is transferred to a stretcher for transfer via a 
long corridor to the CT room, where he or she is moved 
again, this time to the CT machine. During this laborious 
process, patients sometimes experience dislodgement of  
the catheter, which may occur after CT images are taken. 
Therefore, in many facilities without interventional radiol-
ogy systems, the transfer from the angiography room to 
the CT room can pose problems when CTAP and CTA 

are performed together. Consequently, revising the pro-
cess to include only one transfer is desirable to minimize 
examination time, the burden on patients, and any associ-
ated complications. Thus, various innovations, such as 
puncture in both inguinal regions[9], and the use of  bal-
loon catheters and coaxial systems, have been devised. 

Irie et al[10] devised a process for combining CTAP 
and CTA by performing a single puncture of  the femo-
ral artery using balloon catheters. However, the pro-
cedure was complicated because of  the possibility of  
inflow of  contrast medium into the hepatic artery during 
CTAP. Therefore, expectations shifted to sheaths allow-
ing insertion of  2 catheters, ideally through a puncture 
at a single location. In our hospital, the use of  Y-shaped 
sheaths with 2 valves is used in combination with CT an-
giography, thereby reducing the coming and going from 
the CT room to the angiography room to a minimum.

To our knowledge, there have no reports on the ef-
ficacy and safety of  these procedures. CTAP images are 
not obtained by this method because of  the possibility 
of  inflow of  the contrast medium to the hepatic artery 
through the inferior pancreaticoduodenal artery due to 
the introduction of  the contrast medium at the superior 
mesenteric artery. In addition, collateral circulation, such 
as a splenorenal shunt accompanying portal hyperten-
sion, can reduce the hepatopetal flow from the portal vein 
and attenuate contrast images of  the liver. However, pure 
CTAP images have been obtained by placing a catheter in 
the superior mesenteric artery distal to the inferior pan-
creaticoduodenal artery, thereby avoiding inflow to the 
hepatic artery. Additionally, because 3.2 Fr catheters have 
no torque ability, it is necessary to replace the catheters in 
patients with strong curvature or arteriosclerosis of  the 
abdominal aorta. Murakami et al[11] reported that the triple-
lumen balloon catheter technique is useful and convenient 
in the serial performance of  CTAP and CTA. 

Although movement to and from the CT room is nec-
essary for some patients with anatomical anomalies, CT 
angiography using the Y-shaped sheath with 2 valves is 
still considered useful. These sheaths allow for the simul-
taneous insertion of  2 catheters (3.2 Fr) from either the 
linear directional valve or the 30 degree angle valve. In ad-
dition, even though the 6 Fr catheter has a bigger diame-
ter than the 5 Fr catheter, no sheath-related complications 
relating to arterial dissection or hemostasis have been ob-
served. Because 3.2 Fr catheters have low visibility under 
radioscopy, we selected the celiac artery and the superior 
mesenteric artery by inserting a 0.025 inch guidewire into 
the catheter. However, because 3.2 Fr catheters also have 
no torque ability, some patients with strong curvature or 
arteriosclerosis of  the abdominal aorta also need catheter 
replacement. In some of  these patients, the issue has been 
resolved by the use of  25 cm long sheaths. There were no 
sheath-related complications such as those related to arte-
rial dissection or hemostasis. No arterial spasm or intimal 
damage was found in any of  the patients, and catheter 
placement was feasible.

There have been reports that treatment outcomes 
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Figure 4  Sheath insertion was difficult and insertion of the 3.2 Fr catheter 
was impossible. A: Representative case with strong curvature of the femoral 
artery; B: Representative case with strong curvature of the abdominal aorta.
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have been improved by the use of  CTAP and CTA in 
transcatheter arterial chemoembolization[12]. Determin-
ing how to deal with anatomical anomalies of  the hepatic 
artery during CTA remains an ongoing challenge. Of  the 
various modalities for the diagnostic imaging of  liver tu-
mors, CTA is a complex and invasive procedure; however, 
it is a unique and also the most sensitive method for the 
assessment of  blood flow in hepatocellular nodules, and 
it allows excellent, separate analysis of  the blood supply in 
the hepatic artery and portal vein. 

In conclusion, we report that the complicated pro-
cess involved in the transfer of  patients between angiog-
raphy and CT rooms could be improved by the use of  
the Y-shaped sheath with 2 valves.

COMMENTS
Background
Computed tomography (CT) arterial portography (CTAP) and CT arteriography 
(CTA) has been widely used for the high detectability of liver tumors. However, 
in facilities where interventional radiology CT systems are not available, it is 
necessary to move twice between the angiography room and the CT room to 
perform CTAP and CTA. Y-shaped sheaths with 2 valves are useful to conduct 
a single-stage, combined CTAP and CTA imaging operation. 
Research frontiers
In this study, the usefulness of CTAP and CTA by Y-shaped sheath and the 
problems associated with the procedure are reported.
Innovations and breakthroughs
This study has confirmed that a Y-shaped sheath with 2 valves could avoid the 
complicated process involved in the transfer of patients between angiography 
and CT rooms. 
Applications 
Y-shaped sheaths in CT angiography for examination of liver tumors is useful to 
conduct a single-stage, combined CTAP and CTA imaging operation. 
Peer review
This is an interesting study. The authors present a series of 664 patients with 
hepatic tumors who underwent CT arteriography and arterial portography, ap-
plying a new approach using Y-shaped sheaths. The authors concluded that 
using this new device, the complicated process involving the transfer from the 
angiography CT suite could be improved.
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