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INTRODUCTION

Regional cancer therapy procedures such as transarterial che-
moembolization (TACE) have become mainstay in the treatment 
of unresectable primary and metastatic hepatic malignancies. 
TACE extends the life expectancy of patients with advanced he-
patocellular carcinoma, and it is now widely used for palliation. 
Arterial puncture is required to deliver chemotherapeutic agents 
to a hepatic tumor. In fact, patients often require one or more ad-
ditional arterial punctures to treat partially cured or new lesions. 
Safe and effective catheter-directed therapy can increase survival 

in this population which often has other associated comorbid 
conditions (1-3). The vascular closure device (VCD) is widely 
used in this population for patient comfort and safety (4, 5).

In the mid-1990s, the VCD was introduced into clinical prac-
tice with the aim of improving the efficacy and safety of percu-
taneous procedures (6). The devices are implanted to close the 
arteriotomy site of the vessel wall by targeted force. Different 
types of VCDs have been developed, including intravascular 
and extravascular devices (7, 8). Increased efficacy, i.e., decreased 
time to hemostasis and earlier ambulation, has been a consistent 
finding in different VCD trials compared with manual compres-
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sion (9-11). VCD is preferred to manual compression in pa-
tients with coagulopathy (12, 13). The common femoral artery 
(CFA) is the most common puncture site and is usually includ-
ed in the scanning range of follow-up abdominal CT images. 
However, changes in puncture sites after VCD insertion have 
seldom been reported.

The purpose of this study is to evaluate the morphologic 
changes in TACE puncture sites after VCD (ExoSeal; Cordis, 
Miami Lakes, FL, USA) implantation in patients using follow-
up CT.

MATERIALS AND METHODS

Study Population

Our hospital’s institutional review board approved this retro-
spective study and waived the informed consent requirement. 
We performed 628 TACE procedures in 600 patients between 
December 2008 and March 2014. A total of 67 VCDs were de-
ployed in 58 patients with low coagulation profiles [platelet count 
< 50000/µL or prothrombin time–international normalized ra-
tio (PT-INR) > 1.4], and in those who requested VCD implan-
tation. Among those 58 patients, 24 patients who used ExoSeal 
VCD were evaluated further for inclusion in this study. Eight of 
the 24 ExoSeal VCD patients were excluded for the following 
reasons (Fig. 1): 1) contrast-enhanced abdominal CT examina-
tion was not performed before or after TACE (n = 4), 2) CFA 

images were not included in the pre- or post-TACE CT (n = 2), 
3) both ExoSeal and another VCD were used in one patient dur-
ing the study period (n = 2). A total of 16 patients (4 females, 12 
males; mean age, 62.3 years; range, 45–78 years) were enrolled in 
this study. The mean serum platelet count was 64875/µL (range, 
29000–161000) and mean PT-INR was 1.23 (range, 0.97–1.49). 
The demographic data of these 16 patients are summarized in 
Table 1.

Clinical information concerning the cases, including serum 
platelet count, PT-INR, number of closures with a VCD, num-
ber of punctures, and presence of complications were collected 
through a review of our institution’s electronic medical records 
system.

CT Examination

All patients underwent pre-TACE abdominal CT imaging in-
cluding the right CFA with the injection of contrast medium. The 
mean time between pre-TACE CT imaging and TACE was 39 
days (range, 2–108 days), and there was no prior history of endo-
vascular procedures requiring an arterial puncture via the CFA, 
especially on the right side.

The patients underwent follow-up CT examinations at our 
institution 1 month after every TACE session for evaluation of 
the viable tumor. If any viable portion of the tumor was detected, 
a subsequent TACE was performed. We reviewed all 1-month 
follow-up CT images, as well as the latest CT images, to evalu-

Table 1. Patient Demographics and Clinical Information
Sex (male:female) 12:4
Mean age 62.3
Etiology of underlying LC

HBV 12
HCV 2
Combined 1
Unknown 1

Child-Puch score
A 9
B 7
C 0

Mean platelet count (/µL) 64875
Mean PT-INR 1.23
Mean number of puncture 2.13
Mean number of closure 1.31

HBV = hepatitis B virus, HCV = hepatitis C virus, LC = liver cirrhosis, PT-INR = 
prothrombin time-international normalized ratio

Fig. 1. Inclusion criteria. 
CT = computed tomography, TACE = transarterial chemoembolization, 
VCD = vascular closure device

42 patients excluded
  11: ‌�unavailable pre or post TACE enhanced 

abdominal CT
  20: pre or post TACE CT not including puncture site
  2: ‌�using both ExoSeal and other VCD during study 

period
  7: using other VCD
  2: closure failure

628 TACEs in 600 patients

67 VCDs in 58 patients

ExoSeal in 16 patients
13: once, 1: twice, 2: three times
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ate long-term ExoSeal-related vessel wall changes. The mean 
time between the first TACE session and the final CT examina-
tion was 616 days (range, 95–1106).

Different CT systems (Somatom Definition Flash, Somatom 
Definition AS+, or Somatom Sensation 16, Siemens Medical Sys-
tems, Erlangen, Germany; and Discovery 750HD, General Elec-
tric Medical Systems, Milwaukee, WI, USA) were used at 180–
250 mA and 120 kV. CT examinations included the area from 
the dome of the hemidiaphragm to the level of the femoral neck, 
and included unenhanced and contrast agent–enhanced dynam-
ic imaging after initiation of the contrast agent injection (late ar-
terial phase, 20–25 seconds; portal venous phase, 50–60 seconds; 
and delayed phase, 3–5 minutes).

Closure of Arterial Puncture

All TACE procedures were performed via 5F sheath access in 
the right CFA. Upon completion, puncture sites were closed us-
ing an ExoSeal VCD. The VCDs were implanted by one author 
with 8 years of experience in interventional radiology (U.B.J.). 
Anticoagulation status and body habitus were assessed at the 
time of closure to ensure appropriate choice of closure device. 
After closure, patients were restricted to bedrest for 3 hours and 
then allowed to ambulate. Any evidence of complications was 
recorded and appropriate therapy was initiated.

Image Analysis

The CT images were evaluated to consensus by two abdomi-
nal radiologists (J.W.L. and T.U.K.) who had 20 and 5 years of 
experience, respectively. One month after TACE, CT measure-

ments were made of the diameters and anterior wall thicknesses 
of the puncture sites in the right CFA, and compared with mea-
surements at the same level of the left CFA. All measurements 
were taken on the portal venous or delayed phase. The presence 
of puncture- and device-related complications such as pseudoa-
neurysm, arterial dissection, occlusion, arteriovenous fistula, 
luminal filling defect, large hematoma (> 3 cm), or groin infec-
tion was also evaluated. The CT images collected before TACE 
and during the follow-up periods were analyzed in the same 
manner. Special attention was given to match the CT images of 
the same patient at different follow-up time points by using 
several anatomical landmarks (i.e., femoral bifurcation, ingui-
nal lymph nodes).

Statistical Analysis

The differences in CT measurements of puncture site diame-
ters and anterior wall thicknesses between the right and left CFA 
were compared using Student’s t-test. The changes in CT mea-
surements of the puncture site in the right CFA at different fol-
low-up time points were compared using the Wilcoxon signed 
rank test. All of the statistical analyses were processed using SPSS 
21.0 (IBM SPSS Statistics, IBM Corp., Armonk, NY, USA). A p-
value < 0.05 was considered statistically significant.

RESULTS

The 16 patients included in this study underwent a total of 34 
CFA punctures and 21 closures with an ExoSeal VCD. The mean 
number of punctures per patient was 2.13 (range, 1–5) and mean 

Fig. 2. A 59-year-old female patient (patient #4) underwent TACE for HCC, and after the procedure ExoSeal was applied in the right CFA. The 
second TACE was performed after 3 months of follow-up. At that time, the puncture site was closed using simple manual compression.
A. Preprocedural CT demostrates two patent CFAs with no wall thickening.
B. One-month follow-up CT shows eccentric wall thickening with soft-tissue density (white arrow) at the puncture site.
C. Seven-month follow-up CT demostrates disappearance of the soft-tissue density during the follow-up period.
CFA = common femoral artery, CT = computed tomography, HCC = hepatocellular carcinoma, TACE = transarterial chemoembolization

A B C
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number of closures was 1.31 (range, 1–3).

Morphology of Attached VCD

The CT images 1 month after the first TACE demonstrated 
changes in the puncture sites compared to the pre-TACE CT im-
ages. They showed eccentric anterior wall thickening with soft-
tissue densities at the punctured right CFA representing the he-
mostatic plug. The mean hemostatic plug size was 4.1 ± 1.6 mm 
(range, 2–7 mm). 

Changes of Attached VCD in Follow-Up CT Images of 

Single VCD Use Group

Among the 16 patients, 13 patients (81%) used one ExoSeal 
VCD alone during the study period. The mean size of the he-

mostatic plug seen on the 1-month follow-up CT images after 
the first TACE of these patients was 3.6 mm (range, 2–4). The 
final CT images of these patients demonstrated partial or total 
absorption of the hemostatic plug. The mean size of the residual 
hemostatic plug on the final CT images was 1.0 mm (range, 0–4), 
a significantly smaller size compared to that seen in the 1-month 
follow-up CT images (p = 0.001). The final CT images of seven 
patients (54%) showed total resorption of the hemostatic plug. 
The mean duration between the first TACE and final CT exam-
ination in these patients was 727 days (range, 278–1106 days) 
(Fig. 2). The final CT images from the other six patients dem-
onstrated partial resorption. The mean duration between the 
first TACE and final CT examination was 323 days (range, 95–
614 days). The diameters of the CFA puncture sites (mean, 9.19 
mm; range, 7–11 mm) were not statistically different from those 
of the contralateral CFA on the final follow-up CT (p = 0.885). 
The changes in hemostatic plug size and right femoral artery 
lumen diameter are summarized in Table 2.

CT Changes in the Multiple VCD Use Group

Three patients had at least one repeated ipsilateral vascular 
closure. Two patients had three ExoSeal vascular closures, while 
the other patient had two vascular closures during the study pe-
riod. The mean hemostatic plug size on the CT images 1 month 
after the first TACE session was 4.66 mm (range, 3–7mm). This 
was decreased to 2.00 mm (range, 0–4 mm) on the final CT im-
ages. The mean duration between the last VCD used in a TACE 
session and the final CT examination was 416 days (range, 234–
587 days). The puncture site CFA diameters (mean, 9.19 mm; 
range, 7–11 mm) were not significantly different from the con-
tralateral CFA diameters (mean, 9.13 mm; range, 9–11 mm) in 
the final follow-up CT images in both groups. The results are 

Table 2. Changes in Wall Thickness and Lumen of the Right Femoral 
Artery in the Single-Use ExoSeal Group (mm)

No
Pre 1st FU Final FU

W L W L W L
1 0 8 2 8 0 10
2 0 8 5 7 0 7
3 0 9 5 8 2 8
4 0 9 4 10 2 10
5 0 9 4 10 0 11
6 0 10 2 11 0 10
7 0 9 6 8 2 9
8 0 8 6 11 0 9
9 0 9 2 10 0 10

10 0 9 5 9 2 10
11 0 9 2 8 1 8
12 0 9 4 8 0 9
13 0 6 4 4 4 7

Pre = pre-transarterial chemoembolization (TACE) computed tomography 
(CT), 1st FU = first TACE 1-month follow-up CT, Final FU = final follow-up, 
W = wall thickness of the right femoral artery (puncture site), L = lumen 
diameter of the right femoral artery

Table 3. Changes in Wall Thickness and Lumen of the Right Femoral Artery in the Multi-Use ExoSeal Group (mm)

No
Pre 1F 2F 3F 4F 5F FF

W L W L W L W L W L W L W L
1 0 8 3* 7* 7† 8† 3 8 5‡ 8‡ - - 2 9
2 0 9 7* 9* 2 9 2† 9 1 8 3 9 4 9
3 0 12 4* 10* 1† 11† - - - - - - 0 11

*First VCD used TACE 1-month follow-up.
†Second VCD used TACE 1-month follow-up.
‡Third VCD used TACE 1-month follow-up.
Pre = pre-transarterial chemoembolization (TACE) computed tomography (CT), 1F–5F = first to fifth TACE 1-month follow-up CT, W = wall thickness of the 
right femoral artery (puncture site), L = diameter of the right femoral artery lumen, FF = final follow-up, VCD = vascular closure device
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summarized in Table 3. No closure failures or VCD-related com-
plications occurred in these patients.

DISCUSSION

In this study, we used ExoSeal VCDs for closing arteriotomy 
sites. The ExoSeal VCD is a novel, bioabsorbable device which 
is introduced directly through a vascular sheath. The device de-
ploys a polyglycolic acid plug over the arteriotomy site, using a 
visually guided deployment mechanism (14). The 1-month fol-
low-up CT examinations in this study showed eccentric wall 
thickening with soft-tissue densities at the anterior wall of the 
CFA, which resembled the bioabsorbable plug. Therefore, the 
eccentric soft-tissue dense wall thickening was assumed to be 
the hemostatic plug (15). We found that the diameters of the 
puncture site CFA did not differ significantly from the contralat-
eral CFA on the 1-month and final follow-up CT images in both 
the single and multiple vascular closure groups, which suggests 
the safety of this VCD. Our results correspond to those of pre-
vious studies showing the safety and efficacy of these VCDs (7, 
16, 17). Because the hemostatic plug is attached to the outside 
of punctured vessel wall (18), it is assumed that the ExoSeal VCD 
rarely induced luminal narrowing in the vessel. It is known that 
the hemostatic plug of the ExoSeal is fully resorbed within 60–
90 days (18), but only 54% of our cases showed a completely re-
sorbed hemostatic plug. The remaining cases demonstrated 
partial resorption at a mean follow-up duration of 323 days, 
which was longer than the duration reported in a previous study. 
Choo et al. (15) evaluated the hemostatic plug change in an 
ExoSeal group in 6-month follow-up sonograms, and showed a 
partial resorption, consistent with our results.

Although it was a small number, three patients in this study 
underwent ExoSeal VCD implantation at least twice. There was 
no puncture-related problem such as pain or puncture failure 
during the study period, and follow-up CT images of these pa-
tients demonstrated no evidence of VCD-related complications. 
Boschewitz et al. (14) also showed that the ExoSeal VCD is safe 
and effective in repeated closures of retrograde percutaneous 
femoral arterial access in a study including a total of 404 repeated 
closures in non-cardiac settings such as transarterial hepatic pro-
cedures. They even demonstrated four cases of repeated vascular 
closures on the same day and an additional 196 cases in which 

the time between the two closures was shorter than the time the 
plug needs to dissolve completely (60–90 days), and reported no 
occurrence of hemostatic or technical difficulties in those cases.

This study had several limitations. First, it was retrospective 
and included a small number of patients with only one device 
and short follow-up periods. In particular, the sample size (n = 
3) for repeated vascular closures was too small for interpreting 
the arterial changes after the repetitive punctures during TACE, 
which is usually done repetitively. Further evaluation with a large 
number of patients, and various VCDs with longer study peri-
ods, will be necessary for assessing clinical significance. Second, 
the follow-up durations and numbers of punctures of each pa-
tient were not exactly the same. Although these factors can af-
fect vascular wall changes, the effect is considered minor. Third, 
no histological confirmation of the CT findings of the VCD 
vascular closures was performed. Moreover, there are no previ-
ous histological studies about the CT findings of VCD vascular 
closures. Thus, there is little definite evidence to interpret the CT 
findings. However, because the follow-up CT appearance of 
ExoSeal was very similar to the unique structure of the device, the 
eccentric anterior wall thickening with soft-tissue density was 
identified as the hemostatic plug of ExoSeal. Thus, a further his-
tological study is required.

In conclusion, follow-up CT images in patients who under-
went TACE and vascular closure with an ExoSeal VCD showed 
no evidence of significant vascular stenosis or significant vessel 
wall thickening despite repetitive punctures. Therefore, ExoSeal 
VCD can be used safely to achieve hemostasis after regional on-
cologic interventional procedures in patients with hepatic ma-
lignancy.
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혈관지혈기구 사용 후 CT에서의 천자 부위 변화

류화성1 · 장주연1 · 김태언1 · 이준우1 · 박정환1 · 추기석1 ·  
조 몽2 · 윤기태2 · 홍영미2 · 전웅배1*

목적: 본 연구의 목적은 간동맥화학색전술(transarterial chemoembolization) 시행 후 ExoSeal 혈관지혈기구(vascular 

closure device)를 사용한 환자들의 전산화단층촬영(computed tomography; 이하 CT)에서의 천자 부위 변화를 연구하는 

것이다.

대상과 방법: 간동맥화학색전술 후에 지혈기구(ExoSeal)를 사용한 16명의 환자를 대상으로 시술 전과 후 CT에서의 우

측 온넙다리동맥(common femoral artery)의 직경과 앞 벽 두께를 측정하여 좌측과 비교하였고, 시간 변화에 따른 천자 

부위의 변화를 관찰하였다. 천자와 관련되었거나, 지혈기구와 관련된 합병증을 조사하였다.

결과: 천자와 관련되었거나, 지혈기구와 관련된 합병증은 보이지 않았다. ExoSeal을 사용한 환자에서 우측 온넙다리동맥

의 천자부위에 편심성 전벽 비후가 보였고, 추적 CT에서 완전 또는 부분적 흡수를 보였다. 모든 환자에서 반대쪽과 비교 

혹은 시간 변화에 따른 비교를 하였을 때, 유의한 직경 변화는 보이지 않았다.

결론: 추적 CT에서 ExoSeal 혈관지혈기구 사용으로 인한 천자 부위의 유의한 직경감소나 혈관 벽의 비후는 관찰되지 않

았다.
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