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Abstract. The present study aimed to evaluate the clinical 
efficacy and safety of angiography and coil embolization for 
pseudoaneurysm post‑pancreatoduodenectomy (PD). A total 
of 17 patients with gastrointestinal or abdominal hemorrhage 
after PD were included in the present study. Angiography 
was performed on the celiac artery, common hepatic artery, 
splenic artery, gastroduodenal artery and superior mesenteric 
artery to determine the size of the pseudoaneurysm, the parent 
artery and its collateral branches. A variety of embolization 
techniques have been applied to embolize pseudoaneurysm, 
including the sac packing technique, proximal embolization, 
exclusion technique and sandwich technique. Different tech‑
niques with coils were used for embolization and the clinical 
effects of embolization were analyzed. A total of 18 pseudoa‑
neurysms were identified in 17 patients. In 2 patients, severe 
technical complications occurred, including migration of the 
coil and rupture of pseudoaneurysm, and one of them died, 
which may have been associated with this complication. No 
serious clinical complications were observed in the other 
patients. A total of 7 patients had mild clinical complications, 
including mild abdominal and dorsal pain, which were allevi‑
ated after symptomatic management. A total of 15 patients 
with definite pseudoaneurysm were successfully embolized 
without re‑bleeding and complications. The clinical success 
rate was 94.1% (16/17). In conclusion, a variety of embolization 
techniques may be applied for the treatment of pseudoaneu‑
rysm after PD, which have high technical and clinical success 
rates and small trauma. It is recommended in emergency 
situations, but care should be taken to avoid serious technical 
complications.

Introduction

Pancreaticoduodenectomy (PD), first performed in 1909, was 
popularized by the American surgeon Professor Allen Whipple 
and is therefore known as ‘Whipple operation’ (1,2). PD is the 
standard surgical procedure for treating periampullary tumors 
(including ampullary carcinoma, duodenal adenocarcinoma 
and distal bile duct cancer) and pancreatic head carcinoma and 
includes two surgical approaches: Transabdominal PD and 
laparoscopic PD (3,4). PD has been historically considered to 
be the most complex and promising procedure (5). Particularly 
in recent years, the minimally‑invasive PD technique has been 
extensively performed and accepted as an effective method 
for treating pancreatic lesions (6). However, the complications 
post‑PD, including bleeding, pseudoaneurysm, arteriovenous 
fistula, infection, have constantly impeded the development 
of Whipple operation  (7). Among the above‑mentioned 
complications, delayed post‑pancreatectomy hemorrhage 
(PPH) is one of the relatively severe vascular adverse events, 
which is usually caused by rupture of pseudoaneurysm (8). 
The pseudoaneurysm is frequently caused by the pancreatic 
fistula (PF) and injuries in the surgical processes. Although 
pseudoaneurysm‑induced bleeding is rare in clinical practice, 
it has serious consequences if patients receive improper treat‑
ment or delayed intervention. Furthermore, a lack of proficient 
laparoscopic skills and training experience have also impeded 
the development and application of Whipple operation (9). 
However, there is insufficient data to indicate that surgeons 
who lack proficient laparoscopic skills and experience of the 
surgeons will lead to higher complications.

Embolization therapy has been proven to be a critical 
strategy for managing patients suffering from cardiovascular 
diseases and surgical bleeding (10,11). In the last decade, 
embolization therapy has been widely used in the treat‑
ment of post‑operative bleeding and delayed PPH caused 
by pseudoaneurysm (12); however, these pseudoaneurysms 
are managed by exploration in patients with hemodynami‑
cally stable conditions. Ligation, pseudoaneurysm resection 
and removal of the involved organ are the main methods of 
surgical exploration  (12). Therefore, in the present study, 
the experience of intervention treatment for pseudoaneu‑
rysm post‑PD at our hospital was retrospectively analyzed. 
The safety and clinical efficacy of angiography and coil 
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embolization in the treatment of pseudoaneurysm after PD 
were investigated.

Materials and methods

Patients. The present retrospective study analyzed 17 patients 
(5 females and 12 males) undergoing PD, which was followed 
by PPH caused by pseudoaneurysm, between May 2011 and 
May 2018 at the Affiliated Hospital of North Sichuan Medical 
College (Nanchong, China). Detailed information on the 
patients is listed in Table I. The mean age of the patients was 
61.35±8.95 years and the time between surgery and PPH was 
7.41±4.56 days. The cohort comprised 13 cases of pancreatic 
head carcinoma, 1 case of adenocarcinoma of the duodenum 
and 3 cases of distal bile duct cancer.

The present study was approved by the Ethics Committee 
of the Affiliated Hospital of North Sichuan Medical College 
[Nanchong, China; file no. 2019ER(A)09‑02]. The treatment 
methods, including exploration stent implantation and coil 
embolization, were communicated to the patients and their 
families. Due to economic factors and medical insurance of 
the patients, coil embolization was chosen. All patients explic‑
itly consented to receiving this treatment.

Inclusion and exclusion criteria. The inclusion criteria were 
as follows: i) Patients presented with symptoms of gastroin‑
testinal or abdominal bleeding after the Whipple operation; 
ii) patients without contraindications underwent emergency 
arteriography or embolization therapy; iii) no distant metas‑
tasis. The following exclusion criteria were applied: i) Death 
due to peri‑operative complications; ii) diagnosis with perito‑
neal cancer; iii) patients who underwent angiography without 
embolization with coils.

Arteriography and embolization therapy. The Seldinger 
technique was used to percutaneously puncture the femoral 
artery and insert a 5F catheter sheath. To assess the condition 
of the artery of the digestive tract, abdominal aortography was 
performed with a pigtail catheter. Subsequently, a 5F catheter 
was inserted into the celiac, common hepatic, splenic, gastro‑
duodenal (GDA), superior and inferior mesenteric arteries in 
all patients for angiographic analysis to determine the location 
of the pseudoaneurysm(s) and the diameter of the parent artery 
and collateral vessels. If any active bleeding or pseudoaneu‑
rysm was detected, a 2.5F microcatheter (Renegade™ STC18; 
Boston Science) was inserted into the target artery using a 
coaxial catheter technique for super‑selective angiography 
and embolization. Various techniques are described for embo‑
lization of a pseudoaneurysm using Tower or Diamond coils 
(Boston VortX™‑18 platinum coil or VortX™‑18 Diamond 
platinum coil; 0.018 inches; Boston Science) and/or a detach‑
able coil embolization system (Interlock Fibered IDC occlusion 
system, 0.018 inches; Boston Scientific). The commonly used 
methods of embolization of pseudoaneurysms included simple 
lumen embolization (sac packing technique), proximal emboli‑
zation of the parent artery (proximal embolization technique), 
inflow and outflow embolization of the parent artery (exclusion 
technique or isolation technique) and efferent artery embo‑
lization + sac packing/aneurysmal neck packing + afferent 
artery embolization (sandwich technique) (13). Sac packing is 

performed for saccular pseudoaneurysms with a narrow neck, 
which allows for retention of coils within the sac maintaining 
the patency of the parent artery. Proximal embolization of the 
parent artery is applied to pseudoaneurysms at the end of arte‑
rioles, including or excluding pack of sac, which is essentially 
a special exclusion technique. The exclusion technique is used 
for those pseudoaneurysms with a small size, wide neck and 
short landing zone, which refers to the area of proximal and 
distal stent placement and vascular remodeling. The sandwich 
technique is performed for pseudoaneurysms that are likely to 
have collateral inflow and outflow arteries.

Post‑operative evaluation and follow‑up. The definition 
of bleeding and severity was according to the Standard of 
International Study Group for Pancreatic Surgery (14). The 
definitions and evaluation criteria on the efficacy, as well as 
technical and clinical success of embolization, were according 
to the Society of Interventional Radiology guidelines (15). 
Achievement of hemostasis, disappearance of the pseudoan‑
eurysm or the occlusion of the parent artery were considered 
indicative of technical success (15). Clinical success referred 
to the absence of acute bleeding symptoms, stable hemody‑
namics, hemoglobin decrease of no more than 15  g/l, no 
requirement to infuse suspended red blood cells, no blood 
fluid in the drainage tube and no re‑angiography or emboli‑
zation (16‑18). Technical complications included non‑target 
vascular embolism, iatrogenic vascular injury, puncture site 
bleeding, rupture of the pseudoaneurysm, rupture of the 
parent artery, arterial dissection, distal migration of the coil 
and straight deployment of the coil. Clinical complications 
included post‑embolization complications (secondary infec‑
tion) and embolization syndrome (pain, fever, liver dysfunction 
and vomiting). Technical and clinical success were the major 
endpoints of embolization  (19‑21). The short‑term clinical 
outcome was evaluated according to the following points: 
Whether symptoms of abdominal pain or fever were present, 
vital signs, bleeding and dynamic monitoring of hemoglobin. 
The long‑term clinical outcome was evaluated according to 
the following points: Occurrence of re‑bleeding, heterotopic 
embolism caused liver failure or gastrointestinal ischemic 
necrosis.

Results

Arteriography presentation and embolization therapy. A total 
of 18 pseudoaneurysms were detected in 17 patients. The types 
of primary diseases, time between surgery and PPH, bleeding 
time and area, number of pseudoaneurysms, technical and 
clinical complications and therapeutic outcomes of all 
17 patients are shown (Table I) The angiographic findings of 
pseudoaneurysm were cystic, round or irregular nodular, with 
spasm and rigidity of the parent artery in the vast majority 
of cases (17/18; Figs. 1 and 2). Indirect signs of arteriography 
were irregular and rigid morphology of the transitional area of 
the common hepatic artery and the proper hepatic artery, with 
small notches (Figs. 3 and 4). Sentinel hemorrhage was detected 
in all patients but there was no sign of active hemorrhage at the 
time of angiography. There were 17 cases of pseudoaneurysm, 
including 15 cases with the pseudoaneurysm located at the 
main trunk and branches of the GDA, 1 case with location in 
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the common hepatic artery (Fig. 3A), 1 case with location in 
the stump of the GDA (Fig. 4A) and 1 case with location of the 
pseudoaneurysm in the major splenic artery.

In one patient, two pseudoaneurysms were located in 
different branches of the GDA, who underwent a combina‑
tion of the proximal embolization and exclusion techniques 

(Fig.  1). In 16 pseudoaneurysms, the sandwich or exclu‑
sion technique were used for embolization, where good 
therapeutic effects were achieved, as exemplified by a repre‑
sentative case with arteriography images provided in Fig. 2. 
Furthermore, 1 patient had perihepatic hematocele and the 
liver was compressed to the midline. Considering the large 

Table Ⅰ. Details of the patients with bleeding and PsA post‑Whipple operation.

		  Bleeding						    
Patient	 Age	 time	 Pathological		  PsAs	 Technical	 Clinical	 Therapeutic
no./sex	 (years)	 (days)	 diagnosis	 Bleeding area	 (n)	 complications	 complications	 outcome

1/female	 63	 5	 Duodenal	 Digestive tract	 2	 Distal	 ‑	 Cure
			   adenocarcinoma			   migration		
2/male	 57	 7	 Pancreatic head	 Digestive tract	 1	 ‑	 ‑	 Cure
			   carcinoma					   
								      
3/male	 74	 2	 Pancreatic head	 Digestive	 1	 ‑	 ‑	 Cure
			   carcinoma	 tract/abdominal cavity				  
4/male	 71	 2	 Pancreatic head	 Digestive	 1	 Rupture of	 Liver	 Death
			   carcinoma	 tract/abdominal cavity		  GDA	 dysfunction
								      
5/female	 60	 9	 Pancreatic head	 Digestive	 1	 ‑	 ‑	 Cure
			   carcinoma	 tract/abdominal cavity				  
6/male	 43	 12	 Pancreatic head	 Digestive	 1	 ‑	 ‑	 Cure
			   carcinoma	 tract/abdominal cavity				  
7/male	 55	 3	 Pancreatic head	 Digestive	 1	 ‑	 ‑	 Cure
			   carcinoma	 tract/abdominal cavity				  
8/male	 52	 6	 Pancreatic head	 Digestive	 1	 ‑	 ‑	 Cure
			   carcinoma	 tract/abdominal cavity				  
9/male	 53	 8	 Pancreatic head	 Digestive	 1	 Distal	 Liver	 Cure
			   carcinoma	 tract/abdominal cavity		  migration and	 dysfunction
						      rupture of		
						      parent artery		
10/female	 59	 13	 Distal bile duct	 Digestive	 1	 ‑	 Pain	 Cure
			   cancer	 tract/abdominal cavity				  
								      
11/male	 64	 17	 Pancreatic head	 Digestive tract	 1	 ‑	 Vomiting	 Cure
			   carcinoma					   
12/male	 72	 4	 Pancreatic head	 Digestive	 1	 ‑	 ‑	 Cure
			   carcinoma	 tract/abdominal cavity				  
13/male	 64	 9	 Pancreatic head	 Digestive	 1	 ‑	 ‑	 Cure
			   carcinoma	 tract/abdominal cavity				  
14/female	 56	 5	 Distal bile duct	 Digestive	 1	 ‑	 Vomiting	 Cure
			   cancer	 tract/abdominal cavity				  
15/male	 78	 3	 Pancreatic head	 Digestive	 1	 ‑	 Fever	 Cure
			   carcinoma	 tract/abdominal cavity				  
16/male	 57	 6	 Distal bile duct	 Digestive	 1	 ‑	 ‑	 Cure
			   cancer	 tract/abdominal cavity				  
17/female	 65	 15	 Pancreatic head	 Digestive	 1	 ‑	 ‑	 Cure
			   carcinoma	 tract/abdominal cavity				  

Abdominal hemorrhage refers to the drainage of hemorrhage fluid by plasma drainage tube. Gastrointestinal bleeding refers to hematemesis or 
hematochezia or both. PsA, pseudoaneurysm.
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Figure 1. Representative case of a 63‑year‑old female patient (case no. 1; Table I) diagnosed with duodenal adenocarcinoma. (A) Digital subtraction angiography 
images indicated a suspected pseudoaneurysm (arrow) in one branch of the gastroduodenal artery, which was confirmed as a saccular pseudoaneurysm (arrow) 
by (B) superselective catheterization to gastroduodenal arteriography. (C) Another irregular pseudoaneurysm is found by local magnification angiography 
(arrow). (D) A proximal embolization technique and exclusion technique were used, respectively, since the pseudoaneurysms arose from the end of a branch 
(arrow) and a branch with both inflow and outflow of the parental artery (arrowhead).

Figure 2. Representative case of a 57‑year‑old male patient (case no. 2; Table I) diagnosed with pancreatic head cancer. (A) Digital subtraction angiography 
indicated a short‑necked pseudoaneurysm (arrow) arising from the GDA, which was irregular and spasmodic (arrowhead). (B) An exclusion technique, 
i.e. embolization of the inflow and outflow embolization of the parent artery (arrow) was used, since the pseudoaneurysm arose from the main trunk of the 
GDA, which had collateral supply. GDA, gastroduodenal artery.
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size of the pseudoaneurysm, the risk of rupture of the pseu‑
doaneurysm and the progressive decrease of hemoglobin, the 
exclusion technique was used directly after arteriography 
(Fig. 3). In one case, angiography revealed an irregular GDA 
stump and an adjacent hepatic artery, which was considered 
as a residual saccular pseudoaneurysm. Considering that 
the patient had blood in the abdominal drainage tube and 
no active bleeding was detected on arteriography, the sac 
packing technique was used for GDA stump embolization. 
Angiography revealed that the coil was in a good position 
and the operation was completed (Fig. 4B). However, during 
the extraction of the catheter, the patient complained of 
abdominal pain, which was followed by a significant drop 
in blood pressure. Emergency re‑angiography revealed 
that the GDA pseudoaneurysm ruptured and bled, and the 
sandwich technique was performed to embolize the proper 
hepatic artery and common hepatic artery (Fig. 4). Despite 
aggressive symptomatic treatment, the patient died 1 week 
later from causes including insufficient blood volume and 
liver failure.

Technique, clinical complications and success. In one patient, 
serious technical complications of pseudoaneurysm rupture 
occurred, which resulted in death. Another patient presented 
with the technical complication of coil migration, but it did 
not cause any serious clinical complications. No serious 
clinical complications occurred in any of the other patients. A 
total of 7 patients had mild clinical complications, including 
mild abdominal and dorsal pain, which was alleviated by 
symptomatic management. In total, 15 patients with definite 
pseudoaneurysms were successfully embolized without 
re‑bleeding and complications. The success rate of hemostasis 
was 94.1% (16/17).

Discussion

PD has been widely used for treating pancreatic head 
cancer and periampullary cancers; however, the compli‑
cations still hinder the further development of Whipple 
operation (22). Post‑operative complications include postoper‑
ative pancreatic fistula (POPF), hemorrhage, pseudoaneurysm 

Figure 3. Representative case of a 74‑year‑old male patient (case no. 3; Table I) diagnosed with pancreatic head cancer. (A) Arteriography indicated a large‑size 
pseudoaneurysm (arrowhead) arising from the hepatic artery. At the same time, subcapsular blood or fluid was visible and the liver was compressed and shifted 
inwards (arrows). (B) An exclusion technique was used for embolization. (C) Coil migration (arrows) occurred when embolization of the end of the proper 
hepatic artery was performed. (D) The coil protruded out of the vascular cavity during proximal embolization, which was considered as the parent artery 
rupture or penetration into the pseudoaneurysm (arrowhead).
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and arteriovenous fistula. Delayed post‑pancreatectomy 
bleeding refers to the bleeding at >24 h post‑PD (17,23). The 
incidence of post‑pancreatectomy bleeding has been estimated 
to be 4‑16% and the mortality rate may be as high as 50% 
within 1‑4  weeks  (24‑26). In the present study, the mean 
bleeding time post‑PD was ~7 days, but no clinical manifesta‑
tions such as re‑bleeding appeared post‑embolization. Among 
numerous factors affecting the safety of PD, POPF is the most 
important risk factor. For patients with periampullary cancer, 
which includes duodenal, ampullary and distal bile duct 
cancers, they exhibit similar clinical symptoms and require 
similar treatment strategies compared with pancreatic head 
carcinoma (27,28). However, pancreatic fistula after PD for 
pancreatic head carcinoma is more dangerous and may cause 
arterial rupture and bleeding (29,30). With the improvement 
of surgery, a variety of modified Whipple operations (such 
as pylorus‑preserving PD) has been widely used and the 
complications are gradually reduced (27). However, due to 
the gap in resources between Eastern and Western China in 
terms of medical development, the classic (Whipple's) PD is 

still the major treatment strategy at our hospital, and there‑
fore, its complications, including POPF and bleeding, are not 
rare. POPF is the most common and serious complication of 
pancreatic surgery. No matter which type of operation is used, 
the incidence of POPF is as high as 20‑40% (31,32). It is not 
uncommon for trypsin to erode and digest the peripancreatic 
artery and cause pseudoaneurysm. Electrotome and ultrasound 
scalpel may damage adventitia and result in pseudoaneurysm 
during lymph node removal. In the process of tissue dissec‑
tion, it is inevitable to clamp the tissue, resulting in arterial 
and venous damage. Together, the above‑mentioned risk 
factors are common causes of bleeding and pseudoaneurysm 
post‑Whipple procedures. In addition, in our experience, slip‑
page of the ligation line of the gastroduodenal stump may also 
be an important cause of bleeding (33).

Abdominal pain, abdominal distension, abdominal hemor‑
rhage, hematemesis and hematochezia are common clinical 
symptoms of pseudoaneurysm rupture and bleeding, while 
sentinel bleeding is generally regarded as a precursor of massive 
hemorrhage (34). CT angiography is valuable in the diagnosis 

Figure 4. Representative case of a 71‑year‑old male patient (case no. 4; Table I) diagnosed with pancreatic head cancer. Sentinel hemorrhage was considered. 
(A) Arteriography indicated that a residual saccular pseudoaneurysm arose from the gastroduodenal artery stump (arrow). (B) The sac packing technique 
was used. During the extraction of the catheter, the patient complained of abdominal pain, which was followed by a significant drop in blood pressure. 
(C) Re‑angiography confirmed active bleeding (arrow), which was considered to arise from pseudoaneurysm rupture. Therefore, (D) the sandwich technique 
was adopted for remedial treatment (arrowheads).
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of pseudoaneurysms with a sensitivity rate of 95% (35,36). 
However, most of the patients with early hemorrhage are not 
suitable to undergo this type of imaging because of their crit‑
ical and urgent condition (35,36). Selective celiac angiography 
is the gold standard for the diagnosis of bleeding and pseu‑
doaneurysm post‑PD. It may not only determine whether there 
is an aneurysm and determine its size and association with 
the parent artery, but also allow for interventional treatment to 
be performed immediately. In digital subtraction angiography, 
extravasation of contrast medium is a direct sign of bleeding. 
Indirect signs of bleeding include pseudoaneurysm, vasospasm 
and a rough vascular wall. A small pseudoaneurysm may be 
misdiagnosed as a ligated GDA stump or the diagnosis may be 
missed. When pseudoaneurysms in the major GDA or a branch 
are highly suspected, the catheter should be placed as close as 
possible to the hepatic artery for angiography and the injection 
rate, flow rate and pressure should also be checked. A location 
far from the GDA neck or a slow flow rate of the contrast agent 
may lead to a false‑negative result on angiography. In certain 
patients, angiography may reveal difficulties in catheterization 
and not all causes of the bleeding may be identified; thus, 
exploration and endoscopic treatment are more appropriate 
for those patients with delayed PPH and unstable hemody‑
namics (14,18). Among the 17 patients in this group, 1 patient 
had a suspected small pseudoaneurysm at the end of a small 
branch of the GDA on celiac angiography. When common 
hepatic artery angiography and amplified angiography were 
performed, the pseudoaneurysms and irregular parent artery 
were clearly displayed. In addition, attention should be paid 
to eliminate intestinal contents, intestinal gas overlap, motion 
artifacts and other interference to prevent misdiagnosis and 
missed diagnosis.

The common ways to deal with post‑operative hemorrhage 
and pseudoaneurysm are surgery and endovascular manage‑
ment. The strategy during the surgical procedure is to find 
the parent artery of the pseudoaneurysm and ligate it with 
filaments or clamp it with titanium alloy. If PF is identified, 
pancreas‑intestinal anastomosis may be performed simultane‑
ously. Embolization, stent‑graft implantation, stent‑assisted 
coiling and balloon remodeling techniques are commonly 
used endovascular therapies. The covered stent increases the 
operative time and difficulty for patients with emergency 
bleeding (16), and PF may lead to re‑occurrence of pseudoan‑
eurysms at both ends of the stent. In addition, economic factors 
and the minor diameter of the parent artery are also important 
reasons for the limited application of covered stent. Due to the 
extensive anastomosis of digestive vessels, the possibility of 
re‑bleeding after embolization is high, but it also associated 
with the absence of large‑area tissue necrosis after emboliza‑
tion, and thus, it is widely used in clinical practice (37).

The embolization method of pseudoaneurysm is mainly 
based on its location, size and diameter of the parent 
artery (13,16). In addition, the presence of sufficient landing 
zones and lateral branches also determines the choice of 
embolization method. Microcoils are the preferred and most 
widely used tools for embolization of a pseudoaneurysm. 
Various techniques of coil embolization for pseudoaneurysm 
are widely used. Pseudoaneurysms in the main GDA were 
similar to those in the splenic and hepatic arteries observed 
in the present study. The exclusion technique is recommended 

for embolization, but the possibility of stent implantation to 
maintain patency of the parent artery may reduce complica‑
tions. However, in an emergency, coil embolization is worth 
using to prevent the occurrence of unfavorable events (38). 
The technique of proximal embolization is widely used in the 
treatment of pseudoaneurysm at the end of small branches. Sac 
packing is used for saccular pseudoaneurysms with a narrow 
neck, which allows for maintaining the patency of the parent 
artery. However, pseudoaneurysms have a risk of secondary 
rupture (39). Hur et al (40) compared two embolization tech‑
niques in the treatment of GDA stumps and concluded that 
the rupture rate of the pseudoaneurysm treated by the packing 
technique (selective embolization of the GDA stump and/or 
pseudoaneurysm sparing hepatic arterial flow) was higher than 
that of the sandwich technique (embolization of the hepatic 
artery proximal and distal to the GDA stump). Ligation of the 
GDA and lymph node dissection during PD may lead to the 
formation of pseudoaneurysm of the GDA (40). The strategy 
varies slightly depending on the length of the GDA stump. 
In the present study, it was assumed that if the GDA stump 
exhibited a beak‑like change from the normal shape and the 
hepatic artery was not damaged, no embolization of the stump 
was required; however, a sac‑like change, regardless of its 
length, required intervention to prevent secondary rupture. If 
the stump is long, a microcatheter may be inserted coaxially 
and embolized by microcoil packing without affecting the 
blood flow of the liver. If the GDA stump cannot be embolized 
using the coil packing technique, it is essential to prevent 
complications including coil migration when hepatic artery 
embolization is performed with the exclusion technique or 
sandwich technique as a last resort. In this case, it is important 
to choose a microcoil with the correct diameter. However, 
due to bleeding, hypotension and the use of vasoconstrictor 
drugs, visceral arteries frequently constrict or spasm. If minor 
diameter coils are used, distal migration and re‑bleeding may 
occur. Similarly, if it is too large, it may lead to artery rupture. 
Therefore, it may be reasoned that the ratio of the coil diameter 
to parent artery diameter should be at least 1.2‑1.5 to stabilize 
the coil at the orifice of the pseudoaneurysm. The coil should 
be stabilized in the aneurysmal neck of a pseudoaneurysm, 
even if the coil packing is poor. In the present study, there was 
a case of GDA residual pseudoaneurysm (case no. 4; Table I), 
which was embolized by the sac packing technique. During 
the extraction of the catheter after treatment, the patient 
complained of abdominal pain, which was accompanied by a 
significant drop in blood pressure. Re‑angiography confirmed 
active bleeding, which was considered to be caused by rupture 
of pseudoaneurysm. Therefore, the sandwich technique was 
adopted for immediate treatment. However, the methods and 
strategies of embolization in this case were initially inap‑
propriate and resulted in irreversible technical complications. 
Sac packing and sandwich technique resulted in pseudoa‑
neurysm rupture and hepatic artery occlusion respectively, 
which were inappropriate for this patient. Covered stent 
placement and assisted coiling are more suitable for this 
type of patient, who had mechanically injured arteries from 
clamping, stretching and removal of lymph nodes along the 
vessels during the operation (41). Fluid embolization materials 
have been widely used in the treatment of pseudoaneurysm, 
but the risk of ectopic embolization is higher than that of coil 
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embolization. The combination of liquid embolization mate‑
rials with ectopic embolization is a good approach (42,43). 
With the continuous improvement of technology, various 
approaches are available for the management of pseudoan‑
eurysms. The endovascular approach, percutaneous approach 
and endoscopic ultrasonography are widely used in recent 
years (44). In the present study, the clinical success rate was 
higher (74 vs. 94.1%) and the re‑bleeding rate was lower than 
that reported by Pottier et al  (45) (0 vs. 29%), which may 
have been due to the embolic materials used, the embolic 
methods adopted and different criteria for clinical success. 
The combination of multiple embolic materials and methods 
may improve the success rate and reduce complications and 
associated mortality. Although procedures of standard clinical 
practice were adopted and a higher clinical success rate and 
lower mortality rate (5.9%, 1/17) were achieved in the present 
study as compared with those in certain other studies; the 
mortality rate reported in the literature ranges from 8.69 to 
12.5% (40,46). The mortality rate in the present study was still 
low, as it was within the threshold set by the recommenda‑
tions of guidelines, according to which the overall mortality 
should be controlled between 2.2  and  12.8% (suggested 
threshold, 10%) (15). The mortality in one patient (case no. 4; 
Table I) was caused by our decision‑making mistakes. The 
exclusion/isolation technique or sandwich technique is more 
suitable for residual saccular pseudoaneurysm of the GDA 
stump, rather than the sac packing technique. A detailed 
analysis of angiography images and scientific implementation 
measures may avoid such incidents.

Of note, the present study had certain limitations. Due to 
the nature of the patients' work and economical status, was is 
difficult to perform a long‑term follow‑up and the data were 
incomplete. In addition, the type of medical insurance and 
the opinions of family members are important factors that 
influence the choice of treatment. In the present study, taking 
individuals from low income and low education backgrounds 
into consideration and that the patients only received coil 
embolization, selection bias may exist. Due to difficult cath‑
eterization of affected arteries and high risk of migration of 
coils, surgical exploration may be more appropriate for such 
patients. Furthermore, the present study was a retrospective 
analysis and no comparative analysis was performed. The 
small sample size is another shortcoming of the present study.

In conclusion, there are abundant collateral vessels in pseu‑
doaneurysm of the digestive tract and the possibility of organ 
necrosis after coil embolization is lower compared with that 
after stent placement. A variety of embolization techniques 
may be applied for the treatment of pseudoaneurysm after 
PD, which have high technical and clinical success rates and 
small trauma. Coil embolization is recommended in cases of 
emergency but care should be taken to avoid serious technical 
complications.
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