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Abstract

Background The aim of this study was to retrospectively

investigate the feasibility and safety of transcatheter arte-

rial embolization in the management of postgastrectomy

arterial bleeding.

Methods Between January 2004 and July 2015, 13,246

patients underwent total or subtotal gastrectomy at our

institution, and 24 patients (18 men; mean age 66.8 years;

range 42–80 years) underwent transcatheter arterial

embolization for postoperative arterial bleeding identified

on angiography.

Results Postgastrectomy arterial bleeding occurred after

subtotal gastrectomy in 14 patients (58%) and after total

gastrectomy in 10 patients (42%), after a mean of 17 days

(range 1–57 days). It manifested itself as luminal bleeding

in 10 patients and as abdominal bleeding in 14 patients.

Technical success was achieved in all 24 patients (100%).

The clinical success rate was 79% (19-24); there were three

transcatheter-arterial-embolization–related major compli-

cations that resulted in death within 30 days (12%), one

case of recurrent bleeding, and one case of persistent

bleeding. The cause of death included infarctions in the

spleen and/or remnant stomach (n = 2) and bowel perfora-

tion (n = 1). The commonest bleeding focus was the gas-

troduodenal artery (46%, 11 patients), followed by the

splenic artery (29%, 7 patients). By surgery type, the gas-

troduodenal artery was the commonest site of bleeding in

subtotal gastrectomy (64%, 9/14) and the splenic artery was

commonest site of bleeding in total gastrectomy (50%, 5/10).

Conclusions Transcatheter arterial embolization demon-

strated high technical and clinical success rates with an

acceptable complication rate in the management of post-

gastrectomy arterial bleeding. However, transcatheter

arterial embolization may not be the best treatment option

in patients who have undergone subtotal gastrectomy and

bled from the splenic artery owing to the high risk of

infarctions of the remnant stomach and the spleen.

Keywords Hemorrhage � Gastrectomy � Gastric

carcinoma � Embolization � Infarction

Introduction

The postoperative complication rate of radical gastrectomy is

reported to range from 9.8% to 24.5%, and has been decreasing

with advances in surgical techniques and perioperative patient

care [1–5]. The major complications include abdominal

infection, hemorrhage, anastomosis or stump leakage, and

pancreatitis. Of these, the incidence of postgastrectomy

bleeding is reported to be 0.6–4% [1–5], and its clinical

manifestations differ widely. In particular, arterial or pseu-

doaneurysmal bleeding after gastrectomy is a rare but rapidly

progressing and potentially life-threatening event [6, 7].

The management of postgastrectomy bleeding includes

medical treatments such as hydration and transfusion,
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endoscopic and radiologic procedures, and reoperation. In

general, medical and endoscopic treatments are useful for

luminal bleeding in hemodynamically stable patients,

whereas radiologic treatment and reoperation are preferred

in abdominal bleeding that is mostly accompanied by

hemodynamic instability [6, 7].

In recent years, transcatheter arterial embolization

(TAE) has emerged as an effective and safe diagnostic and

treatment modality for postoperative ruptured or unrup-

tured pseudoaneurysm of the visceral artery [8, 9]. In

earlier studies, postoperative arterial bleeding after gas-

trectomy was successfully managed by means of TAE in

some patients. However, owing to the rarity of postgas-

trectomy arterial bleeding (PAB), between 1 and 14

patients treated with TAE were included in the studies

[1, 6, 7], and the efficacy and safety of TAE need to be

documented in a larger patient cohort.

This study aimed to retrospectively investigate the fea-

sibility and safety of TAE in the management of PAB.

Materials and methods

Patient selection

This study was approved by the Institutional Review Board;

informed consent was waived owing to its retrospective

nature. The patient data used for this study were obtained

from electronic medical records and the picture archiving

and communication system. From January 2004 to July

2015, 13,246 patients underwent total gastrectomy (TG) or

subtotal gastrectomy (STG) at our institution. Among them,

24 patients underwent TAE for PAB identified on angiog-

raphy. The indications for TAE were as follows: (1) clini-

cally suspicious intra-abdominal bleeding; (2) patients with

postoperative bleeding who are not amenable to endoscopic

treatment because of hemodynamic instability; (3) massive

bleeding that is uncontrollable by endoscopic hemostasis;

(4) massive bleeding that impedes the localization of the

bleeding site; (5) endoscopic inaccessibility to the bleeding

site because of surgical alteration; (6) recurrent bleeding

after endoscopic hemostasis.

Postgastrectomy bleeding

We adopted the definition of postoperative bleeding from the

study by Park et al. [6]. Postoperative bleeding was defined as

a sudden drop in the hemoglobin level of more than 2 g/dL in

24 h, and the presence of signs of bleeding, which were

divided into two categories: luminal bleeding and abdominal

bleeding. Luminal bleeding was characterized by hema-

tochezia, melena, hematemesis, or bleeding through the

nasogastric tube. Abdominal bleeding was diagnosed when

there was bleeding from the abdominal drain, or abdominal

distention with radiologic findings. We classified the bleeding

episode into two groups according to the onset: early for

bleeding events that occurred between day 1 and day 6, and

delayed for those that occurred from postoperative day 7.

Surgical procedures

All patients in this study underwent TG or STG in con-

junction with D1 or higher lymph node dissection based on

the recommendation of the Japanese Research Society for

Gastric Carcinoma [10]. TG with spleen-preserving lym-

phadenectomy and esophagojejunostomy was performed

for proximal gastric cancer. Combined resection of the

spleen or the distal part of the pancreas was considered for

direct invasion or metastatic lymphadenopathy around the

splenic hilum. For distal gastric cancer, STG with either

Billroth I (gastroduodenostomy) or Billroth II (gastroje-

junostomy) reconstruction was performed.

Embolization procedures

An endovascular procedure was performed by four expe-

rienced interventional radiologists. Before each procedure,

computed tomography (CT) images and endoscopic find-

ings, if available, were thoroughly reviewed to locate the

source of bleeding. The right common femoral artery was

punctured under ultrasound guidance, whenever possible.

A 5-F vascular access sheath was inserted into the right

common femoral artery. A 0.035-in. hydrophilic guide wire

(Terumo, Tokyo, Japan) and a 5-F angiographic catheter

(RH catheter or RHR catheter, Cook Medical, Blooming-

ton, IN, USA) were used in celiac artery and/or superior

mesenteric artery (SMA) angiography.

If celiac or SMA angiography revealed extravasation of

contrast media and/or a pseudoaneurysm, a microcatheter

was coaxially advanced for further selective angiography

and embolization. For embolization, various materials,

including absorbable gelfoam sponge (SPONGOSTAN,

Ferrosan Medical Devices, Søborg, Denmark), N-butyl

cyanoacrylate (NBCA) glue (Histoacryl, B. Braun Mel-

sungen, Melsungen, Germany), and microcoils (Tornado or

Micronestor, Cook Medical, Bloomington, IN, USA; or

Interlock, Boston Scientific, Marlborough, MA, USA) were

used according to the severity of bleeding, hemodynamic

status, anatomic accessibility, and surgeon preferences. As

the NBCA glue tends to travel more distally with a lower

ratio, it was mixed with Lipiodol (Andre Guerbet, Aulnay-

Sous-Bois, France) at different ratios ranging from 1:1 to

1:5, depending on the distance between the target vessel

and the tip of the microcatheter and on the surgeon’s

experience. Gelfoam sponge was manually cut into tiny

pledgets. After embolization, repeated angiography with a
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5-F catheter was performed to ensure that the offending

arteries were completely occluded (Fig. 1).

Definitions and analysis

Coagulopathy was defined as an international normalized

ratio of more than 1.5 or a platelet count of less than

80,000/lL [11–13]. The angiographic findings were clas-

sified as (1) active bleeding or (2) pseudoaneurysm. On

angiography, active bleeding was defined as visible

extravasation of the contrast medium, and pseudoaneurysm

was defined as abnormal localized collection of the contrast

medium in and around the hematoma. Technical success

was based on the immediate angiographic findings, and

Fig. 1 A 57-year-old female patient developed a sudden onset of

hematochezia and hemodynamic instability 17 days after subtotal

gastrectomy. Arterial-phase computed tomography (CT) scans show-

ing a fluid collection with multiple air densities (arrow), suggestive of

leakage from the duodenal stump, and b a pseudoaneurysm (arrow)

from the gastroduodenal artery (GDA) stump. c Celiac angiogram

demonstrating a pseudoaneurysm (arrow) from the GDA stump.

d The GDA stump was cannulated with a 2.2-F microcatheter, and

embolization with N-butyl cyanoacrylate glue was performed.

e Completion angiogram showing the completely occluded bleeding

focus. f One-month follow-up contrast-enhanced CT scan showing the

resolution of the fluid collection and glue casting of the GDA stump

from the previous transcatheter arterial embolization
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was defined as the complete exclusion of the bleeding

artery. Clinical success was defined as the absence of the

following for 30 days after the initial embolization:

recurrent bleeding, persistent hemorrhage resulting in death

within 30 days, or embolization-related complications.

Complications were classified as either major or minor

according to the guidelines of the Society of Interventional

Radiology Standards of Practice Committee. Patient sur-

vival was defined from the time between the TAE and a

patient’s death or the last available follow-up examination.

To evaluate the efficacy of TAE for PAB, comparisons

between the mean hemoglobin levels during the 3 days

before and after the procedure were performed. The mean

hemoglobin level before and after TAE was compared by

use of the paired t test, and the clinical failure rate for the

offending artery was analyzed by Fisher’s exact test.

Results

Overall results

During the period from January 2004 to July 2015, 24

patients underwent TAE for PAB. These patients com-

prised 18 men and 6 women with a mean age of

66.8 years (range 42–80 years). The patient demographics

are summarized in Table 1. PAB occurred after STG in

14 patients and after TG in 10 patients, after a mean of

17 days (range 1–57 days). There were 10 cases of

luminal bleeding and 14 cases of abdominal bleeding. At

the time of bleeding, the mean hemoglobin level was

8.1 ± 1.9 g/dL, and the mean hemoglobin level change

from before to during the bleeding episode was

3.8 ± 2.1 g/dL. The mean hemoglobin level 3 days after

TAE was 9.7 ± 1.6 g/dL. The change in the mean

hemoglobin level measured before and after embolization

was significant (p\ 0.05). Combined organ resection was

performed in three patients (12%). The embolic materials

used for TAE included NBCA glue (n = 12), microcoils

(n = 6), a combination of microcoils and NBCA glue

(n = 4), and Gelfoam slurry (n = 2).

Technical and clinical outcomes

Technical success was achieved in all 24 patients (100%).

The clinical success rate was 79% (19 of 24 patients), with

three TAE-related major complications that resulted in

death within 30 days (12%), one case of recurrent bleeding

from the gastroduodenal artery (GDA) that required repe-

ated TAE, and one case of persistent bleeding from the

splenic artery after TAE that required surgical splenec-

tomy. Of the three major complications, infarctions of the

remnant stomach and spleen occurred after TAE for

bleeding from the splenic artery in two patients who

underwent STG (Fig. 2). Both of these patients underwent

aggressive conservative treatment but died of septic shock.

In the remaining patient, the infarction and perforation

occurred after the TAE for bleeding from the middle colic

artery. Despite subtotal colectomy and ileostomy creation,

the patient died of sepsis. The clinical failure rate of TAE

for the splenic artery origin was significantly higher than

that of the non-splenic artery origin (p = 0.014). The

clinical courses of the 24 patients who underwent TAE for

PAB are summarized in Fig. 3.

Offending arteries by surgery type (STG vs TG)

The detailed distribution of arterial bleeding foci is sum-

marized in Table 2. The most commonly affected artery

was the GDA (46%, 11 patients), followed by the splenic

artery (29%, 7 patients), the middle colic artery (8.3%, 2

patients), the inferior phrenic artery (8.3%, 2 patients), the

left gastric artery (4%, 1 patient), the left hepatic artery

(4%, 1 patient), and the jejunal artery (4%, 1 patient). In

one patient, both the splenic artery and the left hepatic

artery were the bleeding foci. By surgery type, the GDA

was the commonest site of bleeding in STG (n = 9) and

Table 1 Characteristics of the study patients (n = 24)

Clinical factors Value

Age (years) 66.8 ± 9.35

Sex

Male 18

Female 6

Systolic blood pressure during

the bleeding episode (mmHg)

81 ± 13

Hemoglobin level during the

bleeding episode (g/dL)

8.1 ± 1.9

Platelet count (/mL) 222.8 ± 102.2

INR 1.239 ± 0.269

Coagulopathy 7

Operative approach

Open 11

Laparoscopic 9

Robotic 4

Type of gastrectomy

Total 10

Subtotal 14

Extent of LN dissection

D1 resection 6

D1 ? b resection 9

D2 resection 11

Combined resection 3

INR international normalized ratio, LN lymph node
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the splenic artery was the commonest site of bleeding in

TG (n = 5).

Clinical presentation of postgastrectomy bleeding

PAB was characterized by an acute-onset, hemodynamic

instability, and massive bleeding, and its clinical

manifestations are summarized in Table 3. In two patients

(8%), bleeding occurred in the early period after gastrec-

tomy and presented as abdominal bleeding: abdominal

distention (n = 1) and sudden drop in blood pressure with

positive CT findings for bleeding (n = 1). Four patients

(17%) developed bleeding in the late period (2–6 days after

surgery; mean 3.8 days; range 2–5 days) and it manifested

Fig. 2 An 80-year-old male patient developed a sudden onset of

hematemesis and bleeding through the nasogastric tube 9 days after

subtotal gastrectomy. a Celiac angiogram showing active contrast

medium extravasation (arrow) from the splenic artery. b The bleeding

focus was embolized by use of microcoils and N-butyl cyanoacrylate

glue. c, d Follow-up computed tomography scans showing fluid

collection (arrow) along the pancreas, and extensive infarctions of the

remnant stomach (S) and the spleen (SP). This patient died of sepsis

Fig. 3 Clinical courses of the

24 patients who underwent

transcatheter arterial

embolization (TAE) for

postgastrectomy arterial

bleeding (PAB) in this study
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itself as abdominal bleeding: bleeding from the drainage

tube (n = 2) and abdominal distention (n = 2).

Eighteen of the 24 patients (75%) experienced bleeding

in the delayed period (after the seventh day from surgery;

mean 21 days; range 7–57 days). Bleeding manifested

itself as luminal bleeding (n = 11) and abdominal bleeding

(n = 7); hematochezia, melena, hematemesis, or bleeding

from the nasogastric tube (n = 11); bleeding from the

drainage tube and CT findings suggestive of bleeding

(n = 7). Anastomosis leakage (n = 7), duodenal stump

leakage (n = 5), and abdominal abscess (n = 3) were also

observed.

Before TAE, three-phase dynamic CT scans were per-

formed in 18 patients (75%). CT revealed hemoperitoneum

in all 18 patients, and direct CT findings of bleeding were

present in 16 patients: active contrast medium extravasa-

tion (n = 10) and pseudoaneurysm (n = 7).

Discussion

Postgastrectomy bleeding is a rare but life-threatening

complication, and arterial bleeding is particularly impor-

tant because it entails a high mortality [6, 7]. To manage

postgastrectomy bleeding, diverse treatment modalities

have been used. Most PAB cases present as sudden mas-

sive bleeding with hemodynamic instability in the delayed

period, and reoperation on the offending artery could be

technically challenging, with a high mortality rate, owing

to the anatomic inaccessibility caused by adhesion and

poor localization of the bleeding source. Endoscopic

hemostasis is considered as the treatment of choice for

luminal bleeding, but there are some limitations such as

poor localization of the bleeding site due to massive

bleeding and not being able to reach the bleeding site

because of surgical alteration. Owing to advances in pro-

cedural techniques and embolic materials, TAE has gained

popularity as an effective, stand-alone treatment modality

for diverse arterial bleeding [14–17]. In a similar vein, we

assume that TAE can serve as the mainstay treatment for

postoperative arterial bleeding. This study demonstrates

that TAE is a safe and effective treatment option for PAB.

In the present study, the technical and clinical success rates

were 100% and 79% respectively. There were three major

TAE-related complications that resulted in death within

30 days. Recurrent and persistent bleeding episodes after

TAE were reported in two patients.

Of the 24 PABs, 8% occurred in the early period, and it

is assumed that the bleeding was due to direct injury to the

perigastric arteries and insufficient hemostasis during sur-

gical manipulation. However, most PABs (92%) occurred

in the late or delayed period, and it was notable that

coexisting postoperative complications, including leakage

from the anastomosis or duodenal stump and abdominal

abscess, were present in 75% of those patients. This seems

to be in agreement with the observation of delayed pre-

sentation of arterial pseudoaneurysmal bleeding in patients

following radical gastrectomy [1, 6, 7]. The longer interval

between surgery and arterial bleeding might involve the

following mechanisms: (1) the adventitia of vessels, often

removed en bloc with perigastric lymph nodes, a process

called ‘‘vascular skeletonization,’’ may render the vessels

more vulnerable; (2) exposure of the perigastric arteries to

the enteric, pancreatic, and/or biliary juices from anasto-

motic or stump leakage. Therefore, drainage of anasto-

motic leakage, bile, or pancreatic juice after gastrectomy is

important in preventing pseudoaneurysm formation.

Overall, the GDA was the commonest focus of bleeding

in this study. Our results differ from those of the study by

Park et al. [6], probably because of our inclusion of only

patients treated by TAE (i.e., a defined subset of patients

with postoperative hemorrhage). A further possible

Table 2 Distribution of arterial

bleeding foci
Subtotal gastrectomy Number Total gastrectomy Number

Gastroduodenal artery 9 (64%) Splenic artery 4 (40%)

Splenic artery 2 (14%) Gastroduodenal artery 2 (20%)

Middle colic artery 1 (7%) Middle colic artery 1 (10%)

Jejunal artery 1 (7%) Right inferior phrenic artery 1 (10%)

Left inferior phrenic artery 1 (7%) Left gastric artery stump 1 (10%)

Splenic artery and left hepatic artery 1 (10%)

Table 3 Clinical manifestations of postgastrectomy arterial bleeding

Early onset Late onset Delayed onset

Patients 2 (8%) 4 (17%) 18 (75%)

Onset (days)a 1 3.8 (2–5) 21 (7–57)

Character

Luminal bleeding 0 0 11 (61%)

Abdominal bleeding 2 (100%) 4 (100%) 7 (39%)

Septic complication

Yes 0 3 (75%) 15 (68%)

No 0 1 (25%) 4 (32%)

a The range is given in parentheses.
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explanation stems from the association of leakage from the

anastomosis or duodenal stump and abdominal abscess in

our late-presenting cohort of cases. By surgery type, the

GDA was the commonest source of bleeding in STG and

the splenic artery was the commonest source of bleeding in

TG. In STG, a gastroduodenostomy or gastrojejunostomy

is created, and the GDA is ligated and left as a stump.

Inadvertent surgical ligation or exposure of the GDA stump

to the erosive fluid from anastomosis or duodenal stump

leakage could explain the high incidence of the GDA as a

bleeding site. In TG, the splenic artery was the commonest

bleeding focus. At our institution, D1 plus b or D2 dis-

section is routinely performed in TG. Lymph node dis-

section (11p and 11d nodal stations according to the

Japanese Research Society for Gastric Carcinoma [10])

along the splenic artery can cause thermal or mechanical

damage to the splenic artery because those lymph nodes lie

deep behind the pancreas. Furthermore, exposure to the

intra-abdominal abscess or leakage adjacent to the splenic

artery could be another reason.

Death following TAE occurred in three patients

(12.5%), and sepsis was the cause in all cases. Two patients

had undergone STG, and had splenic artery bleeding. In

one patient, following complete embolization of the splenic

artery, there was infarction of both the remnant stomach

and the spleen, causing sepsis and death within 30 days. In

the second patient, only splenic infarction was docu-

mented, but sepsis also occurred. Of course, with STG,

perfusion of the remnant stomach through the short gastric

arteries is vital, and complete embolization of the main

splenic trunk can significantly compromise blood supply.

This theory is further supported by a case reported by

Hajime et al. [18] in which gastric remnant necrosis

occurred in a patient who underwent STG. Therefore, TAE

may not be the best option for patients who have undergone

STG and bled from the splenic artery. Instead, if techni-

cally feasible, the placement of a stent graft in the splenic

artery would not only treat bleeding but would also salvage

the spleen and/or the remnant stomach. If TAE is inevi-

tably required in such patients, further resection of the

remnant stomach and the spleen should also be considered

immediately after the procedure to avoid infarction-related

sepsis.

In this study, 18 patients underwent pre-TAE CT scans,

and positive CT findings of bleeding were seen in 16

patients (89%). This suggests that when postoperative

arterial bleeding after radical gastrectomy is suspected, CT

can be used to confirm the bleeding and to locate the

bleeding site. In particular, if the patient had undergone

STG and bleeding from the splenic artery was detected on

CT, TAE should be avoided and another treatment

modality, such as stent graft placement or repeated

laparotomy, should be considered.

In the third patient, the middle colic artery was com-

promised even though the embolization was performed in a

super-selective fashion. In this case, we believe the NBCA

glue regurgitated behind the tip of the microcatheter,

leading to embolization of a broader area than planned,

with infarction and perforation of the transverse colon.

Subsequent subtotal colectomy failed to save the patient,

who died of sepsis. Although fatal complications were

observed after embolization with NBCA glue in this series,

TAE by use of glue with or without other embolic materials

for gastrointestinal bleeding has recently been advocated

by several investigators [15, 19, 20]. Although the use of

NBCA glue as an embolic material requires sufficient

training for the interventional radiologist, to minimize the

potential complications, this material offers some theoret-

ical advantages as a primary embolic agent for PAB.

Whereas microcoils are deployed proximally to the tip of a

catheter, NBCA glue can travel more distally than the tip of

the microcatheter and can make possible the embolization

of a bleeding artery distal to the point that a microcatheter

cannot reach because of the small luminal caliber, tortu-

osity, or spasm of the artery to be occluded. Another

advantage is that NBCA glue can polymerize even in

coagulopathic conditions. In this series, most patients had

intra-abdominal infection or leakage, and seven patients

(30%) had coagulopathy. This was probably because intra-

abdominal infection would quickly consume coagulation

factors, making those patients coagulopathic [21]. There-

fore, NBCA glue is presumed to be more effective for TAE

in patients with PAB.

The limitations of this study include its retrospective

design, the small number of patients, and the lack of a

control group. However, because PAB is a rare and

emergent condition, it is difficult to collect enough cases at

a single center and perform a prospective, comparative

study with a control group treated with other treatment

modalities.

In conclusion, TAE demonstrated 100% technical suc-

cess and acceptable 30-day mortality (12.5%) in the high-

risk setting of septic patients with PAB. However, TAE in

patients following STG who bleed from the splenic artery

risks infarction of the remnant stomach and spleen.

Sequential surgical resection and reconstruction may be

required in this setting.
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