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Background: This study was conducted to evaluate the safety and efficacy of left atrial 
appendage (LAA) excision using a vascular stapler.
Methods: Fifty consecutive patients (mean age, 68±9 years) who underwent LAA ex-
cision using a vascular stapler during concomitant cardiac surgery were enrolled. In all 
patients, the excision site was evaluated using computed tomography at a median of 7 
days (interquartile range, 5–13.3 days) postoperatively. The safety endpoint of this study 
was the occurrence of LAA excision-related events, which were defined as bleeding from 
the excision site that required reinforcement sutures or reoperation due to excision site 
bleeding. The efficacy endpoint was LAA excision failure, which was defined as a remnant 
LAA (a stump >1 cm in maximum length) or extravasation of radiocontrast dye.
Results: LAAs were excised using 60- and 45-mm vascular staplers in 49 patients and 1 
patient, respectively. Reinforcement sutures were needed in 4 patients due to staple-line 
bleeding and in 4 patients due to bleeding of the surrounding tissues. No patient un-
derwent reoperation due to staple-related bleeding. A remnant LAA was observed in 2 
patients, while extravasation of radiocontrast dye was not observed in any patients.
Conclusion: LAA excision using a vascular stapler may be an effective technique for LAA 
exclusion. Delicate handling of the stapler device and LA tissue is required to prevent pro-
cedure-related complications.
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Introduction

Atrial fibrillation (AF), which is the most common car-
diac arrhythmia, causes substantial morbidity and mortal-
ity. This condition is associated with a 5- to 7-fold increase 
in the risk of stroke, and the annual stroke risk in patients 
with AF is over 5% [1-3]. The left atrial appendage (LAA) is 
a finger-like projection extending from the main body of 
the left atrium (LA). The LAA is a remnant of the embry-
onic LA, while the rest of the left atrial cavity derives from 
an outgrowth of the pulmonary veins [4]. In patients with 
AF, the vast majority of thrombi form in the LAA; previ-
ous studies have reported that more than 90% of thrombi 
formed in the LAA in non-valvular AF patients [5,6]. Ac-
cordingly, exclusion of the LAA from the bloodstream 
plays a key role in the prevention of thromboembolic 

events in patients with AF [7,8].
Various interventional and surgical techniques for LAA 

exclusion have been reported [8-13]. However, each proce-
dure has advantages and disadvantages. Several studies 
have demonstrated the efficacy of LAA excision using a 
vascular stapler, but discrepancies exist in their results [1-3]. 
Therefore, the present study aimed to evaluate the safety 
and efficacy of LAA excision using a vascular stapler in AF 
patients undergoing open-heart surgery.

Methods

Patient characteristics

The study protocol was reviewed by the Institutional Re-
view Board of Seoul National University Hospital and ap-
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proved as a minimal-risk retrospective study (approval no., 
H-1910-034-1068). Based on the institutional guidelines for 
waiving consent, individual consent was not required. Be-
tween August 2017 and July 2019, 50 patients with AF 
(male:female, 25:25; mean age, 68±9 years) who underwent 
LAA excision with a vascular stapler and concomitant car-
diac surgery were enrolled. All patients had longstanding 
persistent AF with an average AF duration of 67.2±70.5 
months. Hypertension (40%) and dyslipidemia (30%) were 
the most common comorbidities (Table 1).

Operative techniques and perioperative 
management

All operations were performed via median sternotomy 
using aorto-bicaval cannulation under moderate hypother-
mia and cold cardioplegic arrest. LAA excision was per-
formed using commercially available vascular staplers 
(Endo GIA; Medtronic, Minneapolis, MN, USA). The Cox 
maze procedure with cryoablation was performed in 46 
patients. Concomitant cardiac procedures included mitral 
valve surgery (n=28), tricuspid valve surgery (n=19), aortic 
valve surgery (n=11), and coronary artery bypass grafting 
(CABG, n=2) (Table 2). When concomitant mitral valve or 
arrhythmia surgery was needed, LAA excision was per-
formed after completion of all procedures, just before clos-
ing the left atriotomy. In cases of concomitant CABG, the 
CABG was performed after releasing the aortic cross-
clamp as an on-pump beating heart procedure. The heart 
was completely emptied during CABG with bicaval cannu-
lation and left ventricular venting.

Low-molecular-weight heparin was started in all patients 
as soon as possible, usually on postoperative day 1. This 
was followed by administration of warfarin with a target 
international normalized ratio between 2.0 and 3.0 based 
on the types of combined procedures. Aspirin (100 mg/
day) was also administered to the 2 patients who under-
went concomitant CABG.

Safety and efficacy endpoints of left atrial 
appendage excision

The safety endpoint of this study was the occurrence of 
LAA excision-related events, which were defined as bleed-
ing from the excision site that required reinforcement su-
tures during surgery or reoperation for excision-site bleed-
ing.

For the evaluation of the efficacy of LAA excision, elec-
trocardiogram-gated computed tomography (CT) was per-
formed prior to patient discharge. LAA excision failure was 
defined as follows: (1) presence of a remnant LAA (an LAA 
pouch with a maximum length greater than 1 cm) or (2) 
extravasation of radiocontrast dye. Electrocardiogram-gat-
ed CT angiography was performed at a median of 7 days 
(interquartile range, 5–13.3 days) after surgery in all pa-
tients.

Clinical and computed tomography evaluation

Early mortality was defined as any death within 30 days 
after surgery or during the same hospital admission. Re-
spiratory complications included postoperative pneumonia 
or >48 hours of prolonged ventilator support. Postoperative 
stroke was defined as a newly apparent neurological deficit 
found on a brain imaging study, such as brain CT or brain 
magnetic resonance imaging; these findings were con-
firmed by a neurologist. Acute renal failure was defined as 
an increase of >50% in serum creatinine level from the 

Table 1. Preoperative characteristics and risk factors of patients 
(N=50)

Characteristic Value

Age (yr) 68±9
Sex (male:female) 25:25
Risk factors
   Smoking 17 (34)
   Hypertension 20 (40)
   Diabetes mellitus 8 (16)
   History of stroke 7 (14)
   Chronic renal failure 14 (28)
   Dyslipidemia 15 (30)
Duration of atrial fibrillation (yr) 5.5
Echocardiographic data
   Left ventricular ejection fraction (%) 58±7
   Left atrium dimension (mm) 61±12

Values are presented as mean±standard deviation or number (%), 
unless otherwise stated.

Table 2. Operative data of patients (N=50)

Variable Value

Concomitant surgery
   Cox maze procedure 46 (92)
   Mitral valve procedure 28 (56)
   Aortic valve procedure 11 (22)
   Coronary artery bypass grafting 2 (4)
   Others 8 (16)
Aortic cross-clamp time (min) 105±42
Cardiopulmonary bypass time (min) 155±49

Values are presented as number (%) or mean±standard deviation.
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preoperative value or a need for renal replacement therapy 
irrespective of the serum creatinine level. Low cardiac out-
put syndrome was defined as a cardiac index <2.0 L/min/
m2 or a systolic arterial pressure <90 mm Hg requiring 
mechanical support or inotropic infusion (dopamine or 
dobutamine) of >5 µg/kg/min. Cardiac CT scans were per-
formed with dual-source CT (Somatom Force; Siemens 
Medical Solutions, Forchheim, Germany). Image acquisi-
tion was gated to 40% of the RR interval. The contrast in-
jection protocol included 70 mL of iopromide (Iomeron 
400; Bracco Diagnostics, Milan, Italy) followed by 50 mL 
of an 8:2 mixture of normal saline and contrast medium at 
a flow rate of 4 mL/sec. Gated cardiac CT scans were per-
formed at first pass and 2 minutes after contrast adminis-
tration. Data are expressed as mean±standard deviation, 
median with interquartile range, or a proportion.

Results

Operative data and safety endpoint

The LAAs were excised using 60- and 45-mm-long vas-
cular staplers in 41 patients and 1 patient, respectively. 
Both 60- and 45-mm staplers were used in the other 8 pa-
tients. Regarding the safety endpoint, reinforcement sutur-

ing was required in 8 patients due to bleeding from the sta-
ple line (n=4) or bleeding from the surrounding soft tissue 
(n=4) (Table 3). No patient underwent reoperation related 
to excision site bleeding.

Early clinical results

No early mortality was observed. Postoperative compli-
cations included acute renal failure (n=12, 24%), respirato-
ry complications (n=4, 8%), and low cardiac output syn-
drome (n=3, 6%). No patient suffered from stroke or any 
other thromboembolic event. Although 2 patients under-
went reoperation for bleeding, no patient had bleeding 
from the LAA excision site as described above (Table 4).

Efficacy endpoint of left atrial appendage 
excision

A remnant LAA was seen in 2 patients (Fig. 1). Extrava-
sation of radiocontrast dye was not found in any patients.

Discussion

This study demonstrated 2 main findings. First, LAA ex-
cision using a vascular stapler was a safe and effective tech-

Table 3. Operative data regarding the excision of the LAA and the 
safety endpoint (N=50)

Variable No. of patients (%)

Cartridge used (mm)
   60 41 (82)
   45 1 (2)
   Both 60 and 45 8 (16)
Reinforcement suturing at the LAA excision site 8 (16)
   Bleeding from staple line 4 (8)
   Bleeding from surrounding tissues 4 (8)

LAA, left atrial appendage.

Table 4. Early mortality and postoperative complications (N=50)

Variable No. of patients (%)

Early mortality 0
Morbidities
   Acute renal failure 12 (24)
   Respiratory complication 4 (8)
   Low cardiac output syndrome 3 (6)
   Bleeding reoperation 2 (4)
   Thromboembolic event 0
   Stroke 0
   Mediastinitis 0

A B

Fig. 1. Three-dimensional images 
of electrocardiogram-gated com-
puted tomography from 2 patients 
illustrating LAA excision sites. (A) 
Complete excision of the LAA 
(white arrow). (B) Remnant of the 
LAA (black arrow). LAA, left atrial 
appendage.
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nique. Second, careful handling of the stapler device and 
LAA tissues may prevent excision-related complications.

Concerns when dealing with the LAA include the effec-
tiveness of the occlusion and safety issues regarding proce-
dure-related complications, such as bleeding and thrombo-
embolic events. Various interventional and surgical 
techniques for LAA exclusion have been demonstrated [8-
14], each of which has advantages and disadvantages. Su-
ture ligation and device occlusion of the LAA are frequent-
ly incomplete, leaving a communication between the LAA 
and the body of the LA. In contrast, the presence of an 
LAA remnant and bleeding that requires reinforcement are 
more common when excision techniques are used [10,13].

Previous studies have evaluated the efficacy of LAA exci-
sion using a vascular stapler [1-3,7,11]. A previous study en-
rolling 5 patients demonstrated that there was no intraop-
erative hemorrhage from the staple line and no intra-atrial 
thrombus; additionally, LAA obliteration was described as 
satisfactory, although no objective data was provided [7]. A 
previous randomized controlled trial compared the safety 
and efficacy of LAA exclusion techniques such as suture li-
gation and stapler closure performed concomitantly with 
CABG [15]. The authors of that study demonstrated unsat-
isfactory results after LAA excision using a vascular sta-
pler; procedure-related tears occurred in 6 of 52 patients, 
and residual stumps larger than 1 cm were found in 9 of 33 
patients in whom a stapler was used, as shown on postop-
erative transesophageal echocardiography [15].

In the present study, consecutive patients who underwent 
LAA excision using a vascular stapler during the study pe-
riod were enrolled. As in previous studies, vascular staplers 
originally developed for endoscopic operations were used 
even though all patients underwent surgery via median 
sternotomy [10,11]. This is because bulky staplers for open 
surgery are very difficult to use in the limited pericardial 
space, with adjacent structures such as the pulmonary ar-
tery, left ventricle, and left pulmonary veins. All patients 
underwent contrast-enhanced gated cardiovascular CT, 
which has been confirmed to be effective for evaluation of 
the LA [16]. Although the safety endpoint rate was lower 
than found previously, it was still considerable (16%). Be-
cause the LAA is a remnant of the embryonic LA, the LAA 
has a thick wall with trabeculations. However, the base of 
the LAA is relatively thin and fragile because the rest of 
the LA wall derives from an outgrowth of the pulmonary 
veins [4]. Therefore, gentle manipulation of the LAA and 
surrounding tissues and avoidance of over-traction during 
clamping and firing of the vascular stapler may be required 
to reduce procedure-related complications. Regarding the 

efficacy endpoint, remnant LAA stumps were found in 
only 2 patients, and extravasation of radiocontrast dye was 
not observed in any patients.

Several limitations of the present study should be noted. 
First, this study was a retrospective observational study 
conducted at a single institution. Second, the number of 
patients enrolled was relatively small, limiting the ability to 
draw definitive conclusions from the findings. Third, the 
results were not compared with those obtained using other 
LAA exclusion techniques, since all consecutive patients 
were treated with stapler excision during the study period.

In conclusion, LAA excision using vascular staplers may 
be a safe and effective technique for LAA exclusion during 
cardiac surgery. Careful handling of the stapler device and 
LAA tissues is required to prevent excision-related compli-
cations.
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