
O R I G I N A L  A R T I C L E   Efficacy of LAAC during minimally invasive mitral valve surgery 1137

of life.2 Therefore, in patients with AF, LAAC is 
an alternative both as a concomitant and an iso‑
lated procedure.3‑5

Appendage closure can be performed sur‑
gically by suturing it either from the inside 
of the left atrium or from the outside. It is 
usually combined with appendage amputa‑
tion. Among classic surgical approaches, only 
the “from the outside” method combined with 
appendage amputation yields durable results. 
However, the procedural success is achieved 
only if the residual stump does not exceed 

Introduction  Ischemic stroke is a serious 
complication of atrial fibrillation (AF). It has 
been reported that more than 90% of thrombi 
responsible for cerebral ischemia originate from 
the left atrial appendage (LAA).1 For this rea‑
son, left atrial appendage closure (LAAC) was 
introduced as a method of thromboprophylax‑
is. Due to the insufficient effectiveness of an‑
tiarrhythmic medications, anticoagulants re‑
main the mainstay of therapy for patients with 
AF. Unfortunately, these drugs may significantly 
increase the bleeding risk and impair the quality 
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Abstract
Background  Left atrial appendage closure (LAAC) reduces the risk of stroke in patients with atrial 
fibrillation. It can be performed surgically from the inside of the left atrium or from the outside. Stapling 
or clipping devices can also be used from the outside. Despite providing an excellent interior view of 
the appendage, those techniques cannot be implemented during minimally invasive mitral valve surgery 
conducted through right‑sided minithoracotomy.
Aims  This study aimed to assess the effectiveness of surgical closure of the left atrial appendage from 
the inside during minimally invasive mitral valve surgery.
Methods  A total of 50 patients with mitral valve disease and atrial fibrillation who underwent minimally 
invasive mitral valve surgery and LAAC between 2012 and 2017 were included in this study. The appendage 
was closed from the inside using a continuous suture. After a median follow‑up of 1.6 years after surgery, 
19 patients were examined by transthoracic and transesophageal echocardiography (TEE). Transesophageal 
echocardiography was performed to assess whether the appendage had been effectively closed. When 
any leakage was suspected, cardiac computed tomography was performed.
Results  In 19 patients, TEE was performed at 0.5 to 5 years after the surgery. A single patient did not 
tolerate TEE, and minimal leakage was suspected in 2 patients. All 3 individuals underwent computed 
tomography examination, which confirmed leakage in a single patient.
Conclusions  Surgical LAAC during minimally invasive mitral valve surgery through right minithoracotomy 
is an effective technique that provides durable results.
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The appendage was sutured from the inside 
using a double‑row monofilament 3–0 con‑
tinuous suture. The first row was placed on 
the transition of the atrial and appendage 
walls. The second row invaginated the first su‑
ture line outside from the atrium. This meth‑
od eliminates the possibility of leaving any re‑
sidual stump inside.

Imaging of the left atrium  After minimal‑
ly invasive mitral valve surgery and LAAC, all 
19 patients underwent complete 2‑dimension‑
al transthoracic echocardiography (TTE) and 
transesophageal echocardiography (TEE) with 
color Doppler imaging of the LAA.

Conventional 2‑dimensional TTE and TEE 
were performed by the same experienced echo‑
cardiographer, using commercially available 
transducers and equipment (the S5-1 probe for 
TTE and the X7‑2t probe for TEE; Philips CX 50, 
Philips Healthcare, Andover, Massachusetts, 
United States), and in the same echocardiogra‑
phy laboratory. In each study participant, cardi‑
ac anatomy and function were comprehensively 
assessed by ultrasonography.

Standard TEE was performed in all study 
patients (particularly focused on evaluating 
the LAA). The LAA was examined in multiple 
views with the use of color Doppler imaging 
to assess the presence of blood flow between 
the left atrium and the closed appendage. Fur‑
thermore, 3‑dimensional imaging was used to 
evaluate the structure and related anatomy.

Cardiac computed tomography (CT) was per‑
formed when any leakage was suspected.

Computed tomography angiography was 
conducted using the Aquilion One 320‑row 
detector (Toshiba Medical Systems, Tokyo, 
Japan). Nonionic contrast material (60 ml), 
iomeprol (Iomeron 400, Bracco Imaging SpA, 
Milan, Italy), followed by 30‑ml solution (50% 
contrast / 50% saline) was administered intra‑
venously at a rate of 5 ml/s using a power in‑
jector. Cardiac CT protocols were obtained us‑
ing 2‑phase scanning.

Digital images were interpreted with the Vit‑
reaWorkstation software (Vital, Toshiba Med‑
ical Systems Group Company, Veenendaal, The 
Netherlands).

The university ethics committee approved 
the study (APK.002.213.2020), and patient writ‑
ten consent for examination was obtained.

Statistical analysis  Due to an extremely 
small sample size (only a single patient with 
incomplete occlusion) and low statistical pow‑
er, comparisons between complete and incom‑
plete appendage occlusions were omitted. Study 
results were expressed with descriptive statis‑
tics. The IBM SPSS Statistics software, version 
20.0 (Armonk, New York, United States), was 
used for calculations.

1 cm.6 Secure closure from the outside is also 
possible with clips or cutting staplers, which 
could be applied both during operations via 
sternotomy as well as left minithoracotomy 
or even during thoracoscopic surgeries with 
access through the left pleural space. Percu‑
taneous devices have been introduced to ex‑
clude the left atrial appendage from the in‑
side and thereby eliminate the risk of blood 
retention and clot formation. Appendage ex‑
clusion performed with percutaneous devic‑
es has provided good results in selected pa‑
tients with favorable anatomy. Furthermore, 
leaks around the device not exceeding 5 mm 
are regarded as a procedural success. However, 
even if such leakage occurs, a significant de‑
crease in the stroke rate is reported.7

So far, no studies have examined the effec‑
tiveness of surgical appendage closure as a con‑
comitant procedure performed during mini‑
mally invasive mitral valve surgery. Therefore, 
the aim of our study was to assess the effective‑
ness of surgical closure of the LAA during min‑
imally invasive mitral valve surgery via right 
minithoracotomy.

Methods S tudy population  We conduct‑
ed a retrospective study and analyzed patients’ 
archived anonymous data. In the years from 
2012 to 2017, 50 consecutive patients with 
mitral valve disease underwent minimally 
invasive mitral valve surgery and LAAC. All 
of them were invited to echocardiograph‑
ic examination in order to assess the  out‑
comes of LAAC. A  total of 19 patients re‑
sponded to the invitation and were includ‑
ed in the study. The baseline clinical charac‑
teristics of the study patients are presented 
in Tables 1 and 2.

Surgery  The surgeries were performed by 
an experienced cardiovascular surgeon. In all 
study patients, the access site was achieved 
by right minithoracotomy in the  4th in‑
tercostal space. Extracorporeal circulation 
was established through the groin vessels. 

What’s new?
Left atrial appendage occlusion decreases the risk of stroke complications in 
patients with atrial fibrillation. Surgical closure of the left atrial appendage 
during full sternotomy is a common procedure, whereas data on surgical 
closure during minimally invasive mitral valve surgery have not been reported 
so far. This study shows the satisfactory effectiveness of the latter approach 
performed through right minithoracotomy using the double‑row suturing 
method. Minimally invasive mitral valve surgery provides very good visibility 
of the base of the atrial appendage and thus facilitates complete suturing. As 
minimally invasive methods has become common in cardiac surgery, the 
described method of atrial appendage occlusion may be expected to gain even 
greater importance.
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Discussion  An  effective occlusion of 
the  LAA remains a  challenge regardless of 
the closure technique used. In the largest trans‑
catheter closure registry, EWOLUTION (Eval‑
uating Real‑Life Clinical Outcomes in Atrial 
Fibrillation Patients Receiving the WATCH‑
MAN Left Atrial Appendage Closure Technol‑
ogy), the device did not expand in 15 individu‑
als out of 1019 patients admitted for appendage 
closure with the Watchman system, left a leak 
less than 5 mm in 78, and caused a leak larger 
than 5 mm in 7. A total of 100 patients (9.8%) 
did not achieve optimal procedural outcomes.7 
According to the liberal criteria set in that reg‑
istry, only a leakage above 5 mm was regard‑
ed as a procedural failure. On the contrary, in 
surgical records, only complete appendage oc‑
clusion without a residual stump is considered 
a procedural success. According to these crite‑
ria, the LAAOS (Left Atrial Appendage Occlu‑
sion Study) showed procedural success in sur‑
gical closure only in 45% of patients. Interest‑
ingly, after the operator had performed at least 

Results  Among the study patients, there 
were 12 women aged between 61 to 73 years and 
7 men aged between 36 to 76 years. The mean 
(SD) age of the operated patients was 67.4 (10.3) 
years. All of them underwent intraoperative TEE 
performed by an anesthesiologist, which dem‑
onstrated a good result of the appendage clo‑
sure immediately after the surgery.

Time elapsed from surgery to TEE examina‑
tion ranged from 0.5 to 5 years. No study patient 
suffered from stroke or other thromboembolic 
events during follow‑up. In a single patient, TEE 
was not performed because of poor toleration of 
the TEE probe. Out of 19 patients, complete oc‑
clusion was confirmed in 18 individuals (95%). 
During TEE examination, a trace leakage not ex‑
ceeding 1 mm was suspected (Figure 1) in 2 patients. 
In both cases, the suspicion of leakage was ruled 
out on CT (Figure 2). In a single patient, in whom 
TEE was not performed, CT showed a significant 
leakage of the LAA suture line of about 6 mm in 
diameter. Selected procedural and imaging data 
are presented in Table 3.

Table 1  Baseline characteristics of the study patients

Characteristics Mean (SD) Median (IQR)

Age, y 67.4 (10.3) 70 (62–75)

LA size, cm 5 (0.6) 5.1 (4.4–5.6)

LA volume, ml 128.2 (44.9) 133 (79–160)

LAV index, ml/m2 68.4 (24.2) 70 (46–86)

EF, % 48.5 (10) 52 (40–55)

NT‑proBNP, pg/ml 524.5 (463.2) 401.8 (221.9–724.8)

Creatinine, mg/dl 1 (0.3) 0.9 (0.8–1.1)

eGFR, ml/min/1.73 m2 70.3 (21.1) 69 (53–79)

Total cholesterol, mg/dl 176.9 (78.5) 170 (112.8–213.8)

LDL cholesterol, mg/dl 119.8 (53.8) 120.5 (78–144.3)

HDL cholesterol, mg/dl 43.9 (14.7) 43.5 (36.8–56.5)

Triglycerides, mg/dl 100.5 (134.4) 78 (0–117)

Hemoglobin, mg/dl 13.27 (1.49) 13.1 (12.4–13.9)

Abbreviations: EF, ejection fraction; eGFR, estimated glomerular filtration rate; HDL, high‑density lipoprotein; LA, left atrium; LAV, left 
atrium volume; LDL, low‑density lipoprotein; NT‑proBNP, N‑terminal fragment of the prohormone brain natriuretic peptide

Table 2  Comorbidities of the study patients

Comorbidity Patients, n (%)

Hypertension 12 (63.2)

History of stroke 2 (10.5)

Heart failure NYHA class I 1 (5.3)

NYHA class II 12 (63.2)

NYHA class III 6 (31.5)

Abbreviations: NYHA, New York Heart Association
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demonstrated that LAAC reduces the incidence 
of postoperative stroke or embolism and mor‑
tality in patients with preoperative AF.4

Based on the literature, it can be assumed 
that anticoagulation is not necessary in patients 
with an occluded appendage.9 It seems that, af‑
ter confirming the successful surgical closure of 
the LAA on TEE or CT, discontinuation of anti‑
coagulation can be considered.

Minimally invasive mitral valve surgery pro‑
vides very good visibility of the atrial appendage, 
which facilitates complete suturing. We achieved 
complete closure in 95% of the study patients. 
Thus, the effectiveness of our method at mid
‑term follow‑up was definitely greater than that 
of the currently used transcatheter closure tech‑
nique (95% vs 44%–48%).10,11 Furthermore, sutur‑
ing with a double‑row technique from the inside 
eliminates the risk of leaving a residual stump 
inside. Of note, in contrast to the transcatheter 
closure technique, every anatomical variation 
of the appendage is suitable for surgical closure.

The number of mitral valve surgeries per‑
formed with minimally invasive access is con‑
stantly rising. Therefore, an effective method of 
LAAC during mitral valve surgery with right
‑sided minithoracotomy may have a prognostic 
value for larger numbers of patients. To con‑
firm these data, further evaluation and mul‑
ticenter studies are needed.

There are 2 modalities widely used to assess 
the effectiveness of the LAAC procedure: TEE 
and CT. Computed tomography is a noninva‑
sive method. Moreover, it has excellent spatial 
resolution, and 3‑dimensional assessment fa‑
cilitates more sensitive detection and clarifies 
the mechanisms of leakage. The disadvantages 
of CT scanning include the need for using a con‑
trast agent, radiation exposure, high costs, and 
still limited availability. In our study, none of 
the cases of incomplete LAAC detected by TEE 
were confirmed by CT. This is in contrast to pre‑
vious reports,10,11 in which left atrial appendage 
patency was observed more often on CT. Over‑
diagnosis of leakage on TEE with color Dop‑
pler imaging may result from the incorrect as‑
sessment of blood flow in the circumflex artery.

Study limitations  Admittedly, our study in‑
cluded a small number of patients. Its results 
might be underpowered to determine the true 
clinical benefits of the presented technique of 
surgical LAAC.

Conclusions  Surgical suturing of the left atri‑
al appendage as a concomitant procedure dur‑
ing minimally invasive mitral valve surgery 
performed through right minithoracotomy is 
an effective technique that provides durable re‑
sults. In patients without kidney disease, CT is 
a valuable alternative to TEE in the assessment 
of LAAC efficacy.

4 procedures, the procedural success doubled to 
87%.8 Therefore, the credibility of this obser‑
vation seems to be questionable. Despite low
‑grade guideline recommendations, surgical 
LAAC is intuitively performed in patients with 
AF undergoing concomitant procedures. A re‑
cent meta‑analysis including 280 585 patients 

Figure 1  Suspected residual flow and persistent leakage after surgical left atrial appendage 
closure on transesophageal echocardiography (arrow)

Figure 2  Computed tomography showing a complete occlusion of the appendage: a stump 
of the left atrial appendage without blood flow (arrow)
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