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Abstract

Background: Transseptal atriotomy provides better exposure to the mitral valve in challenging cases but has conflicting results with
postoperative rhythm disturbances. We aimed to investigate long term results of limited transseptal atriotomy in cases with a small left
atrium. Methods: From January 2010 through February 2014, 1214 patients underwent mitral valve surgery at the SBÜ Kartal Ko-
suyolu High Specialization Training and Research Hospital. Left atrium diameter on 2-dimensional (2-D) echocardiography defined
in 119 patients who had small left atrium and met the inclusion criteria were enrolled in the study, of which 57 patients (47.9%) un-
derwent transseptal atriotomy (Group TS), while 62 patients (52.1%) underwent a left atriotomy (Group LA). Data was retrospectively
collected. Long-term analyses were performed based on survival. The mean follow-up duration was 10.7± 4.2 years. Results: Isolated
mitral procedures were performed in 49 patients (41.2%). Concomitant tricuspid valve surgery was performed in 42 patients (35.3%),
concomitant aortic valve surgery in 24 patients (20.2%), and concomitant coronary artery bypass grafting in 15 patients (12.6%). The
procedure rates were comparable in both Groups (p > 0.05). There was no significant difference in pre-operative variables. Ischemic
time and total perfusion time were found to be similar in the Group TS vs. Group LA (87.6 ± 33.5 vs. 77.4 ± 27.8 minutes and 117.2
± 38.4 vs. 112.3± 33.8 minutes respectively; p> 0.05). New-onset arrhythmia was higher in the Group TS but did not reach statistical
significance (26.3% vs. 19.4%; p = 0.5). The rate of permanent pacemaker insertion was similar (5.3% vs. 4.8%; p = 0.9). Follow-up
was completed in all cases and survival rate was 64.7% (64± 7% in Group TS vs. 58± 7% in Group LA; p> 0.05). Log rank analyses
shows similar survivals (Group TS: 11.7 ± 0.6 years, 95% CI: 10.5–12.9; Group LA: 11.8 ± 0.6 years, 95% CI: 10.6–12.9; p > 0.05).
In the multivariate Cox regression analysis, age, obesity, procedure type, and left ventricular dysfunction were found to be independent
risk factors for late mortality. Regardless of tricuspid valve surgery, concomitant coronary artery bypass grafting (CABG) had worse
survival compared to isolated mitral procedures and concomitant aortic valve replacement (AVR) (12.5 ± 0.5 years for mitral, 11.4 ±
1 years for concomitant AVR, and 8.2 ± 1.2 years for concomitant CABG; p < 0.01). Conclusion: Limited transseptal atriotomy was
not found to be inferior when compared to left atriotomy in cases with a small left atrium undergoing while mitral valve (MV) should be
performed when the exposure is challenging.
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1. Introduction
Mitral valve disease is the most common valve pathol-

ogy in the general population and the second most common
in the elderly population, with an anticipated increase in
prevalence over the next decade [1]. Due to its deep and
inferior location, exposure and accessibility of the mitral
valve is more challenging than other valves. In the soci-
ety of thoracic surgery (STS) 2019 database, the mortality
rate associated with mitral valve replacement is 5%, which
is higher than aortic valve replacement [2]. Although the
most commonly preferred incision in mitral valve surgery is
a left atriotomy anterior to the left pulmonary veins, a Son-
dergaard’s Groove incision with an interatrial sulcus dis-
section is also preferred. However, in patients with a deep
chest and a long anteroposterior axis, a history of previous
aortic valve surgery and a small left atrium, the exposure is
challenging [3,4]. Reports from the early 2000s concluded
that transseptal atriotomies, which provide better exposure

for the mitral valve, were associated with complete loss of
sinus rhythm with a need for transient pacemaker insertion
up to 66% and permanent pacemaker insertion of 10% in
the postoperative period [5–7]. As a result, transseptal atri-
otomy was infrequently performed in most surgical prac-
tices.

Minimally invasive techniques are gaining popularity
in cardiac surgery but the conventional left atriotomy poses
significant limitations in patients who require concomi-
tant procedures. In the last decade, there have been suc-
cessful reports of concomitant cardiac operations including
multiple valve procedures and minimally invasive direct
coronary artery bypass (MIDCAB) plus mitral valve pro-
cedures using minimally invasive approaches, which have
contributed to a resurgence in the popularity of transsep-
tal atriotomies [8,9]. In previous studies that reporting un-
favourable results, the incision was extended to the dome
of the left atrium and concomitant valve procedures were
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performed more frequently in the Group TS. Meta-analyses
have demonstrated that these factors are significant risk
factors for postoperative arrhythmias. In addition, studies
comparing transseptal atriotomywith conventional left atri-
otomy have not excluded surgical selection bias and have
not conducted analyses on diverse patient Groups [7,10–
12].

We aimed to investigate the long-term outcomes of
limited transseptal atriotomy during mitral valve surgery in
patients with isolated small left atria.

2. Methods
The study was designed as a retrospective cohort. Pa-

tient data undergoing mitral valve surgery at the SBÜ Kar-
tal Kosuyolu High Specialization Training and Research
Hospital between January 2010 and February 2014 were
analyzed. 1214 patients were extracted from the hospi-
tal database. Informed consents was obtained from all
patients. The ethical approval number is E-10840098-
202.3.02-596. Pre-operative echocardiographic evalua-
tions were performed routinely in all patients. Left atrial
(LA) diameter was derived from the parasternal long-axis
B-mode view on 2-D echocardiography. The operations
were performed by 4 different surgical teams, and two of
them performed a left atriotomy in all cases. One sur-
gical team decided the incision intra-operatively and per-
formed transseptal incisions in patients with challenging
mitral valve exposure. A 4th surgical team routinely per-
formed transseptal incisions in cases with an LA diame-
ter below 4.5 cm. A left atrial diameter measured at 4.5
cm or below on two-dimensional echocardiography was
classified as small left atrium. Emergency indications, in-
fective endocarditis, critical preoperative conditions, pre-
operatively implanted permanent pacemaker, and concomi-
tant rhythm ablation procedures were excluded. Addition-
ally, patients with a history of cancer, cirrhosis, or those
receiving immunosuppressive medication, which could in-
fluence long-term survival, were excluded from the study
to ensure accurate survival analysis. 119 patients with a
small left atrium and meeting the inclusion criteria were
enrolled in the study. Of these, 57 patients (47.9%) under-
went a transseptal atriotomy (Group TS), while 62 patients
(52.1%) underwent a left atriotomy (Group LA).

In all patients a post-operative electrocardiography
(ECG) was performed shortly after transfer to the inten-
sive care unit (ICU). An ECG was recorded in all pa-
tients and was repeated daily until discharge. A-V block
other than Type 1, junctional rhythm, atrial fibrillation-
flutter, amiodarone or electro-cardioversion therapies were
defined as arrhythmias. In case of new-onset atrial fib-
rillation/flutter an electro-cardioversion was performed as
the first stage therapy and treatment was continued with
iv-amiodarone. An anticoagulation regimen was started
on postoperative day 1 with low molecule weight heparins
(LMWHs) and warfarin after the removal of all drainage

catheters. The international normalized ratio (INR) goal
was 2–3 in the repair group and 2.5–3.5 in the mitral me-
chanical prosthesis group. The anticoagulation therapy was
decided based on the patients CHA2DS2-VASc score after
3 months; and warfarin was preferred over non-vitamine K
oral anti-coagulants (NOACs). Post-operative evaluations
were performed routinely at 1st week, 1st month, 1st year
and 2nd year after discharge. 3 points major adverse car-
diac events (MACE) rates at 2 years were obtained from the
hospital database. However, further evaluation of MACE
could not be performed due to inadequate contact addresses
and telephones. Survival datas for all patients were ob-
tained from the National population administration system
(MERNIS).

The distribution of continuous variables were evalu-
ated both visually (using histograms) and statistically (using
the Kolmogorov-Smirnov or Shapiro-Wilk tests). For nu-
merical variables, statistical comparisons were performed
using the independent samples t-test if the data were nor-
mally distributed, and the Mann-Whitney U test if the data
were not normally distributed. For categorical variables,
the Chi-square and Fisher’s exact tests were used. Survival
analyses were conducted using the Kaplan-Meier method
and Cox regression tests.

The significance level was set at p< 0.05. In compar-
ison analysis when the difference can not reach to 0.05, it
was noted as non-significant (NS).

Surgical Technique

Operations were performed via a full median ster-
notomy. In redo cases, femoral cannulation was performed
prior to sternotomy, followed by median sternotomy using
an oscillating redo saw. The operations were conducted un-
der moderate hypothermia at 32 °C, with myocardial pro-
tection achieved via antegrade and retrograde isothermic
blood cardioplegia. In the left atriotomy group (Group LA),
the incision was made using the standard method without
an interatrial groove dissection. In the transseptal group
(Group TS), the right atriotomy was performed parallel to
the atrioventricular groove then the fossa ovalis was in-

Table 1. Operative data.
Group TS Group LA p

Isolated MV procedure 22 (38.6%) 27 (43.5%) 0.7
MV repair 12 (21.1%) 24 (38.7%) 0.052
Concomitant procedure
TV annuloplasty 23 (40.4%) 19 (30.6%) 0.3
AV replacement 16 (28.1%) 8 (12.9%) 0.07
CABG 8 (14.1%) 7 (11.3%) 0.7

Total perfusion time (min.) 117.2 ± 38.4 112.3 ± 33.8 0.4
Ischemic time (min.) 87.6 ± 33.5 77.4 ± 27.8 0.07
MV, mitral valve; AV, aortic valve; TV, tricuspid valve;
CABG, coronary artery bypass grafting; TS, transseptal; LA,
left atriotomy.
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Table 2. Demographic and echocardiographic data.
Group TS Group LA p

Age 50.8 ± 14.8 57.8 ± 12.9 0.07
Obesity 8 (14.1%) 14 (22.6%) 0.3
Gender (male) 22 (38.6%) 23 (37.1%) 0.8
EuroSCORE II* 2.38 ± 2.45 2.33 ± 2.33 0.3
Previous cardiac surgery 7 (12.3%) 6 (9.7%) 0.6
NYHA class** 0.2
II 23 (40.4%) 30 (48.4%)
III 28 (49.1%) 30 (48.4%)
IV 6 (10.5%) 2 (3.2%)

LVEF 53.6 ± 9 53.5 ± 9 0.5
LV systolic dysfunction 14 (24.6%) 14 (22.6%) 0.8
Mitral stenosis 22 (38.6%) 16 (25.8%) 0.1
Secondary MR 11 (19.3%) 9 (14.5%) 0.1
Left atrial diameter (cm) 4.2 ± 0.3 4.3 ± 0.3 0.7
Normal sinus rhythm 42 (73.7%) 46 (74.2%) 0.9
*Median± IQR, NYHA, New York Heart Association; LVEF,
left ventricular ejection fraction; LV, left ventricle; MR, mitral
regurgitation.
**Statistical analyse was performed with Mann-Whitney U
Test.

cised vertically. The septostomy was not extended to the
left atrial dome. An extrended transseptal incision was per-
formed by only one surgical team in 4 patients who met
the inclusion criteria. These 4 patients were not included
in the study. For left atrial venting, a suction cannula was
placed through the right superior pulmonary vein (RSPV) in
Group LA and through the transseptal incision in Group TS.
Mitral valve repairs were performed with a valvuloplasty
and ring annuloplasty, while mechanical valves were pre-
ferred for bothmitral and aortic valve replacements. Tricus-
pid annuloplasty was performed using the De Vega suture
annuloplasty technique. Isolated mitral procedures were
performed in 49 patients (41.2%). Concomitant tricuspid
valve surgery was performed in 42 patients (35.3%), con-
comitant aortic valve surgery in 24 patients (20.2%), and
concomitant coronary artery bypass grafting in 15 patients
(12.6%). Although concomitant procedures were more fre-
quently performed in Group TS, the difference was not sta-
tistically significant. The mean perfusion time and the is-
chemic time were found to be similar in both Groups (Ta-
ble 1).

3. Results
The mean age was 52.8 ± 14 years, and 37.8% of the

patients were male. A history of previous cardiac surgery
was present in 13 cases (10.9%). 28 patients (23.5%) have
left ventricular systolic dysfunction and the left ventricu-
lar ejection fraction (LVEF) was below 35% in 7 patients
(5.8%). The mean left atrial diameter was 4.2 ± 0.3 cm.
The prevalence of secondary mitral regurgitation was sig-
nificantly higher in the mitral valve repair (MVr) group

Table 3. Post-operative variables.
Group TS Group LA p

LCOS 12 (21.1%) 22 (35.5%) 0.08
IABP 0 4 (6.5%) 0.052
ECMO 1 (1.8%) 0 0.3
Respiratory insufficiency 3 (5.3%) 4 (6.5%) 0.7
Bleeding-revision 5 (8.8%) 3 (4.8%) 0.3
AKI 5 (8.8%) 4 (6.5%) 0.6
Haemodialysis 1 (1.8%) 1 (1.6%) 0.9
New onset arrhythmia 15 (26.3%) 12 (19.4%) 0.5
Atrial fibrillation flutter 4 (7.1%) 5 (8.1%) 0.7
Type 2–3 A-V Block 1 (1.7%) 1 (1.6%) 0.9
Junctional Rhythm 10 (17.5%) 6 (9.7%) 0.09
Persistent arrhythmia 7 (12.3%) 7 (11.3%) 0.9
Transient pacemaker 12 (21.1%) 7 (11.3%) 0.06
Pacemaker implantation 3.0 (5.3%) 3.0 (4.8%) 0.9
NSR at discharge 35 (65.5%) 42 (70%) 0.7
CVE 2 (3.6%) 0 0.1
Wound infection 2 (3.5%) 3 (4.8%) 0.7
ICU stay (days) 2 ± 3 2 ± 3 0.8
Discharge (days) 8 ± 5 7 ± 5 0.2
In-hospital mortality 2 (3.5%) 2 (3.2%) 0.9
LCOS, low cardiac output syndrome; AKI, acute kidney injury;
NSR, normal sinus rhythm; CVE, cerebrovascular event; ICU,
intensive care unit; IABP, intra-aortic balloon pump; ECMO,
extracorporeal membrane oxygenation.

Table 4. Overall survival rates.
Group TS Group LA p

1st year survival 95 ± 3% 92 ± 3% 0.8
5th year survival 86 ± 5% 89 ± 4% 0.6
10th year survival 70 ± 6% 69 ± 6% 0.6
14th year survival 64 ± 7% 58 ± 7% 0.5
1st year MACE free survival 52 (91.2%) 56 (90.3%) 0.8
2nd year MACE free survival 49 (85.9%) 55 (88.7%) 0.6
MACE, major adverse cardiac events.

compared to the replacement (MVR) group (44.4% in MVr
vs. 4.8% in MVR, p < 0.001). Normal sinus rhythm was
present in 88 patients (73.9%) during the preoperative pe-
riod. No significant differences were observed between the
Groups in terms of demographic characteristics (Table 2).

Postoperative variables are summarized in Table 3,
and both Groups have similar outcomes. Surgical mortal-
ity occurred in 4 patients (3.4%). One patient who under-
went isolated MVR died due to an atrioventricular groove
rupture, two patients who underwent aortic valve replace-
ment (AVR) plus MVR died in the early postoperative pe-
riod due to low cardiac output syndrome (LCOS), and one
patient who underwent CABG plus MVr died due to me-
diastinitis and sepsis. Permanent pacemaker implantation
was required in 6 patients (5.2%) and no statistically sig-
nificant differences were observed between the Groups (p
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Fig. 1. Survival curves for atirotomies. Comparison of late survival 11.7± 0.6 (95% CI: 10.5–12.9) years in Group TS vs. 11.8± 0.6
(95% CI: 10.6–12.9) years in Group LA (p > 0.05).

Fig. 2. Survival curves for procedures. Late survival curves for procedure types regardless of TV repair 12.5 ± 0.5 (95% CI: 11.6–
13.5) years for mitral procedure vs. 11.4± 1 (95% CI: 9.4–13.3) years for concomitant AVR vs. 8.2± 1.2 (95% CI: 5.9–10.5) years for
concomitant CABG (p < 0.01).

> 0.05). Post-operatively permanent pacemaker implanta-
tion rates for isolated mitral surgery, concomitant tricuspid
valve (TV) repair, and concomitant AVR were 2.1%, 9.5%
and 8% respectively. Respiratory insufficiency was defined
as reintubation and found to be similar in both Groups (p>
0.05).

Themean follow-up duration was 10.7± 4.2 years (0–
14.9 years). At the end of the follow-up period, the overall
survival rate in the cohort was 64.7%. 1, 5, 10, and 14-year

survival rates were similar in bothGroups (Table 4). MACE
free survival rates at 1st year and 2nd year after surgery are
comparable (91.2% and 86% in Group TS vs. 90.3% and
88.7% in Group LA respectively, p > 0.05).

Survival analyses revealed no significant differences
between the Groups (Group TS: 11.7 ± 0.6 years, 95% CI:
10.5–12.9; Group LA: 11.8± 0.6 years, 95%CI: 10.6–12.9;
p > 0.05) (Fig. 1). In the survival analysis based on surgi-
cal procedures, the survival rate in the concomitant CABG
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Fig. 3. Survival curves for mitral repair vs. replacement. Comparison of late survival of patients who had mitral valve repair (MVr)
versus replacement (MVR) (p> 0.05) 10.9± 0.9 (95% CI: 9.2–12.7) years for MVr vs. 12.1± 0.4 (95% CI: 10.9–12.6) years for MVR
(p > 0.05).

Table 5. Risk factors for late mortality (Cox-regression).
HR 95% CI Sig

Age (per years) 1.05 1.02–1.08 <0.001
Obesity 3.9 1.7–8.6 <0.001
Pre-operative cardiac failure 2.6 1.2–5.1 <0.01
Procedure type <0.05

Concomitant AVR 1.8 0.8–4.3
Concomitant CABG 3 1.3–6.9

AVR, aortic valve replacement; CABG, coronary artery bypass
graft; Sig, significance.

group was significantly lower compared to the concomitant
AVR and isolated mitral groups (12.5± 0.5 years for mitral,
11.4 ± 1 years for concomitant AVR, and 8.2 ± 1.2 years
for concomitant CABG; p< 0.01) (Fig. 2). Mitral valve re-
pair did not provide superior long-term survival compared
to mitral valve replacement (10.9 ± 0.9 years for MVr vs.
12.1 ± 0.4 years for MVR; p > 0.05) (Fig. 3).

In univariate analyses, several variables were iden-
tified as risk factors for long-term survival: age, obe-
sity, chronic obstructive pulmonary disease (COPD), left
ventricular systolic dysfunction, procedure type, and Eu-
roSCORE II (p < 0.05). However, in the multivariate Cox
regression analysis, only age, obesity, procedure type, and
left ventricular dysfunction were found to be independent
risk factors for late mortality (Table 5).

4. Discussion
Transseptal atriotomies preferred for its better expo-

sure in challenging mitral valve cases. However, it has

been associated with a high incidence of postoperative si-
nus node dysfunction in studies conducted between 1990
and 2000 and an incidence of permanent pacemaker inser-
tion [5,6,13]. This pathology was primarily attributed to
the transection of the sinus node artery during the exten-
sion of the transatrial incision to the left atrial dome. In
a previous report, the superior vena cava was also tran-
sected to enhance exposure, resulting in a ten-fold increase
rate of permanent pacemaker implantation in the Group TS
[14]. Large-scale meta-analyses have shown that concomi-
tant valve procedures increase the need for pacemaker im-
plantation by up to 2.7-fold independent of the incision
type [11,12]. Studies reporting higher rates of postoper-
ative transient and permanent pacemaker requirements in
the Group TS also noted a significantly higher prevalence
of redo cases and concomitant tricuspid and aortic valve in-
terventions in this Group [7,8]. In our study, concomitant
procedures were similar in both Groups (61.4% in Group
TS vs. 53.5% in Group LA; p > 0.05). New-onset ar-
rhythmias, transient pacemaker requirements and perma-
nent pacemaker implantation were comparable in Group TS
vs. Group LA (26.3% vs. 19.4%, 21.1% vs. 11.3%, 5.3%
vs. 4.8% respectively; p > 0.05). In studies where the in-
cision was extended to the left atrial dome and the superior
vena cava was transected, ischemic time and total perfusion
time were found to be longer compared to the left atriotomy
approach [5,7,14]. This may be caused by difficulties in the
closure of the atriotomy. In our surgical technique, since the
incision was not extended to the left atrial dome, the risk of
injury to the sinus node artery was lower compared to other
studies. Additionally, closure was easier than for extended
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transseptal atriotomies. Thus ischemic time and total per-
fusion time were similar in both Groups in our study (87.6
± 33.5 vs. 77.4 ± 27.8 and 117.2 ± 38.4 vs. 112.3 ± 33.8
in Group TS vs. Group LA, respectively; p > 0.05).

The mitral valve is more difficult to access and expose
compared to the other valves. Studies reported that isolated
mitral valve procedures have an operative mortality rate
between 1.1% and 1.4%. However, real-world population
data show that this rate can rise to 5%, and the mortality rate
for mitral valve replacement (MVR) is twice as high as that
for aortic valve replacement (AVR) [2,15,16]. In our study,
the overall operative mortality rate was 3.4%, and compa-
rable in both Groups (3.5% in Group TS vs. 3.2% in Group
LA; p > 0.05). Meta-analyses have shown that concomi-
tant tricuspid valve (TV) repair does not increase mortal-
ity in mitral valve surgery [17]. Due to the limited number
of patients in our study, mortality analyses were conducted
independently of TV repair to avoid statistical distortion in
cross-tabulation analyses. Operative mortality rates were
found as 1.3% for isolated mitral valve procedures, 7.4%
for concomitant AVR, and 6.7% for concomitant CABG.
The median EuroSCORE II value for our patients was 2.35
± 2.35 (range: 0.8–23.5) and our observed operative mor-
tality rate was higher. Recent publications report operative
mortality rates for concomitant AVR plus MVR ranging be-
tween 4.2% and 13.5% [8,18], while real-world population
data for concomitant CABGplusMVR indicate a rate of 9%
[2]. Our mortality rates are consistent with the literature.

In mitral valve surgery, mitral valve repair has demon-
strated a significant improvement in both early postopera-
tive outcomes and long-term survival, reducing mortality
by 50% [2,18]. However, the use of biological valves in
the mitral position negatively impacts survival in patients
under 70 years of age [19]. In our study, mechanical valves
were chosen as the prosthetic valve, and mitral repair did
not show a long-term survival advantage over replacement.
This may be attributed to the significantly higher preva-
lence of secondary mitral regurgitation (MR) in the repair
group (44.4% in MVr vs. 4.8% in MVR; p < 0.001). San-
nino et al. [20] reported that the risk of cardiac mortality
is 2.62 times higher in secondary MR, and the higher rate
of secondary MR in the repair group in our study may have
adversely affected the long-term survival of these patients.
Concomitant CABG had worse survival rates in our study.
Tsao et al. [21] reported that 1, 5, 10-year survival rates
are 92%, 74% and 39% in CABG plus MVr in patients with
severe secondary MY. We found similar results as the 10-
year survival rate was 40% in this group. In our study, the
survival rates for isolated mitral valve surgery were 95.9%
at 1 year, 93.9% at 5 years, and 87.8% at 10 years. These
findings are consistent with large-scale analyses, which re-
ported similar survival rates of 95% at 5 years and 87.3%
at 8 years [14,15].

Limitations
This is a single centre, retrospective study, which in-

troduces an element of selection bias. The lack of a multi-
centre study reduces its generalizability to the other centers.
The extended transseptal incision is a valuable technique
for patients with challenging mitral exposure; however our
study only included patients undergoing limited transseptal
incision. We report long-term survival data but quality of
life is also an important outcome after cardiac interventions.

5. Conclusion
Transseptal atriotomy, when performed without ex-

tending the incision to the left atrial dome, yields similar
early and long-term outcomes compared to conventional
left atriotomy. In our study, no adverse effects on postop-
erative arrhythmias were observed with this approach.
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