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Abstract 

OBJECTIVES: This study aimed to classify anatomical variations in aortic root rotation using preoperative three-dimensional transoeso
phageal echocardiography (3D-TEE), validate these findings with cardiac computed tomography (CT) in patients undergoing mitral valve 
surgery and evaluate the clinical impact on postoperative atrioventricular conduction disorders.

METHODS: A total of 126 patients with normal electrocardiograms who underwent isolated mitral valve surgery were included. 
Anatomical variation was diagnosed using 3D-TEE, and aortic root rotation angle was measured using cardiac CT. New-onset postopera
tive atrioventricular block (AVB) and bundle branch block were analysed.
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RESULTS: Variations of aortic root rotation were classified by 3D-TEE into two categories: ‘center rotation’ (normal) (85.7%, n¼ 108/126), 
where the commissure of the left and non-coronary aortic leaflet was located at center of the anterior mitral leaflet, and ‘lateral rotation’ 
(14.3%, n¼ 18/126), rotated to the lateral trigone side. The aortic root rotation angle, where the interatrial septum was defined as a refer
ence, measured by cardiac CT strongly correlated with 3D-TEE findings (‘center rotation’ vs ‘lateral rotation’: 51.6� vs 64.6�, P< 0.001). 
The incidence of new-onset conduction disorder, all presenting with first-degree AVB, was significantly higher in the ‘lateral rotation’ 
than in the ‘center rotation’ (38.9% [n¼ 7/18] vs 5.6% [n¼ 6/108], P< 0.001). Aortic root rotation angles were identified as significant risk 
factors for postoperative first-degree AVB (odds ratio, 1.05; 95% confidential interval, 1.01–1.09; P¼ 0.027), with cutoff values of 58.7�

predicting persistent new-onset AVB.

CONCLUSIONS: Aortic root rotation angle measured by cardiac CT validated 3D-TEE diagnosis of ‘lateral rotation’ of the aortic root. 
‘Lateral rotation’ and larger aortic root rotation angles were significant risk factors for postoperative first-degree AVB following mitral 
valve surgery.

Keywords: mitral valve surgery • three-dimensional transesophageal echocardiography • cardiac computed tomography • aortic root 
rotation position • atrioventricular conduction disorder

ABBREVIATIONS  

3D-TEE Three-dimensional transoesophageal echo
cardiography  

AVB Atrioventricular block  
BBB Bundle branch block  
CI Confidential interval  
CT Computed tomography  
ECGs Electrocardiograms  
OR Odds ratio  
PAF Paroxysmal atrial fibrillation 

INTRODUCTION

Valvular heart disease, particularly mitral valve disease, is a global 
public health concern, with an increasing incidence with age [1–3]. 
Surgical interventions, repair and replacement are the standard 
treatments for mitral valve disease, providing good short- and 
long-term outcomes [4–6]. However, sutures in mitral valve surgery 
can damage the bundle of His, potentially causing atrioventricular 
conduction disorders [7]. Little is known about these anatomical 
risk factors.

A detailed preoperative imaging of the mitral valve anatomy is 
crucial for preventing postoperative complications. Three- 
dimensional transesophageal echocardiography (3D-TEE) is es
sential for mitral valve surgery, providing real-time, high-quality 
images to investigate mitral leaflet motion and detailed cardiac 
anatomies in almost all patients undergoing the procedure [8, 9].

Clear and high-resolution images of the heart can be obtained 
with recent advancements in cardiac imaging technologies, such as 
TEE and computed tomography (CT), revealing its detailed anat
omy. Cardiac CT has revealed significant variations in aortic root 
rotation [10–15], suggesting ‘lateral rotation’, where the aortic root 
to the lateral fibrous trigone side shortens the distance between 
the membranous septum and mitral annulus [10, 14]. These varia
tions are reflected in the location of the atrioventricular conduction 
system, but their clinical significance is not fully understood.

This study aimed to classify the anatomical variation in the 
‘lateral rotation’ of the aortic root using preoperative 3D-TEE in 
patients undergoing mitral valve surgery. To evaluate the diagnostic 
validity of 3D-TEE, the rotational angle of the aortic root was 
measured using cardiac CT, and its consistency with 3D-TEE find
ings was investigated. Their clinical influence on postoperative 

atrioventricular conduction disorders associated with mitral valve 
surgery was analysed.

MATERIALS AND METHODS

Study population

This single-centre, retrospective study included 857 consecutive mi
tral valve surgeries at Osaka University Hospital between 2012 and 
2023. Among them, a total of 252 patients with normal electrocar
diograms (ECGs) and no history of arrhythmia, including paroxys
mal atrial fibrillation (PAF), underwent first-time elective isolated 
mitral valve surgery via the right-sided left atrial approach. Patients 
who had concomitant surgery or mitral valve surgery via a trans
septal approach, as well as those with a history of cardiac disease, 
including cardiothoracic surgery and percutaneous intervention, 
were excluded. Finally, 126 patients who underwent both preoper
ative 3D-TEE and cardiac CT images were included in the final 
analysis (Supplementary Fig. S1). Postoperative ECG follow-up was 
conducted 1 week and 3 months after surgery (Supplementary Fig. 
S1). All ECG diagnoses, including right bundle branch block (BBB) 
and left BBB, followed established guidelines, with a PR interval of 
200 ms or more considered indicative of a first-degree atrioventric
ular block (AVB) [16]. The diagnoses were determined by at least 
two cardiovascular specialists who blindly reviewed the ECGs. 
Postoperative conduction disorders were defined as those occur
ring immediately after surgery, excluding those that developed after 
discharge.

Ethical statement

This study was conducted in accordance with the principles of the 
Declaration of Helsinki. The Clinical Research Ethics Committee of 
Osaka University Hospital approved the study, and the data were re
leased (approval number: 23121(T6), approval date: 1 August 2023). 
Written informed consent was obtained from all the patients.

Definition of diagnosis in 3D-TEE and 
measurement in cardiac CT

Diagnosis using 3D-TEE was performed using an X8-2t probe 
(Philips Medical Systems) with the EPIQ ultrasound machine 
(Philips Medical Systems) and analysed using the QLAB software 
packages (Philips, Best, Netherlands). As shown in Fig. 1, the 
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surgeon’s view of the mitral valve simultaneously visualized the 
aortic valve, allowing the rotational position of the aortic root to 
be diagnosed independently by two or more cardiovascular spe
cialists in a blinded manner. The diagnosis of aortic root rotation 
was defined as normal when the commissure between the left 
and non-coronary aortic valve leaflets was located at the center 
of the anterior mitral leaflet (‘center rotation’), ‘lateral rotation’ 
when it was clearly recognized to have rotated towards the lat
eral fibrous trigone side and ‘medial rotation’ when rotated to 
the medial trigone side (Fig. 1). The measurement method in 
cardiac CT was performed in the horizontal cross-section of the 
aortic valve, which is consistent with previously reported meth
ods [10–13]. The angle formed by the line connecting the center 
of the right coronary cusp and the commissure between the left 
and non-coronary aortic valve leaflets and the line of the atrial 
septum was defined as the aortic root rotation angle (Fig. 1).

Endpoints

Anatomical variation of the aortic root rotation was diagnosed utiliz
ing preoperative 3D-TEE. To validate the diagnosis, we assessed the 
consistency with the aortic root rotation angle measured by preop
erative cardiac CT. We then identified new-onset postoperative 
atrioventricular conduction disorders (including AVB and BBB), ana
lysed whether ‘lateral rotation’ of the aortic root was a risk factor, 
and examined its relationship with the aortic root rotation angle.

Statistical analysis

Categorical variables were presented as percentages (%), whereas 
continuous variables were expressed as median with interquartile 
range. To compare the two groups, Fisher’s exact test was used for 
categorical variables, and the Wilcoxon rank-sum test was used for 
continuous variables. Univariable analyses using a logistic regres
sion model were performed to identify the risk factors for new- 

onset and persistent postoperative conduction disorders at each 
1 week and 3 months after the surgery. Statistical significance was 
set at P< 0.05. All statistical analyses were performed using 
JMP®Pro (version 17.1.0, SAS Institute Inc., Cary, NC, USA).

RESULTS

Background and surgical characteristics of 
study population

Table 1 shows the patient backgrounds. The median age was 
62.8 years, and 73% of the patients were male. No preoperative 
antiarrhythmic medication was administered to 77% of the 
patients, and almost all patients were diagnosed with degenera
tive mitral regurgitation (90.5%). The operative data and postop
erative medications are presented in Table 1. The minimally 
invasive cardiac surgery was performed in 57.1% of the patients, 
all of which were right thoracotomies, without the use of robotic 
assistance. Among the myocardial protection methods, 46.7% of 
patients received only antegrade cardioplegia, while the remain
ing 53.3% received both antegrade and retrograde cardioplegia. 
A full prosthetic ring was used in 76.3% of the cases underwent 
mitral valve plasty, and a partial ring was used in the remaining 
patients (23.7%). All rings, whether full or partial, were semi- 
rigid. Among the postoperative antiarrhythmic medications, 
50.8% of patients received beta-blockers, whereas 49.2% of 
patients did not receive any antiarrhythmic medication.

Validation of 3D-TEE diagnosis with cardiac CT 
measurements

The diagnosis of 3D-TEE and cardiac CT for all patients was made 
by two or more cardiovascular specialists based on the defined 
criteria and then verified separately to ensure that each diagnosis 

Figure 1: Definitions of aorto-mitral positional anatomy diagnosed by 3D-TEE (A), and aortic root rotation angle measured by cardiac CT (B). 3D-TEE: three-dimensional 
transoesophageal echocardiography; CT: computed tomography; LCC: left coronary cusp; LN: left non-coronary; NCC: non-coronary cusp; RCC: right coronary cusp
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was correct. All patients had tricuspid aortic valves, and there were 
no patients with bicuspid valves. According to the 3D-TEE classifi
cation, 108/126 cases (85.7%) were clearly diagnosed with ‘center 
rotation’ and 18/126 cases (14.3%) with ‘lateral rotation’ (Table 2). 
‘Medial rotation’ was not observed. The association between 3D- 
TEE classification and aortic root rotation angle measured by CT 
was examined. The aortic root rotation angle measured by preop
erative CT was 51.6� in the ‘center rotation’ group and 64.6� in the 
‘lateral rotation’ group (P< 0.001) with a cutoff value of 59.3� or 
more indicates ‘lateral rotation’. This suggests a strong association 
between the aortic root rotation angle measured using cardiac CT 
and 3D-TEE diagnosis (Fig. 2).

‘Lateral rotation’ and aortic root rotation angle: 
risk of new-onset atrioventricular conduction 
disorders after mitral valve surgery

New-onset postoperative atrioventricular conduction disorders 
occurred in 10.3% (n¼ 13/126) of patients, all presenting with 
first-degree AVB, including right BBB in one patient. Six of these 
patients had persistent first-degree AVB 3 months postopera
tively (Table 2). In the association between aortic root rotation 
classified by preoperative 3D-TEE and postoperative first-degree 
AVB, the ‘lateral rotation’ group was significantly more frequent 
than the ‘center rotation’ group (38.9% n¼ 7/18 vs 5.6% n¼ 6/ 
108, P< 0.001: Fig. 3A). The relationship between the aortic root 
rotation angle and the occurrence of postoperative conduction 
disorder revealed that patients with new-onset first-degree AVB 
had a significantly larger aortic root rotation angle than patients 
without AVB (60.6� vs 52.2�, P¼ 0.004), with a cutoff value of 
55.4� or more suggesting that a first-degree AVB may develop at 
1 week postoperatively (Fig. 3A). In the 3-month follow-up, 
‘lateral rotation’ had a significantly higher incidence of persistent 
first-degree AVB than ‘center rotation’ (n¼ 5/17 vs n¼ 1/105, 
P< 0.001; Fig. 3B). Additionally, the rotation angle was signifi
cantly larger in patients whose first-degree AVB persisting for 3 
months after surgery (60.0� vs 52.7�, P¼ 0.032), with a cutoff 
value of 58.7� or more suggesting that new-onset first-degree 
AVB is likely to persist at 3 months postoperatively (Fig. 3B). 
Univariable analysis revealed that ‘lateral rotation’ (odds ratio 
[OR], 10.82; 95% confidential interval [CI], 3.08–37.96; P< 0.001) 
and large aortic root rotation angles (OR, 1.05; 95% CI, 1.01– 
1.09; P¼ 0.027) were identified as significant risk factors for 

Table 1: Baseline characteristics and operative data

Variable All patients (n¼ 126)

Baseline characteristics
Age (years) 62.8 [52.0–70.6]
Male 93 (73.8)
BMI (kg/m2) 22.6 [19.7–24.7]
Diabetes 15 (11.9)
Dialysis 3 (2.4)
Hypertension 45 (35.7)
Peripheral artery disease 2 (1.6)
Cerebrovascular disease 10 (7.9)
NYHA ≥ III 17 (13.5)
Elective 122 (96.8)

Preoperative antiarrhythmic medication
Non 97 (77.0)
Beta-blocker 29 (23.0)

Preoperative transthoracic echocardiography
LVDd (mm) 57.0 [53.0–61.0]
LVDs (mm) 34.0 [30.0–39.0]
LVEF (%) 68.0 [63.0–74.0]
LAD (mm) 46.0 [42.0–51.0]
MR ≥ moderate 122 (96.8)
Carpentier 1 4 (3.2)
Carpentier 2 114 (90.5)
Carpentier 3a 2 (1.6)
Carpentier 3b 6 (4.8)
Mitral stenosis 1 (0.8)
Active infective endocarditis 6 (4.8)

Intraoperative myocardial protection
CPB time (min) 179.0 [139.8–231.8]
Cross clamp time (min) 122.5 [96.8–154.5]
Antegrade cardioplegia only 57 (46.7)

Operative procedures
Median approach 54 (42.9)
Mitral valve plastya 118 (93.6)
Full prosthetic ring 90 (76.3)
Prosthetic ring size (mm) 30.0 [30.0–32.0]
Mitral valve replacementb 8 (6.4)
Bioprosthesis 7 (87.5)
Prosthetic valve size 28.0 [25.5–29.0]

Postoperative antiarrhythmic medication
Non 62 (49.2)
Beta-blocker 64 (50.8)
Amiodarone 1 (0.8)
Digitalis 1 (0.8)

aMitral valve plasty, N¼ 118.
bMitral valve replacement, n¼ 8.
Data are presented as n (%) or median [interquartile range].
BMI: body mass index; CPB: cardiopulmonary bypass; LAD: left atrium di
ameter; LVDd: left ventricular end-diastolic diameter; LVDs: left ventricular 
end-systolic diameter; LVEF: left ventricular ejection fraction; NYHA: New 
York Heart Association functional classification; TR: tricuspid regurgitation; 
TRPG: tricuspid regurgitation pressure gradient.

Table 2: Aorto-mitral positional anatomy classification 
based on 3D-TEE and new-onset postoperative conduc
tion disorders

Anatomy/classification One-week after surgery (n¼ 126)

Aorto-mitral positional anatomy classified by 3D-TEE
Aortic root rotation

Center rotation 108 (85.7)
Lateral rotation 18 (14.3)
Medial rotation 0 (0.0)

Postoperative atrioventricular conduction disorders
New AVB or BBB 13 (10.3)
New AVB

First degree AVB 13 (10.3)
Second degree AVB 0 (0.0)
Third degree AVB 0 (0.0)

New BBB (including LBBB/RBBB)
LBBB 0 (0.0)
RBBB 1 (0.8)

Anatomy/classification Three-month follow-up (n¼ 122)

Persistence of conduction disorders 6 (4.9)
AVB

First degree AVB 6 (4.9)
Second degree AVB 0 (0.0)
Third degree AVB 0 (0.0)

BBB (including LBBB/RBBB)
LBBB 0 (0.0)
RBBB 1 (0.8)

Data are presented as n (%) or median [interquartile range].
3D-TEE: three-dimensional transoesophageal echocardiography; AVB: 
atrioventricular block; BBB: bundle branch block; LBBB: left bundle branch 
block; RBBB: right bundle branch block.
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postoperative first-degree AVB. These were also identified as risk 
factors for persistence of first-degree AVB over 3 months (‘lateral 
rotation’: OR, 43.33; 95% CI, 4.67–402.44; P< 0.001; aortic root 
rotation angle: OR, 1.05; 95% CI, 1.00–1.10; P¼ 0.038) (Table 3). 
The use of a full prosthetic ring for annuloplasty had a tendency 
to contribute to the occurrence of first-degree AVB in 1 week af
ter the surgery (OR, 3.04; 95% CI, 0.85–10.87; P¼ 0.087) and at 
3-month persistence (OR, 7.39; 95% CI, 0.67–48.41; P¼ 0.067) 
(Table 3), but these were not statistically significant.

To investigate the homogeneous cohort, patients with 
Carpentier type 2 mitral regurgitation who underwent mitral valve 
plasty (n¼ 111) were analysed. The results were similar to the total 
cohort analysis (Supplementary Table S1, Figs S2 and S3).

Patient follow-up and incidence of postoperative 
cardiac events

The study analysed the frequency of postoperative cardiac 
events (Fig. 4). Among six patients with persistent new-onset 
first-degree AVB, five were available for follow-up ECGs over 
1 year postoperatively. All five of these patients had residual 
first-degree AVB over 1 year, with none having recovered to a 
normal ECG. Patients with persistent first-degree AVB for 3 
months after surgery had a significantly higher incidence of 
new-onset PAF, which was diagnosed when it occurred intermit
tently during hospitalization after surgery and/or detected by 
follow-up ECG, and required outpatient treatment with oral 

Figure 2: Relationship between the aortic root rotation angle and the anatomical variation of aortic root rotation diagnosed by 3D-TEE. 3D-TEE: three-dimensional 
transoesophageal echocardiography

Figure 3: Incidence of atrioventricular conduction disorders in patients with anatomical variation of aortic root rotation, and differences in aortic root rotation angle 
between with or without new-onset conduction disorders, including cutoff values for event occurrence at postoperative period (A) and three-month follow-up (B)
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Table 3: Risk analysis for postoperative new-onset atrioventricular conduction disorders

Variable One-week after the surgery Three-month follow-up

Odds ratio (95% CI) P value Odds ratio (95% CI) P value

Baseline characteristics and echocardiography
Age (year) 1.02 (0.98–1.07) 0.337 1.04 (0.97–1.11) 0.262
Male 4.74 (0.59–37.97) 0.143 1.82 (0.28–35.64) 0.568
Body mass index (kg/m2) 1.09 (0.93–1.28) 0.277 1.00 (0.79–1.28 0.974
Diabetes 1.70 (0.20–14.07) 0.602 1.58 (0.17–14.64) 0.685
Dialysis Unconvergedc Unconvergedc

Hypertension 1.63 (0.51–5.17) 0.410 1.89 (0.35–9.48) 0.472
Peripheral artery disease Unconvergedc Unconvergedc

Cerebrovascular disease 2.39 (0.45–12.67) 0.307 2.37 (0.25–22.61) 0.451
LVDd (mm) 1.05 (0.95–1.15) 0.341 1.06 (0.93–1.21) 0.365
LVEF (%) 0.99 (0.93–1.06) 0.878 0.98 (0.90–1.06) 0.541
LAD (mm) 1.01 (0.94–1.09) 0.807 1.01 (0.91–1.13) 0.838
Carpentier 3 (vs 1 and 2) Unconvergedc Unconvergedc

Mitral stenosis Unconvergedc Unconvergedc

Active infective endocarditis 1.80 (0.19–16.72) 0.605 Unconvergedc

Elective (vs emergent) 0.33 (0.03–3.40) 0.349 Unconvergedc

Aorto-mitral rotation
‘Lateral rotation’ (vs ‘centre rotation’) 10.82 (3.08–37.96) <0.001 43.33 (4.67–402.44) <0.001
Rotation angle (degree) 1.05 (1.01–1.09) 0.027 1.05 (1.00–1.10) 0.038

Operative procedures
Cross clamp time (min) 1.00 (0.99–1.01) 0.694 1.00 (0.99–1.02) 0.894
Antegrade cardioplegia only 1.38 (0.43–4.36) 0.587 1.68 (0.27–10.58) 0.579
Full prosthetic ring (vs partial ring)a 3.04 (0.85–10.87) 0.087 7.39 (0.67–48.41) 0.067
Mitral valve replacement (vs mitral valve plasty)b 3.24 (0.58–18.04) 0.179 Unconvergedc

Postoperative antiarrhythmic medication
Beta-blocker 2.37 (0.69–8.15) 0.170 2.00 (0.35–11.35) 0.434
Amiodarone Unconvergedc Unconvergedc

Digitalis Unconvergedc Unconvergedc

Values in bold indicate statistically significant.
aMitral valve plasty, n¼ 118.
bMitral valve replacement, N¼ 8.
cCalculation was not possible because there were no events.
CI: confidential interval; LAD: left atrium diameter; LVDs: left ventricular end-systolic diameter; LVEF: left ventricular ejection fraction.

Figure 4: Patients’ follow-up chart. Relationship between persistent conduction disorder and postoperative atrial fibrillation. AVB: atrioventricular block; BBB: bundle 
branch block; OAC: oral anticoagulants; PAF: paroxysmal atrial fibrillation; POAF: postoperative atrial fibrillation
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anticoagulants. At 1 year postoperatively, the frequency of PAF 
requiring oral anticoagulant treatment was also significantly 
higher in patients with residual first-degree AVB (Fig. 4).

DISCUSSION

This study’s results contribute significantly to this field. First, 3D- 
TEE, a crucial examination in mitral valve surgery, was effective 
in diagnosing ‘lateral rotation’. Second, the 3D-TEE diagnosis was 
significantly correlated with the aortic root rotation angle mea
sured by preoperative cardiac CT, indicating that the 3D-TEE- 
based diagnosis is highly valid. Moreover, ‘lateral rotation’ and 
larger aortic root rotation angle were identified as a significant 
risk factor for first-degree AVB after mitral valve surgery. Finally, 
the cut-off value was defined as an aortic root rotation angle of 
�60�, with greater angles being diagnosed as lateral rotation, 
and the frequency of postoperative AVB increasing and persist
ing for more than 3 months, and the frequency of PAF was sig
nificantly higher in patients with residual AVB.

This study provides new information indicating that ‘lateral ro
tation’ and the associated aortic root rotation angle may be in
volved in first-degree AVB following mitral valve surgery. Aortic 
root rotation is now recognized as a variation in cardiac anat
omy [10–15]. In the context of aortic root surgery, potential ana
tomical changes around the aortic root have been discussed, 
with associated complications including intraoperative right 
atrial injury and tricuspid valve injury [11, 13]. Although ‘lateral 
rotation’ has been suggested to change the distance between 
the membranous septum and mitral annulus, potentially indicat
ing a change in the location of the conduction system [10, 14], 
few reports have examined a relationship to atrioventricular 
conduction disorders. We found that diagnosing ‘lateral rotation’ 
using 3D-TEE might be associated with postoperative conduc
tion disorders [17]. However, a major issue was the subjective 
nature of the echocardiographic diagnosis. To address this, we 
performed an objective evaluation using cardiac CT simulta
neously and demonstrated 3D-TEE’s diagnostic validity. This 
study first reported that the occurrence of first-degree AVB fol
lowing mitral valve surgery can be objectively predicted by the 
aortic root rotation angle calculated from preoperative CT. 
When either modality identifies a large aortic root rotation angle 
(‘lateral rotation’), the potential for first-degree AVB after mitral 
valve surgery should be considered.

In this study, all atrioventricular conduction disorders ob
served after mitral valve surgery were first-degree AVB, with no 
instances of severe AVB requiring permanent pacemaker im
plantation. Generally, almost all cases of AVB that occur after 
cardiac surgery are transient; however, those that persist beyond 
6–8 weeks postoperatively are considered irreversible [18]. This 
study revealed that no patient with residual first-degree AVB 3 
months postoperatively showed recovery to normal ECGs, sug
gesting that the condition was irreversible. The Framingham 
study identified first-degree AVB as an independent risk factor 
for atrial fibrillation, heart failure, permanent pacemaker implan
tation and mortality [19]. First-degree AVB occurring after car
diac surgery has been reported as a risk factor for pacemaker 
implantation [20, 21]. However, no specific reports address its 
impact, particularly after mitral valve surgery. The study found 
that patients with first-degree AVB persisting beyond 3 months 
had a higher frequency of PAF, suggesting first-degree AVB after 
mitral valve surgery may be a risk factor. Given the small number 

of events and lack of long-term follow-up data, further analysis 
is needed.

The question at hand is the identification of measures to pre
vent postoperative first-degree AVB in patients with ‘lateral rota
tion’ undergoing mitral valve surgery. It is paramount to ensure 
optimal mitral valve surgery in all cases, even in patients with 
anatomical variations. Risk analysis suggested that the use of full 
prosthetic rings, compared to partial rings, may be associated 
with an increased risk of developing first-degree AVB. Therefore, 
in patients diagnosed with high-risk anatomy, using a partial 
ring for annuloplasty may reduce the incidence of postoperative 
first-degree AVB, and it may also be important to avoid placing 
a deep suture around the medial trigone of the mitral annulus. 
Additionally, recent reports suggested that intraoperative con
duction mapping using fibre-optic confocal microscopy and 
electrophysiological mapping may help prevent conduction dis
orders during cardiac surgery [22, 23]. Considering that first- 
degree AVB following mitral valve surgery is a risk factor for the 
occurrence of PAF, left atrial appendage resection or closure, 
along with postoperative anticoagulants for stroke prevention, 
may become effective, even in patients maintaining sinus 
rhythm with the large aortic root rotation angle. Attention 
should focus on the occurrence of first-degree AVB, and long- 
term follow-up should be considered with the potential devel
opment of PAF. In this study, postoperative 3D-TEE and cardiac 
CT could not be performed to assess changes in the aortic root 
rotation angle after mitral prosthesis or ring implantation. 
Further investigations may still identify preventive methods by 
evaluating postoperative changes in aortic root anatomy using 
cardiac CT and 3D-TEE.

Limitations

This study has a few limitations. First, this was a single-centre, 
retrospective study with a small sample size. In this study, 
‘medial rotation’ was not observed because preoperative cardiac 
CT was not performed. Therefore, analysis of ‘medial rotation’ 
was not possible. Second, a lack of long-term follow-up data 
exists. Postoperative 3D-TEE and cardiac CT were not conducted 
to assess the change of aortic root rotation angle after mitral 
prosthesis or ring implantation. Further investigation may still re
veal preventive measures by evaluating cardiac CT and 3D-TEE 
for postoperative changes in aortic root anatomy. Third, the 
number of patients who underwent both ‘lateral rotation’ and 
postoperative AVB was limited, resulting in multivariable analysis 
not being possible due to the small number of events. Future 
multicentre prospective observational studies are needed to ex
plore the anatomical implications of aortic root rotation and 
postoperative AVB after mitral valve surgery. Nevertheless, a 
new diagnostic approach using cardiac CT validates a large aor
tic root rotation angle as a risk factor for AVB and its association 
with PAF, providing new insights into local anatomy.

CONCLUSION

The diagnosis of ‘lateral rotation’ in aortic root was clearly de
tectable using 3D-TEE, and its consistency with the aortic root 
rotation angle measured using cardiac CT confirmed the validity 
of this diagnostic approach. In cases of ‘lateral rotation’ with a 
large aortic root rotation angle, it may be important to avoid 
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placing a deep suture around the medial trigone of the mitral 
annulus, and the risk of first-degree AVB increases following mi
tral valve surgery, necessitating long-term careful monitoring for 
cardiac events, especially PAF.

SUPPLEMENTARY MATERIAL

Supplementary material is available at ICVTS online.

FUNDING

None declared.

CONFLICT OF INTEREST

None declared.

DATA AVAILABILITY

The authors declare that all data are available within the article.

ETHICS APPROVAL

Osaka University Hospital Clinical Research Ethics Committee 
approved this study and publication of data (approval number: 
23121(T6), approval date: 1 August 2023).

Author contributions

Kazuma Handa: Conceptualization; Data curation; Formal analysis; 
Investigation; Methodology; Visualization; Writing—original draft; Writing—re
view & editing. Masashi Kawamura: Conceptualization; Data curation; 
Investigation; Methodology; Supervision; Validation; Writing—original draft; 
Writing—review & editing. Daisuke Yoshioka: Supervision. Shunsuke Saito: 
Supervision. Takuji Kawamura: Supervision. Ai Kawamura: Supervision. 
Yusuke Misumi: Supervision. Sho Komukai: Formal analysis; Supervision; 
Validation. Tetsuhisa Kitamura: Formal analysis; Supervision; Validation. 
Shigeru Miyagawa: Supervision

Reviewer information

Interdisciplinary CardioVascular and Thoracic Surgery thanks Domenico 
Paparella, Leonardo Paim and the other, anonymous reviewer(s) for their 
contribution to the peer review process of this article.

REFERENCES

0[1] Iung B, Delgado V, Rosenhek R et al.; EORP VHD II Investigators. 
Contemporary presentation and management of valvular heart disease: 
the EURObservational Research Programme Valvular Heart Disease II 
Survey. Circulation 2019;140:1156–69.

0[2] Nkomo VT, Gardin JM, Skelton TN, Gottdiener JS, Scott CG, Enriquez- 
Sarano M. Burden of valvular heart diseases: a population-based study. 
Lancet 2006;368:1005–11.

0[3] Dziadzko V, Clavel M-A, Dziadzko M et al. Outcome and undertreatment 
of mitral regurgitation: a community cohort study. Lancet 2018;391:960–9.

0[4] Lazam S, Vanoverschelde J-L, Tribouilloy C et al.; MIDA (Mitral 
Regurgitation International Database) Investigators. Twenty-year out
come after mitral repair versus replacement for severe degenerative mi
tral regurgitation: analysis of a Large, Prospective, Multicenter, 
International Registry. Circulation 2017;135:410–22.

0[5] Silaschi M, Chaubey S, Aldalati O et al. Is mitral valve repair superior to mi
tral valve replacement in elderly patients? Comparison of short- and long- 
term outcomes in a propensity-matched cohort. J Am Heart Assoc 2016; 
5:e003605.

0[6] Uchino G, Murakami H, Mukohara N et al. Modes of the bioprosthetic 
valve failure of the porcine and pericardial valves in the mitral position. 
Eur J Cardiothorac Surg 2022;62:ezab506.

0[7] Carpentier AF, Adams DH, Filsoufi F. Reconstructive Valve Surgery Made 
Simple. Carpentier’s Reconstructive Valve Surgery: From Valve Analysis to 
Valve Reconstruction. Philadelphia, PA: Saunders Elsevier, 2010.

0[8] MacKay EJ, Zhang B, Augoustides JG, Groeneveld PW, Desai ND. 
Association of intraoperative transesophageal echocardiography and 
clinical outcomes after open cardiac valve or proximal aortic surgery. 
JAMA Netw Open 2022;5:e2147820.

0[9] Tsang W, Lang RM. Three-dimensional echocardiography is essential for 
intraoperative assessment of mitral regurgitation. Circulation 2013;128: 
643–52; discussion 652.

[10] Amofa D, Mori S, Toh H et al. The rotational position of the aortic root 
related to its underlying ventricular support. Clin Anat 2019;32:1107–17.

[11] Miazza J, Winkel D, Thieringer F et al. Aortic root rotation: morphologi
cal analysis of the aortic root with three-dimensional computed tomog
raphy. Eur J Cardiothorac Surg 2024;65:ezae040.

[12] Moradi M, Mirfasihi RS. Is there any association between aortic root ro
tation angle and aortic dissection? Indian J Thorac Cardiovasc Surg 
2020;36:181–5.

[13] Oishi K, Arai H, Oi K et al. The rotational position of the aortic valve: 
implications for valve-sparing aortic root replacement. Eur J 
Cardiothorac Surg 2022;62:ezac276.

[14] Saremi F, Cen S, Tayari N et al. A correlative study of aortic valve rota
tion angle and thoracic aortic sizes using ECG gated CT angiography. 
Eur J Radiol 2017;89:60–6.

[15] Tretter JT, Mori S, Anderson RH et al. Anatomical predictors of conduc
tion damage after transcatheter implantation of the aortic valve. Open 
Heart 2019;6:e000972.

[16] Surawicz B, Childers R, Deal BJ et al.; Heart Rhythm Society. AHA/ACCF/ 
HRS recommendations for the standardization and interpretation of the 
electrocardiogram: part III: intraventricular conduction disturbances: a 
scientific statement from the American Heart Association 
Electrocardiography and Arrhythmias Committee, Council on Clinical 
Cardiology; the American College of Cardiology Foundation; and the 
Heart Rhythm Society. Endorsed by the International Society for 
Computerized Electrocardiology. J Am Coll Cardiol 2009;53:976–81.

[17] Handa K, Kawamura M, Yoshioka D et al. Impact of the aortomitral po
sitional anatomy on atrioventricular conduction disorder following mi
tral valve surgery. J Am Heart Assoc 2024;13:e035826.

[18] Peretto G, Durante A, Limite LR, Cianflone D. Postoperative arrhythmias 
after cardiac surgery: incidence, risk factors, and therapeutic manage
ment. Cardiol Res Pract 2014;2014:615987.

[19] Cheng S, Keyes MJ, Larson MG et al. Long-term outcomes in individuals 
with prolonged PR interval or first-degree atrioventricular block. JAMA 
2009;301:2571–7.

[20] Farina J, Biffi M, Folesani G et al. Long-term atrioventricular block following 
valve surgery: electrocardiographic and surgical predictors. J Clin Med 
2024;13:538.

[21] Koplan BA, Stevenson WG, Epstein LM, Aranki SF, Maisel WH. 
Development and validation of a simple risk score to predict the need 
for permanent pacing after cardiac valve surgery. J Am Coll Cardiol 
2003;41:795–801.

[22] Kaza AK, Mondal A, Piekarski B, Sachse FB, Hitchcock R. Intraoperative 
localization of cardiac conduction tissue regions using real-time fibre- 
optic confocal microscopy: first in human trial. Eur J Cardiothorac Surg 
2020;58:261–8.

[23] Feins EN, O’Leary ET, Davee J et al. Conduction mapping during com
plex congenital heart surgery: creating a predictive model of conduction 
anatomy. J Thorac Cardiovasc Surg 2023;165:1618–28.

8 K. Handa et al. / Interdisciplinary CardioVascular and Thoracic Surgery 

https://academic.oup.com/icvts/article-lookup/doi/10.1093/icvts/ivaf046#supplementary-data


© The Author(s) 2025. Published by Oxford University Press on behalf of the European Association for Cardio-Thoracic Surgery.
This is an Open Access article distributed under the terms of the Creative Commons Attribution-NonCommercial License (https://creativecommons.org/licenses/by-nc/4.0/), 
which permits non-commercial re-use, distribution, and reproduction in any medium, provided the original work is properly cited. For commercial re-use, please contact 
reprints@oup.com for reprints and translation rights for reprints. All other permissions can be obtained through our RightsLink service via the Permissions link on the article 
page on our site—for further information please contact journals.permissions@oup.com.
Interdisciplinary CardioVascular and Thoracic Surgery, 2025, 40, 1–8
https://doi.org/10.1093/icvts/ivaf046
Original article


	Active Content List
	INTRODUCTION
	MATERIALS AND METHODS
	RESULTS
	DISCUSSION
	CONCLUSION
	SUPPLEMENTARY MATERIAL
	FUNDING
	CONFLICT OF INTEREST
	DATA AVAILABILITY
	ETHICS APPROVAL
	Author contributions
	Reviewer information
	REFERENCES


