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Editorial on the Research Topic
Case reports in heart surgery: 2023

I would like to state from the beginning that I am sincerely grateful to the Editors-in-Chief of
Frontiers in Cardiovascular Medicine and Frontiers in Surgery for having asked me to
coordinate the 2023 collection of “Cases Reports in Heart Surgery”. I would also like to
thank all the members of the Editorial Offices of the two valuable scientific Journals for
having supported me at every moment of this experience. I hope I have been up to my task.

The objective of the present collection was to feature unique cases of patients that
present with an unexpected diagnosis, treatment outcome, or clinical course. Only
original Case Reports that significantly will advance the cardiac surgical field—at least
in my opinion and that of the Reviewers who collaborated step by step with me in the
manuscript review process—have been considered. Rare cases with typical features,
frequent cases with atypical features, as well as cases with a convincing response to new
treatments, were included in the present Research Topic.

The collection consists of 14 articles written by a total of 88 Authors from six countries
(Canada, China, Germany, Iran, Spain and Switzerland) on three different continents. To
date there have already been almost 13,000 total views.

Personally, I am particularly fond of the Case Reports sections of surgical Journals
because they often include interesting and innovative contributions. The clinical
presentation, diagnostic process and effective surgical treatment of rare conditions offer
the reader stimulating food for thought. Sometimes there are reported cases of failure
but of great educational value. However, Case Reports sections are increasingly rare
nowadays in scientific Journals where more value is placed on large-scale studies such
as multicenter studies, randomized controlled trials or meta-analyses. For all these
reasons, and to give clear objectives and more relevance to Case Reports sections,
Frontiers has introduced these regular collections of original surgical cases. I think this
editorial initiative is worthy and, personally, I am flattered by the invitation to
coordinate it. Both for Heart Surgery and Interventional Cardiology, the most advanced
frontiers of the disciplines are often glimpsed by analyzing Case Reports!

Very current issues are addressed in the present collection. These issues can be
summarized as follows:

- The growing importance of minimally invasive surgery and interventional techniques
and technologies (1, 3, 5, 14), and of their complications [1, 3, 14];
- The essential need to carefully plan the surgical strategy before operation [1, 6, 8, 12];
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- The essential need of a multimodal imaging for complex lesions
(1, 3,6, 78,10, 12, 13];
- The need to develop specific surgical techniques for the

I synthesized the main message of each contribution to the
present collection in Table 1.

To conclude, I would like to sincerely thank all the
treatment of infective endocarditis [11]; valuable Reviewers and Co-editors who helped me in my
- The unusual presentations of “usual” lesions or complications

following traditional heart surgery [2, 4, 7, 9, 10, 12, 13].

task. I have certainly learned a lot from them throughout
this experience.

TABLE 1 Case reports in heart surgery 20232,

First
author

Total views
at 14
November
2024

Publication
date

Main message

Key words

Frontiers in Cardiovascular Medicine

1. | Caneiro- Left ventricular outflow | Aug 21, 2024 doi.org/10.3389/ 856 Successful management using medical Alcohol septal
Queija et al. | tract obstruction after fcvm.2024.1431639 treatment and alcohol septal ablation of ablation; LVOT
transcatheter mitral LVOT obstruction following TMVR. obstruction;
valve replacement: a Authors discuss about this event and the TMVR
case report with a strategies to prevent and manage the
multifaceted approach condition.

2. | Wanget al. | Case Report: Left atrial | Aug 5, 2024 doi.org/10.3389/ 812 A successful TEE-guided surgical treatment | LA dissection; MV
dissection after mitral fcvm.2024.1413713 of LA dissection following MV surgery. replacement; TEE
valve replacement: Indications and timing of surgery are
intraoperative discussed by the Authors.
management under
TEE guidance

3. | Pommert TMVR after TA- May 20, 2024 doi.org/10.3389/ 1,032 A successful TMVR for mitral regurgitation | Cardiac

et al. TAVR: a re-redo fcvm.2024.1373840 early after transcatheter mitral valve repair in | reoperation;
surgery—case report a patient undergone previously to two CT imaging;
cardiac operations, TA-TAVR and CABG. | LVOT; TA-TAVR;
The Authors emphasize the role of CT TMVR
imaging in predicting both interaction
between the prosthetic valves, and anatomy
of the neo-LVOT.

4. | Sharifkazemi | Retrosternal hematoma | May 20, 2024 doi.org/10.3389/ 816 The Authors analyze a case of malignant Arrhythmia;

et al. causing torsade de fcvm.2024.1331873 arrhythmia refractory to medical treatment | CABG;
pointes after coronary and due to a post-CABG retrosternal Retrosternal
artery bypass graft hematoma. hematoma
surgery; a case report

5. | Wang et al. | Case Report: Totally Feb 26, 2024 doi.org/10.3389/ 1,445 A nice series of pregnant women with MV | MV surgery;
endoscopic minimally fcvm.2024.1300508 diseases were successful treated using a Minimally invasive
invasive mitral valve totally endoscopic approach. surgery;
surgery during Pregnancy;
pregnancy: a case series

6. | Khorgami Missile embolism from | Feb 23, 2024 doi.org/10.3389/ 969 Successful removal of a bullet, which was Bullet; Embolism;

et al. pulmonary vein to left fcvm.2024.1342146 embolized from the pulmonary veins into | Pediatric cardiac
ventricle: report of a the left ventricle of a child is reported. surgery
case

7. | Xiao et al. Case Report: Giant left | Feb 14, 2024 doi.org/10.3389/ 1,816 Successful surgical removal of a rare case of | Cystic myxoma;
atrial cystic tumor: fcvm.2024.1323890 giant LA cystic myxoma. Blood cyst; LA
myxoma or
intracardiac blood
cyst?

8. | Buech et al. | Case Report: Incidental | Feb 6, 2024 doi.org/10.3389/ 857 Perioperative management of IVC atresia IVC atresia;
finding of an atresia of fcvm.2024.1321685 during cardiopulmonary bypass. Cannulation
the inferior vena cava Preoperative diagnostics and intraoperative | strategies;

—a challenge for cannulation strategies to optimize venous Cardiopulmonary
cardiac surgery drainage. bypass

9. | Tang et al. Case Report: Acute Jan 12, 2024 doi.org/10.3389/ 1,218 Insights from a rare case of ischemic stroke | Ischemic stroke;
cerebral infarction fcvm.2023.1316063 due to left atrial and right ventricular Multiple cardiac
caused by left atrial multiple cardiac myxoma. myxoma
and right ventricular
myxoma received
emergency operation

(Continued)
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TABLE 1 Continued

Total views
at 14
November
2024

Publication
date

Main message

Key words

10. | Wu et al. Case Report: Surgical | Dec 20, 2023 doi.org/10.3389/ 1,885 Following the treatment of a patient with Flow chart;
management of fcvm.2023.1331982 idiopathic pulmonary aneurysm, and by Idiopathic
idiopathic pulmonary reviewing most of recent surgical strategies, | pulmonary
aneurysms and review the Authors have developed an original aneurysm; Surgical
surgical approaches treatment flow chart for this challenging strategies

disease.

The flowchart, which serves as a guide for
the management of idiopathic pulmonary
aneurysm, offers valuable insights and
evidence-based recommendations.

A special issue is the optimal approach for
addressing the main pulmonary artery, its
branches, and the pulmonary valve.

11. | Chu et al. Case Report: Nov 28, 2023 doi.org/10.3389/ 913 A complex mitral valve repair using a patch | Autologous
Pericardial patch repair fcvm.2023.1239019 of autologous pericardium was performed to | pericardium; MV
of mitral annulus and treat a rare case of left atrial dissection due to | repair; Parasitic
mitral valve for a left parasitic infectious endocarditis. infective
atrial dissection caused endocarditis
by parasitic infective
endocarditis

12. | Jolou et al. Case Report: Right Nov 9, 2023 doi.org/10.3389/ 1,773 An organized thrombus attached to the Cardiac
atrial mass arising fcvm.2023.1268918 Eustachian valve and Chiari network was thrombosis; Chiari
from the Eustachian found 18 months after a cardiac operation. | network;
valve After performing an interesting discussion | Eustachian valve;

on the possible etiology of the mass, the Surgical re-
Authors emphasize the need, in this case, of | exploration
a surgical re-exploration to perform

diagnosis.

13. | Zhou et al. Case Report: Nov 8, 2023 doi.org/10.3389/ 1,139 The Authors present an interesting case of | Bicuspid aortic
Myocardial dissection fcvm.2023.1289624 myocardial dissection due to rupture of a | valve; Multimodal
caused by ruptured Valsalva sinus aneurysm. imaging;
sinus of Valsalva The presence of a bicuspid aortic valve may | Myocardial
aneurysm in be a predisposing factor, as well as favor dissection; Sinus of
association with a suspicion and early detection using Valsalva rupture
bicuspid aortic valve multimodal imaging.

14 | Wang et al. | Case report: Oct 10, 2023 doi.org/10.3389/ 1,769 The Authors review a case of successful Percutaneous LA
pulmonary artery fcvm.2023.1218582 rescue surgery for pulmonary artery appendage closure;
perforation during perforation during percutaneous LA Pulmonary artery
transseptal puncture appendage closure. perforation; Rescue
for left atrial The causal mechanisms, clinical presentation | cardiac surgery
appendage closure and all possible management strategies are
requires emergency carefully discussed.
cardiac operation

CABG, coronary artery bypass grafting; CT, computed tomography; DOI, digital object identifier; IVC, inferior vena cava; TA-TAVR, transapical transcatheter aortic valve replacement; TEE,
transesophageal echocardiography; TMVR, transcatheter mitral valve replacement; LA, left atrial/atrium; LVOT, left ventricular outflow tract.
“Case Reports are reported according to decrescent publication date.
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Case report: pulmonary artery
perforation during transseptal
puncture for left atrial appendage
closure requires emergency
cardiac operation

Yue Wang'?, Beibei Song®, Bing Liu’, Hui Zhang®, Chenglong Bi’,
Wenhao Liu**, Gang Ma** and Bo Li**

Department of Clinical Medicine, Shandong First Medical University (Shandong Academy of Medical
Sciences), Jinan, China, 2Department of Cardiology, Zibo Central Hospital, Zibo, China, *Department of
Cardiovascular Surgery, Zibo Central Hospital, Zibo, China, *Zibo Central Hospital, Binzhou Medical
University, Zibo, China

Patients with atrial fibrillation who take a high bleeding risk and are not candidates for
oral anticoagulation therapy are increasingly being referred for left atrial appendage
closure (LAAC) as an alternative method of stroke prevention. However, certain
manipulations performed during the LAAC procedure, such as transseptal puncture
(TSP), may potentially result in vessel injury and lead to cardiac tamponade or even
fatality. Clinical significance and management strategies associated with these
complications remain controversial. A 74-year-old female patient with atrial
fibrillation was referred for left atrial appendage occlusion. During the puncture of
the atrial septum, the catheter sheath inadvertently exited through the roof of the
right atrium and continued to advance, resulting in pulmonary artery perforation.
The patient underwent immediate pericardiocentesis and drainage, followed by
surgical exploration for suturing the tear in the pulmonary artery and ligation of the
left atrial appendage. This represents the first reported case of a pulmonary artery
perforation occurring during a transseptal puncture procedure for left atrial
appendage closure. The case exemplifies the feasibility of emergency cardiac
surgery as a therapeutic intervention.

KEYWORDS

left atrial appendage closure, transseptal puncture, pulmonary artery perforation, cardiac
tamponade, case report

Introduction

In recent years, advancements in electrophysiology and structural cardiac interventions
have propelled the growing demand for transseptal procedures, primarily encompassing
radiofrequency ablation, left atrial appendage closure, and mitral valve repair (1, 2). Left
atrial appendage closure is currently an effective treatment for preventing ischemic stroke
in patients with non-valvular atrial fibrillation and a high risk of bleeding and embolism,
particularly those who cannot take oral anticoagulants due to contraindications or have a
CHADS?2 score of 2 or higher (3, 4). The manipulation during LAAC, however, has been
associated with potentially serious complications including pericardial effusion, air
embolization, device embolization, vascular lesions near the heart, ischemic stroke, and
even death (5, 6). Physicians must possess a thorough comprehension of relevant
complications and adeptly master their corresponding countermeasures. We present a

8 frontiersin.org
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Wang et al.

novel case of inadvertent pulmonary artery perforation during
transseptal puncture in the context of proposed left atrial
appendage occlusion, which was subsequently resolved through
surgical suturing of the ruptured vessel and ligation of the left
atrial appendage.

Case presentation

A 74-year-old female, was diagnosed with paroxysmal atrial
fibrillation.  Past
atherosclerotic heart disease, thrombosis in the left upper limb

medical  history included coronary

artery, heart failure, hypertension, ischemic cerebrovascular
disease, and surgically treated endometrial cancer. Following
coronary stent implantation and left upper extremity artery
thrombectomy procedures, the received

patient regular

10.3389/fcvm.2023.1218582

treatment with standard-dose oral Aspirin, Clopidogrel sulfate,
Pitavastine, Sacubitril-valsartan, Nifedipine, and Metoprolol.
The patient presented with a CHA2DS2-VASC score of 7 and
a HAS-BLED score of 3, clearly indicating the necessity for left
atrial appendage closure. Considering the potential risks

associated ~ with  long-term  anticoagulation  therapy,
percutaneous LAAC is performed for secondary stroke
prevention.

Preoperative left atrial CT angiography showed that the left
atrial appendage was complex with a large branch, while no
evident filling defect was observed in both the left atrial
appendage and left atrium. No diverticulum or accessory atrial
appendage was observed in the left atrium (Figure 1). Laboratory
tests on the morning of surgery revealed a hemoglobin count of
117 g/L, a platelet count of 115x 10”", and an international
normalized ratio (INR) of 0.96.

FIGURE 1

Preoperative cardiac CT angiography reveals a complex left atrial appendage with a large branch, no clear filling defect in the left atrial appendage and left
atrium, and no diverticulum and accessory atrial appendage was identified in the left atrium (A) the cross-sectional image of the LAA orifice (B) the long
diameter was about 2.4 cm, the short was about 2.2 cm. Oblique view (C) the maximum depth of the left atrial appendage branch was about 4.2 cm.

Pericardial effusion.

OLOLAOOCRA

73008050

Frontiers in Cardiovascular Medicine

frontiersin.org


https://doi.org/10.3389/fcvm.2023.1218582
https://www.frontiersin.org/journals/cardiovascular-medicine
https://www.frontiersin.org/

Wang et al.

The procedure was performed under digital subtraction
angiography (DSA) guidance, with puncture of the right femoral vein,
placement of a 6F sheath, and transseptal puncture using a catheter in
the conventional manner. Afterwards, we promptly advanced the
transseptal sheath and encountered difficulty in accessing the left
superior pulmonary vein with the guidewire, while contrast injection
indicated visualization of the pulmonary artery (Figure 2).

Patient experienced a sudden onset of hypotension and
tachycardia, the
inadvertent insertion of the delivery tube sheath into the

intraoperative  echocardiography revealed

pulmonary artery, accompanied by a pericardial effusion
measuring 17 mm. The ultrasound intervention department was
promptly contacted for pericardiocentesis and drainage, while
norepinephrine and dopamine were administered to augment
blood pressure. Following active therapeutic interventions,
hemodynamic stability was achieved in the patient.

Cardiac surgery team was consulted to perform surgical
exploration in order to identify and suture the tear. A median
sternotomy was performed under general anesthesia, and the
pericardium was opened to locate the source of bleeding, revealing a
subepicardial hematoma in the right atrioventricular groove.
Exploration was initiated subsequent to the establishment of
cardiopulmonary bypass, revealing that the delivery tube sheath had
entered through the superior aspect of the right atrium and
traversed through the posterior wall of the right pulmonary artery
into the main pulmonary artery (Figure 3). The lacerations of the
right atrium and pulmonary artery were repaired using 4-0 prolene
sutures, followed by removal of the delivery tube sheath.
Subsequently, the left atrial appendage was ligated with double 10-
gauge sutures. However, there was still persistent bleeding from the
pulmonary artery tear. The main pulmonary artery was dissected
under cardiopulmonary bypass, revealing a right posterior wall tear
upon exploration from within the pulmonary artery. The gasket
from the pulmonary artery suture rupture is reinforced with a 4-0

FIGURE 2
Angiography shows brisk contrast extravasation into the pulmonary
artery space.

10.3389/fcvm.2023.1218582

prolene line. The pulmonary artery incision is sutured with a 4-0
prolene line. Hemostasis is achieved by reinforcing the ruptured area
of the pulmonary artery with a 4-0 prolene line. After thorough
examination of the right atrial wall and pulmonary artery, the
cardiopulmonary bypass machine was ceased upon confirming
absence of any bleeding. Protamine was administered to neutralize
the effects of heparin, followed by placement of pericardial and
mediastinal drainage tubes The
procedure was subsequently concluded in a conventional manner,

post achieving hemostasis.

with an intraoperative blood loss of approximately 600 ml.

Patient was transferred back to the intensive care unit for a day
of close monitoring. On the second postoperative day, she returned
to the cardiovascular surgery department and initiated anticoagulant
therapy with low molecular weight heparin (LVMH). Two days later,
she was transferred back to the cardiology department with a gradual
reduction in pericardial and mediastinal drainage and discharged on
postoperative day 25. Dual antiplatelet therapy with Indobufen and
Clopidogrel bisulfate was regularly applied outside the hospital. After
seven days, the patient returned to the outpatient clinic exhibiting no
subjective symptoms and normalization of N-terminal pro-B-type
natriuretic peptide levels (Table 1).

Discussion

Left atrial appendage closure has proven to be an effective
alternative treatment to long-term oral anticoagulation for stroke
prevention in patients with nonvalvular atrial fibrillation (3, 4).
The advancement of interventional therapy relying on left heart
access has propelled transseptal puncture to attain a highly
standardized procedure (1, 2). Although transseptal puncture has
an excellent safety profile, complications including cardiac
perforation and tamponade, persistent atrial septal defect,

thrombosis and embolism cannot be avoided (1, 2). Cardiac

FIGURE 3

Intraoperative view reveals the pulmonary artery perforation caused by
mispiercing of the delivery tube sheath. The grey arrows indicate the
exit point of the delivery sheath from the roof of the right atrium,
while the white arrows indicate its entry into the main pulmonary
artery. PA, pulmonary artery; RA, right atrium.
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TABLE 1

10.3389/fcvm.2023.1218582

Timeline of events related to the patient’s current procedure.

Baseline | Coronary atherosclerotic heart disease, thrombosis of the left upper limb artery, congestive heart failure, hypertension, ischemic cerebrovascular disease, endometrial
cancer, contraindication for long-term anticoagulation.

Day 0 | LAAC was performed under the guidance of DSA, angiography after atrial septal puncture showed pulmonary artery visualization.
Urgent echocardiography revealed that the delivery tube sheath had inadvertently entered the pulmonary artery, triggering a pericardial effusion. Pericardiocentesis
and drainage were performed and vasopressor drugs were given to maintain hemodynamic stability
Surgical exploration revealed the inadvertent puncture of the superior aspect of the right atrium by the birth sheath, which subsequently extended into the right
posterior and main pulmonary arteries. The right atrium and pulmonary artery were repaired and sutured, while concurrently ligating the left atrial appendage.
Pericardial and mediastinal drains were inserted for postoperative management.

Day 1 | Treatment was continued in the ward, with the gradual reduction of pericardial effusion.

Day 25 | Hospital discharge (Indobufen and Clopidogrel).

Day 32 | Asymptomatic.

tamponade is a relatively common and highly lethal complication
that can occur during transseptal puncture, with an overall
incidence of approximately 1% (7). The underlying cause is
perforation due to inadvertent advancement of the needle or
sheath into the free atrial wall or adjacent vessels during
transseptal puncture.

The operation of DSA-guided TSP is relatively straightforward
and safe, but anatomical abnormalities may obscure the exact
position of the needle or even mislead to the wrong puncture
point. Therefore, it is crucial to evaluate the patient’s left atrial
appendage condition and anatomical morphology prior to
surgery. Transesophageal echocardiography (TEE) enables clear
of LAA
of basal diameter

determination thrombus  presence, well

and depth, providing a

as as
measurement
foundation for the operator in selecting the appropriate occluder
model. Cardiac CT angiography (CCTA)enables objective and
accurate assessment of the left atrial appendage’s shape,
lobulation, and orifice parameters in the lateral aspect, providing
a more comprehensive basis for determining the need for left
The utilization of these two

atrial appendage occlusion.

methods enables the execution of multiplanar imaging and

three-dimensional reconstruction, thereby establishing a solid
foundation for medical professionals to formulate treatment
plans and assess potential risks. Additionally, cardiac magnetic
resonance imaging (CMR) can also offer high-quality multiplanar
images. For patients with contraindications or intolerance to TEE,
intracardiac echocardiography (ICE) can serve as an alternative
method for obtaining high-quality multiplanar images (8).

Previous cases have shown that pulmonary artery injury is the most
common type of collateral vessel injury during left atrial appendage
occlusion (9) which mostly occurs during LAA  occluder
implantation. The stabilization hook of ACP/Aamulet, the metal strut
of Watchma (9, 10) or the LAmbre device (11) can result in
pulmonary artery perforation. It often manifests as cardiac
tamponade with hemodynamic failure, which can lead to death in
severe cases (9). In the present case, we describe for the first time a
pulmonary artery perforation that occurred during transseptal
puncture. The mechanism of injury in this case may be that the atrial
septal puncture point was too high, the delivery sheath accidentally
penetrated the top of the right atrium and moved forward along the
transverse pericardial sinus, leading to pulmonary artery perforation,
which subsequently triggered cardiac tamponade (Figure 4).

FIGURE 4

punctures the main pulmonary artery leading to perforation.

Schematic indicates that the delivery tube sheath enters the right atrium through the inferior vena cava, exits from the roof of the right atrium and
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Several cases have been reported in which a percutaneous occluder
was utilized to block aortic or cardiac perforations (12, 7) during
transseptal puncture. However, as cardiac tamponade can be life-
threatening, emergency pericardiocentesis or surgical intervention
appears to be the most promising therapeutic option to close the
atrial leak (7). For hemodynamically unstable acute pericardial
tamponade, ultrasound-guided pericardiocentesis and drainage
should be performed first (1, 2). The accumulated blood can be
withdrawn and observed if the bleeding volume is minimal and the
bleeding rate is slow. The pigtail catheter can be inserted for
continuous pericardial drainage in cases of significant and rapid
bleeding. To avoid the fatal consequences of active bleeding, it is
imperative to promptly request cardiac surgical intervention while
ensuring continuous drainage. Fenestrated drainage and cardiac
rupture sutures are crucial and effective treatments that should be
performed urgently.

Combined with previous literature recommendations, when we
encountered complications of pulmonary artery perforation,
emergency cardiac decompression was performed immediately,
followed by surgical suturing of the ruptured artery and ligation
of the left atrial appendage in order to avoid active bleeding.
Postoperative follow-up showed that the patient recovered well,
which confirmed that surgical repair was an effective treatment.

Conclusion

Pulmonary artery perforation is a rare but critical complication
associated with left atrial appendage closure, which may occur during
transseptal puncture. Clinicians should maintain vigilance for
uncommon complications and actively enhance preoperative
assessment in order to decrease the occurrence of complications. In
the event of such complications, emergency surgical exploration and

ligation of the left atrial appendage represent a feasible treatment option.

Patient perspective

“Although a rare complication occurred and the left atrial
appendage closure was not successfully completed, I was
fortunate to undergo timely surgical intervention, ensuring my
safety. I express my gratitude to the medical staff for their
exceptional treatment. I hope that my experience can serve as a
valuable reference for similar cases”.
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Case Report: Myocardial dissection
caused by ruptured sinus of
Valsalva aneurysm in association
with a bicuspid aortic valve
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In this report, we present a case of left-right sinus fusion in a Ruptured sinus of
Valsalva aneurysm (RSVA) that perforated into the myocardium, giving rise to
myocardial dissection. The existence of an anomalous bicuspid aortic valve
(BAV) is contemplated as a potential etiological element in this context.
Employing multimodal imaging modalities, encompassing transthoracic
echocardiography and computed tomography (CT), facilitated the visualization
of a dissecting hematoma situated within the myocardium subsequent to the
RSVA. Following this, our patient underwent an Cabrol surgical intervention,
received patch repair, and underwent mitral valve annuloplasty, during which a
three-year period transpired without the occurrence of any deleterious cardiac
events. In summary, this report establishes the cornerstone for the surgical
intervention of RSVA, shedding light on the efficacious handling of RSVA-
associated myocardial dissection. It posits that the presence of a BAV may serve
as a predisposing factor to RSVA rupture, potentially elevating the susceptibility
to myocardial dissection. The utilization of diverse multimodal imaging
methodologies played an indispensable role in the detection of a hematoma
within the myocardial tissue subsequent to the RSVA rupture. The uneventful
three-year postoperative follow-up of the patient underscores the efficacy of
the undertaken interventions.

KEYWORDS

sinus of Valsalva aneurysm, bicuspid aortic valve, myocardial dissection, echocardiogram,
computed tomography

1. Introduction

Sinus of Valsalva aneurysm (SVA) is a rare cardiac anomaly, with an incidence of
approximately 0.09% (1). This is primarily attributed to structural defects existing
between the aortic media and fibrous ring (2). RSVA is an uncommon complication of
SVA that may rupture into the cardiac chamber or the pericardial cavity, but seldom
involves myocardial tearing. Patients with a bicuspid aortic valve, characterized by a two-
leaflet aortic valve anomaly, often exhibit an increased risk of ascending aortic dilation
due to alterations in blood flow patterns. Existing literature suggests (3) a connection
between the BAV and the development of SVA. This implies that BAV may serve as a
risk factor for RSVA and could potentially be associated with the interventricular septal
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and myocardial intramural hematoma following SVA rupture. This ~ approximately 1.4 cm, and the morphology of the aneurysm was
case presents an instance of BAV anomaly and RSVA, resulting in  irregular, with localized pushing on the left coronary artery
an interventricular and intramural myocardial hematoma. (Figure 2).
After multidisciplinary consultation, the patient was diagnosed
with a bicuspid aortic valve anomaly combined with a ruptured
2. Case re po rt sinus of Valsalva and intramural hematoma within the
interventricular septum, the basal segment of the left ventricular
A 60-year-old Chinese male presented with upper abdominal ~ anterior wall, and the anterior lateral wall. Because of the
pain accompanied by dizziness and palpitations for 2 days. The patient’s preexisting valve condition, we also noted the presence
patient’s heart function was classified as NYHA functional class ~0f moderate mitral valve regurgitation and tricuspid valve
IV, and vital signs and blood biochemistry tests showed no  regurgitation. During our surgical exploration, we observed the
critical indicators. Transthoracic echocardiography (TTE)  formation of a partial thrombus within the heart.
revealed a myocardial dissection with a pouch-like protrusion After obtaining the patient’s informed consent, surgical
into the right ventricle, interrupted wall echo in the septum and  intervention was initiated. The procedure commenced with a
the basal segment of the left ventricular anterior wall, with an  midline sternotomy, revealing a dilated ascending aortic
adherent hyperechoic structure within (Figure 1). A dual-source aneurysm upon opening the pericardium. Notable flutter was
CT scan shows the diameter of the ascending aorta to be observed in the pulmonary artery and the conus of the right
approximately 4.8 cm. There was a BAV and fusion of the left ~ ventricle. Aortic and bicaval cannulation was performed to
and right aortic sinuses, with an outward protrusion forming a  initiate extracorporeal circulation. Intraoperative exploration
cavity in the anterior aortic sinus. Myocardial dissection revealed left ventricular enlargement, bicuspid aortic valve
formation, likely due to rupture of the anterior aortic sinus, was  deformity ~ with  anterior-posterior  orientation, leaflet
suspected. The neck of the aneurysm had a diameter of thickening, and calcification. A longitudinal tear of

Dist 4.79 cm
Dist 523 cm

Dist 0.807 cm

FIGURE 1

Two-dimensional transthoracic echocardiographic images (A) long-axis view of the left ventricle showing echo interruption, no echo in the
interventricular septum.(white arrow) (B) the short-axis cross-sectional view of the aorta demonstrates a bicuspid aortic valve anomaly. (white arrow)
(C) the non-standard pentachamber cardiac section reveals mitral valve eccentric regurgitation. (D) The three-chamber cardiac cross-section reveals
the dimension of the orifice. LA, left atrium; LV, left ventricle; MD, Myocardial dissection
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FIGURE 2
Axial position, contrast-enhanced CT imaging reveals the maximum aperture of the sinus of Valsalva aneurysm to be 2.4 cm (black arrow). The myocardial
dissection originates from the fused left and right coronary sinuses (asterisk). A bicuspid aortic valve anomaly is evident, with valve leaflet thickening and
calcification (white arrow) (C—F) multiPlanar Reconstruction (MPR) exhibits irregular MD, fusion of the left and right coronary sinuses (black arrow), and
high-density opacities within the ventricular wall and interventricular septum (white arrow). LA, left atrium; LV, left ventricle; RA, right atrium; RV, right
ventricle; AO, Aortic; MD, Myocardial dissection; BAV, bicuspid aortic valve.

approximately 2 cm was evident in the aortic sinus, extending all
the way to the interventricular septum and the posterior wall of
the left ventricle, accompanied by the formation of an
intracavitary thrombus (Figure 3). Following the exploration,
repairs of the aortic sinus, the Cabrol procedure, and
annuloplasty of the aortic valve were performed. We utilized a
21 mm mechanical valve prosthesis for the aortic valve
replacement and completed interrupted sutures along the
aortic annulus. Subsequently, aortic replacement was carried
out using dacron tube, and approximately 0.7 cm of prosthetic
material was employed for indirect coronary reimplantation
in the Cabrol
echocardiography revealed no significant regurgitation, and

procedure. Subsequent transesophageal
myocardial function was within the normal range. Closure of
the atrial septum and the right atrium was performed. Partial
pericardial closure was meticulously carried out to ensure
hemostasis, followed by chest closure.

Postoperatively, the patient experienced a smooth recovery,
with normal mechanical valve opening and closing sounds. CT
scans revealed a satisfactory anastomosis of the aorta and
coronary arteries, while transthoracic echocardiography
(TTE) indicated a significant improvement in left ventricular
ejection fraction and anterior wall motion (Figure 4). During
a three-year follow-up, the patient’s outcome remained

favorable.
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3. Discussion

SVA is an uncommon cardiac anomaly. According to a series
of postmortem examinations (1), the incidence rate of SVA is
recorded at 0.09%, with a gender ratio of 3:1 (4, 5). SVA
predominantly manifests among individuals aged 30 to 45, with
a heightened prevalence among individuals of Asian descent (6).
The embryonic basis of SVA is linked to impaired development
of the far basal part of the membranous interventricular septum.
It often involves the right coronary sinus, followed by the
contiguous two-thirds of the non-coronary sinus. In instances of
SVA rupture, the most common occurrence is rupture into the
right ventricle, followed by the right atrium (7). There exists a
mere 2% likelihood of penetration into the interventricular
septum and the ventricular myocardium (5). In this specific case,
the
interventricular septum and the left ventricular myocardium due

an Asian patient experienced SVA rupture into
to the fusion of the left and right coronary sinuses caused by BAV.

This
congenital bicuspid aortic valve and its aortopathy recognizes Fused
type, 2-sinus type with 2 phenotypes and Partial-fusion or forme

fruste (8). In this particular case, the patient presented with L-R

International evidence-based nomenclature on the

type. BAV is associated with genetic mutations involving GATA5,
NOTCH1, ACTA2, and others (9). Patients with BAV may
experience fusion of the aortic sinuses, resulting in altered blood
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FIGURE 3

(A) The heart's presentation reveals evident edema. (B) BAV (white arrow) is discernible, accompanied by numerous calcifications on the valve leaflets.
Additionally, we observe the occurrence of a sinus aneurysm rupture (asterisk), concomitant with an intraluminal thrombus.

5.50 cm

FIGURE 4
After repairing the rupture of the aortic sinus, the myocardial dissection
resolved, and the anatomical structure returned to its normal state.

flow patterns that often lead to vascular wall stress overload. This, in
turn, can lead to the loss of vascular smooth muscle cells, reduced
fibrous protein content, elastic fiber rupture, and matrix disruption
(10). Consequently, it could potentially increase the risk of SVA
rupture and exacerbate the extent of involvement following SVA
rupture. Our patient is afflicted with BAV, which renders the aortic
wall vulnerable. When the SVA abruptly ruptures, the force of
blood flow creates openings in the vessels and gives rise to
interventricular septal defects and blood shunting. As blood
continues to impact the vessel walls and endocardium, it gradually
forms an intramural hematoma between the interventricular
septum and the ventricular myocardium.
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In a recent comprehensive review, it was determined that
approximately 50% of RSVA patients manifest respiratory distress,
followed by chest pain (18%). Symptoms such as palpitations,
syncope, vomiting, and fever were also noted (3, 11). In this
particular case, the patient presented solely with symptoms of
10%
asymptomatic (11). Without prompt intervention, nearly 80% of

chest pain. Interestingly, nearly of patients remain
cases may progress to heart failure and sudden death, leading to a
bleak prognosis for affected individuals. Hence, accurate diagnosis
and timely treatment are of paramount significance.

In general,

sensitivity to both vascular walls and myocardium. Within the

echocardiography demonstrates exceptional

ultrasound examination, our patient’s presentation was
characterized by an aortic sinus that protruded into the right
ventricle, displaying an interrupted wall echo. Notably, there is
an anomalous echo-free region in the basal segment of the
interventricular septum and the left ventricular anterior wall.
This manifestation signifies the rupture of the sinus aneurysm,
resulting in the tearing of the corresponding interventricular
septum and myocardium.

CT imaging revealed a bicuspid valve in an L-R cusp fusion in
this patient, with multiple calcifications on the leaflets. The
merging of the left and right coronary sinuses forms a pouch-like
structure. An irregularly shaped high-density shadow appears on
the interventricular septum and the left ventricular wall,
indicative of a myocardial dissection within the myocardium. CT
provides high-resolution three-dimensional images, which offer a
more intuitive basis for clinical decision-making and complement
the results of echocardiography (12).

The surgical treatment of RSVA was first reported by Lillehei

and colleagues in 1957 (13). Currently, treatment is typically
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guided by international guidelines (14), following a similar
approach as in patients with aortic root tumors. In our case,
both CT scans and surgical exploration revealed myocardial
dissection in the interventricular septum and the anterior wall of
the left ventricle. To address these related defects and excise the
aneurysm sac, thereby preventing cardiac obstruction or aortic
valve dysfunction, we chose to employ bovine pericardial patch
repair of the aortic sinus rupture. The literature suggests (15)
that aortic valve replacement and ascending aortic replacement
may provide stability to the sinus in patients with bicuspid valve
anomalies and aortic root dilation. Consequently, we performed
an aortic valve replacement and carried out the Cabrol
procedure. Due to structural damage to the aorta, we chose the
Cabrol procedure instead of the Bentall procedure.

In summary, RSVA patients with concomitant BAV often
exhibit leaflet
exploration and complex surgical approaches for personalized

valve anomalies, necessitating meticulous

repair and treatment.
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Case Report: Right atrial mass
arising from the Eustachian valve
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A mass in the right atrium (RA) is an unusual finding that warrants further
investigation. We report the case of a 72-year-old male patient who underwent
a Bentall operation with a biological composite graft and closure of patent
foramen ovale 18 months prior to his presentation with an incidental new RA
mass during follow-up echocardiography. Transesophageal echocardiography
and thoracic CT angiography confirmed a right atrial mass attached to the
Eustachian valve and additionally revealed a non-occlusive pulmonary embolism
in the inferior lobar artery of the left lung. Despite 2 months of anticoagulation
treatment, the size of the mass did not decrease. Further MRl imaging showed a
central mass enhancement which raised concerns about a tumoral lesion.
Following a discussion with the local Heart Team, management with surgical
treatment was decided. The intraoperative findings revealed a 2.5cmx2.1cm
mass arising from the Eustachian valve and a non-diagnosed Chiari network in
the RA. Both were resected and sent for a frozen section procedure which
excluded a malignancy. The final histopathological analysis described fibrotic
tissues compatible with an organized thrombus. The patient was discharged on
postoperative day 7 without any complications. Although imaging studies are
useful for the initial and differential diagnosis of RA masses, it is not always
possible to get the final diagnosis without surgery. In case of a suspicion of a
potentially malignant pathology, surgical exploration and resection are necessary.

KEYWORDS

Eustachian valve, right atrial mass, Chiari network, intra-cardiac mass, thrombi, cardiac MRI

Introduction

A mass in the right atrium (RA) is an unusual finding that deserves further investigation.
Nowadays, their incidence has increased due to more frequent imaging studies. We report
the case of a 72-year-old male patient who had a right atrial mass in a very unusual
localization on the Eustachian valve of the RA.

Case description

A 72-year-old male patient who had undergone a Bentall operation with a biological
composite graft and closure of a patent foramen ovale 18 months before, presented with
an incidental new RA mass during a follow-up echocardiography. Transesophageal
echocardiography and thoracic CT angiography confirmed the presence of the right atrial
mass and its location on the Eustachian valve (Figures 1A,B). Moreover, an incidental
non-occlusive pulmonary embolism in the left inferior lobe pulmonary artery was
diagnosed (Figure 1C). Despite 2 months of oral anticoagulant treatment, the size of the
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FIGURE 1

enhancement (arrow) on the Eustachian valve

(A) Preoperative transesophageal echocardiography shows a mobile right atrial mass (arrow) on the Eustachian valve. (B) Preoperative thoracic CT
angiography showing the right atrial mass (arrow), right ventricle (RV), left atrium (LA), and left ventricle (LV). (C) Preoperative thoracic CT angiography
showing pulmonary embolization (PE) on the inferior branch of the left pulmonary artery (arrow). (D) MRI imaging that shows a central mass

mass did not decrease. An MRI study confirmed the size and
location of the mass in the RA and provided further evidence of
central enhancement, which raised the suspicion of tumoral
lesions (Figure 1D). After consulting with the local Heart Team,
the decision to proceed with surgical treatment was made in
order to prevent pulmonary embolization and obtain a definite
diagnosis of this RA mass.

Under general anesthesia, we proceeded with femoral arterial
followed by the
cardiopulmonary bypass. We then performed a re-sternotomy

and venous cannulation, initiation of
and carefully released pericardial adhesions. A second venous
cannula was inserted into the superior vena cava. The operation
proceeded under normothermic cardiopulmonary bypass, and we
operated on the beating heart through a right atriotomy.

The intraoperative findings revealed a 2.5 cm x 2.1 cm mass
(Supplementary Video S1; Figures 2A,B) arising from the
Eustachian valve and a preoperatively undiagnosed Chiari
network in RA. Both structures were resected and sent for a
frozen section procedure, which excluded a malignancy. The final

histopathological analysis described fibrotic tissues compatible
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with an organized thrombus. The patient was discharged on
postoperative day 7 without any complications.

Discussion

The present case describes a right atrial thrombotic mass
attached to a very unusual structure, the Eustachian valve, which
was discovered during a routine follow-up 18 months after his
initial heart surgery which was performed with aorto-bicaval
cannulation. During the resection of the RA mass, an extensive
and unreported Chiari network was found and removed
simultaneously.

The Eustachian valve (EV) is localized around the orifice of the
inferior vena cava and right atrial junction. It is a remnant of the
intrauterine fetal circulation that helps in directing oxygenated
blood from the placenta into the left atrium through the right
atrium and patent foramen ovale (1). It usually regresses during
childhood. A persistent EV is a frequent finding in patients with
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FIGURE 2

25cmx2.1lcm.

(A) Intraoperative findings of the right atrial mass attached to the Eustachian valve (arrow). (B) Intraoperative resected mass measuring approximately

a patent foramen ovale (2), as observed in the current reported
case.

The Chiari network is occasionally seen in the RA near the
opening of the inferior vena cava and the coronary sinus. First
described by Hans Chiari in 1897, its prevalence has been
variably reported to range between 2% and 13.6% (3-5). It may
be associated with thrombi formation (6). It is a fenestrated, net-
like structure and akin to the Eustachian valve, represents an
embryonic remnant of the sinus venosus valve. The Chiari
network is often incidentally diagnosed and may create turbulent
flow and cause repetitive pulmonary thromboembolism.

In the presented case, the formation of the thrombus on the EV
may be related to the presence of a Chiari network. Another
possibility of the formation of the thrombus could be explained
by endothelial trauma during the inferior vena cava cannulation
in the first operation.

The combination of persistent EV and a Chiari network is a
critical combination predisposing to thrombus formation in the
RA. Embolization of parts of the RA thrombus is likely to be the
source of the diagnosed pulmonary emboli in our patient.
Additionally, deep vein thrombosis was ruled out through a
dedicated Doppler exam.

Oral anticoagulant treatment is considered the first-line
treatment in the presence of intra-cardiac thrombi (7). Because
of the size of the RA, the mass did not decrease following 2
months of oral anticoagulant treatment, and suspicion of an
intra-cardiac tumor was raised. This suspicion was further
supported by central mass contrast uptake observed in the MRI
study (Figure 1D). Cardiac MRI can be used to differentiate
between intra-cardiac thrombi and tumors (8). Thrombi typically
do not show contrast uptake and appear dark on LGE (late
gadolinjum enhancement), with a surrounding area of high
uptake from adjoining blood or myocardium. Conversely, tumors
exhibit central contrast uptake and delayed enhancement, as
observed in our case, thus prompting surgical treatment.
Although cardiac MRI has a high accuracy, in this particular
case, it produced a false positive result (9).

Frontiers in Cardiovascular Medicine

Conclusion

A right atrial thrombotic mass attached to the Eustachian valve
discovered during postoperative follow-up is a rare finding and
may be misdiagnosed as a potential malignancy. Although
imaging studies are useful for the initial and differential
diagnosis of RA masses, obtaining a final diagnosis without
surgery is not always possible. In case of a suspicion of a
malignant process or a possible source of repetitive pulmonary
embolism, surgical resection is necessary. Our case highlights the
importance of continuous postoperative follow-up including
regular imaging exams, even in asymptomatic patients. Swift
diagnosis, treatment, and resection may help prevent undesirable
outcomes.
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Case Report: Pericardial patch
repair of mitral annulus and mitral
valve for a left atrial dissection
caused by parasitic infective
endocarditis
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China, ?Chinese Academy of Medical Sciences & Peking Union Medical College, Beijing, China

Introduction: Left atrial dissection is a rare event, typically associated with cardiac
manipulation. We report the first case of a left atrial dissection caused by parasitic
infectious endocarditis, which required the use of patch repair for the damaged
mitral annulus and valve.

Case Presentation: To treat heart failure in a 43-year-old man with left atrial
dissection, we performed a patch repair of the mitral annulus and valve using
autologous pericardium.

Conclusion: We encourage novel surgery for complicated infectious endocarditis.

KEYWORDS

left atrial dissection, parasite, infectious endocarditis, patch repair of mitral annulus and
valve, patch repair for left atrial dissection

Introduction

Left atrial dissection (LatD) is an extremely rare condition characterized by a false blood-
filled cavity or lumen extending from the mitral annulus (MA) to the left atrium (LA) (1, 2).
It is often linked to cardiac manipulation, myocardial infarction (MI) and blunt cardiac
trauma (1, 2). Spontaneous LatD are associated with conditions such as cardiac
amyloidosis, severe mitral annular calcification, and infectious endocarditis (IE) in some
studies (1, 2). The majority of IE cases are caused by bacterial or fungal infestation (1-3).
Here, we present a unique LatD case caused by parasitic infestation of heart, along with
the first report using pericardial patch repair for posterior mitral annulus in a LatD
associated with IE (1-4). To prevent reinfection, we utilized autologous pericardial patch
to repair MA and mitral valve (MV).

Case presentation

A 43-year-old Chinese man with no prior history of cardiac surgery or trauma
complained diarrhea, general fatigue, and lower extremities edema for three months.
Laboratory test revealed an absolute eosinophil count of 5.69 cells x 10°/L with 37.8%

Abbreviations
LatD, left atrial dissection; LA, left atrial; MI, myocardial infarction; IE, infectious endocarditis; MA, mitral
annulus; MV, mitral valve; LV, left ventricle; PML, posterior mitral leaflet.
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FIGURE 1

the mass cavity

TTE showed a mass containing thrombus in the LA and a suspicious endocardial orifice beneath the root of the PML on the LV. CT revealed contrast filling

eosinophils. Transthoracic echocardiogram (TTE) showed a 5.4 x
6.0 cm mass containing thrombus in the posterior wall of the left
atrium (LA), causing functional mitral insufficiency and MV
obstruction. In addition, there was a suspicious endocardial
orifice beneath the root of the posterior mitral leaflet (PML) on
the left ventricle (LV). Enhanced Computed tomography (CT)
revealed the contrast filling the mass cavity, indicating intramural
hematoma. (Figure 1) Left atrial dissection caused by parasitic
infestation was suspected. Based on the patient’s hemodynamic
collapse, emergency surgery was necessary.

The surgical procedures were recorded in Supplementary
Material Video 1. By removing the thrombus and debris from
the false cavity and excising the dissected endocardium, the
surgeon found an orifice on the left ventricle beneath the root of

o

FIGURE 2

The procedure of patch repair for defect of LV, MV and MA. (2) To reach
the orifice, we direct incised the P2, and cut through the posterior MA.
(3) An ellipse-shape autologous pericardial patch was employed to
reconstruct the defect of the LV and MA. (4) After reaching the
proposed neo-annulus line, the rest of the ellipse was used to
augment the PML

the PML, which was confirmed as the entry of the LatD. Direct
incision was performed in the P2, and the posterior MA was cut
through to reach the orifice. An autologous pericardial patch
with an ellipse shape was employed to reconstruct the defect of
the LV and MA. After reaching the proposed neo-annulus line,
the rest of the ellipse was used to augment the PML. An
annuloplasty was performed with another pericardial band (refer
to Figure 2). The reconstructed MV performed well under TEE
after weaning from the cardiopulmonary bypass.

Although the specimen produced no findings, the eosinophil
count and the percentage of eosinophils were sharply decreased
after surgery. The stool examination revealed the ova of
Clonorchis Sinensis, Metagonimus yokogawai and Echinostoma
(refer to Figure 3), confirming a LatD associated with parasitic
infestation of heart. After completing anti-parasitic treatment, the
patient was discharged and remained healthy during the 2-year
follow-up period (5) (refer to Table 1).

FIGURE 3
The ova of clonorchis sinensis (orange) and metagonimus yokogawai
(green) in the stool examination.
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TABLE 1 Timeline.

e Swawon

3 Month Onset of diarrhea, general fatigue, and lower extremities edema

Previously

Initial TTE showed a 5.4 x 6.0 cm mass in the posterior wall of the LA,

Presentation causing functional mitral insufficiency and MV obstruction,
and a suspicious endocardial orifice in the LV. Diagnosis of left
atrial dissection was suspicious made. Hemodynamic instability
required emergency surgery.

Surgery Day Pericardial patch repair of mitral annulus and mitral valve was

performed

2 weeks later A stool examination revealed the oval of parasites. Anti-

parasitic treatment was performed.

5 months later Anti-parasitic treatment was finished. A stool examination

showed negative.

2 years later Patient remained healthy.

Discussion

Left atrial dissection can result from various cardiac
interventions, including both surgical procedures (primarily MV
surgery) and catheter-based interventions (1, 2). Cases of LatD
resulting from MI and cardiac trauma have also been recorded
(1, 2). Fukuhara et al. reported only 7 cases of spontaneous
LatD,

manipulation (1). With another case of LatD with IE in other

one of which was related to IE without cardiac
report, both patients were caused by bacterial infection and died
before emergency surgery could be performed (1-3). This might
be the first report of LatD resulting from parasitic infestation of
heart and survived after surgery.

Transesophageal echocardiography (TEE) is the preferred
method for diagnosing LatD, but its efficacy and diagnostic value
are still limited (1). Echocardiogram often shows a left atrial
mass or a tamponade, particularly when there is thrombus
attached (1). Visualizing the entry of the dissection or
inflow and the LA can be
challenging (1). A TTE was performed in the emergency room

communication between the

on our patient and revealed an ambiguous left atrial mass with
regurgitation flow under the PML, which could have been
misdiagnosed as a leaflet perforation. Enhanced CT imaging is
also limited in identifying precisely when the thrombus filled in
the false cavity.

Hemodynamic instability is mainly secondary to obstruction of
MV inflow or pulmonary vein orifice and eventually becomes
congestive heart failure and low-output syndrome, making
conservative management impractical. Surgery was necessary for
our patient (2).

To achieve successful repair, three main keys are the

following: (a.) to gain adequate evacuation of the
hematoma; (b.) obliteration of the false lumen; and (c.)
addressing the entry point, if identified. If the

communication is not repaired, the dissection may recur
under persistent pressurized inflow (1, 2). Therefore, we
debride thrombus and resect the dissected endocardium. To
close the orifice in the LV, a posterior annulus cutting was
necessary. However, the tissue of LA and MA is often
delicate and should be

preserved whenever possible.
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Encouraged by Masashi’s successful application of the
technique for patch repair of mitral annulus calcification,
we proceeded with posterior MA cutting and patch repair

(6).

prevent artificial graft reinfection.

We chose the autologous pericardium as patch to

Conclusion

By introducing this rare parasitic infestation of LatD and its
surgical details, we aim to encourage novel surgery for
complicated infective endocarditis.
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management of idiopathic
pulmonary aneurysms and review
surgical approaches
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Idiopathic pulmonary aneurysm is a clinically rare condition characterized by an
unknown etiology and episodic occurrence. Despite its rarity, idiopathic
pulmonary artery aneurysm poses potential risks to patients. Currently, there is
a lack of established clinical guidelines and consensus regarding its
management, leading to ongoing controversies in treatment strategies.
Particularly, the optimal approach for addressing the main pulmonary artery,
its branches, and the pulmonary artery valve remains uncertain. A 57-year-old
female patient presented with chest pain and tightness, leading to the
diagnosis of idiopathic pulmonary artery aneurysm after excluding other
potential causes. Subsequently, she underwent surgical treatment. However,
during the surgery, the pulmonary artery wall was found to be extremely
weak, prompting us to employ a surgical approach involving the utilization of
autologous vessel wrapping with artificial grafts. By summarizing almost all
surgical treatment strategies reported in recent years, including the
management of pulmonary artery vessels and the pulmonary valve, we have
developed a treatment flow chart. This flowchart serves as a valuable guide for
the management of future cases presenting similar challenges, offering
clinicians valuable insights and evidence-based recommendations.

KEYWORDS

pulmonary aneurysms, idiopathic, procedure, vascular replacement, case report

1. Introduction

Pulmonary artery aneurysms (PAAs) are considered to be a rare disease. Deterling and
Clagett (1) discovered 8 cases of PAAs in a series of 109,571 consecutive postmortem
examinations, resulting in a prevalence rate of 0.0073%. Regarding the definition of the
size of pulmonary aneurysms, a population-based survey by Berger et al. (2) reported
that the mean diameter of pulmonary arteries (PAs) in a healthy population was 32.0 +
4.6 mm and suggested that the threshold definition of PAAs should not be less than
45 mm. The etiology of PAAs can be diverse and encompass various factors. These
include congenital heart defects, connective tissue abnormalities (e.g., Marfan’s
syndrome), infectious diseases (e.g., syphilis, tuberculosis, suppurative bacterial
infections, and fungal pneumonia), vasculitis (e.g., leukoaraiosis), idiopathic pulmonary
arterial hypertension, chronic pulmonary embolisms, neoplasms (e.g., primary lung
cancers and lung metastases, medically induced cardiac surgery, as well as the
unexplained (idiopathic) cause (3).

28 frontiersin.org


http://crossmark.crossref.org/dialog/?doi=10.3389/fcvm.2023.1331982&domain=pdf&date_stamp=2020-03-12
https://doi.org/10.3389/fcvm.2023.1331982
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
https://www.frontiersin.org/articles/10.3389/fcvm.2023.1331982/full
https://www.frontiersin.org/articles/10.3389/fcvm.2023.1331982/full
https://www.frontiersin.org/articles/10.3389/fcvm.2023.1331982/full
https://www.frontiersin.org/articles/10.3389/fcvm.2023.1331982/full
https://www.frontiersin.org/journals/cardiovascular-medicine
https://doi.org/10.3389/fcvm.2023.1331982
https://www.frontiersin.org/journals/cardiovascular-medicine
https://www.frontiersin.org/

Wu et al.

Idiopathic PAAs is condition

characterized by an aneurysm in the pulmonary artery without

a rare and mysterious

any known cause. To offer a more precise characterization of
idiopathic pulmonary aneurysms, four distinct pathological
criteria have been established. (i) dilation of the pulmonary
trunk, with or without dilation of other arteries; (ii) the absence
of abnormal shunts within or outside the heart; (iii) the absence
of chronic cardiorespiratory disease confirmed through clinical or
autopsy findings; and (iv) the absence of arterial diseases like
syphilis, significant atherosclerosis, or small arteriosclerosis (4).
The current diagnostic criteria require the exclusion of these
underlying causes to determine the presence of pulmonary artery
dilation. Idiopathic PAAs typically manifest as asymptomatic,
occasionally present with hemoptysis, and have been reported to
result in compression of coronary vessels or the superior vena
cava (5-7). For proximal pulmonary aneurysms, conservative
treatment is usually used. As aneurysm size increases, surgical
resection or graft repair may need to be considered.

Currently, there are no established guidelines for the diagnosis and
treatment of PAAs. Although, some literature suggests that
conservative treatment has shown favorable clinical outcomes (8, 9).
However, large pulmonary aneurysms still pose significant risks, and
surgical intervention has been found to provide considerable clinical
benefits for patients. In this report, we present a case of surgical
treatment for idiopathic PAAs, providing a detailed account of the
treatment course and outcomes. Additionally, we review the existing
literature on the surgical approach to proximal pulmonary aneurysms.

10.3389/fcvm.2023.1331982

2. Case presentation

A 57-year-old woman visited community hospital due to
experiencing chest tightness and chest pain for over a year. A
chest computed tomography (CT) scan revealed aneurysmal
dilation of the pulmonary artery. She had a history of
tuberculosis over 20 years ago but stated that she had been
successfully treated and cured. During the examination, the
patient’s blood pressure was measured at 110/70 mmHg, and her
pulse rate was recorded at 73 beats per minute. She has a height
of 155cm and a weight of 45 kg. The computed tomography
angiography (CTA) scan of the pulmonary arteries revealed
significant aneurysmal dilation of the main pulmonary artery and
the bifurcation lumen (about 5.6 cm at the wider part), which
was considered to be a pulmonary aneurysm; the walls of the
main pulmonary artery and its branches appeared smooth and
continuous, with no apparent filling defect within the lumen
(Figures 1A,B). The electrocardiogram (ECG) displayed a
rhythm. The
abnormalities in the valves, and there are no abnormal in vivo or

normal sinus echocardiogram reveals no
in wvitro shunts present. Additionally, there is aneurysmal
dilatation of the pulmonary arteries (Supplementary Figure SI).
Right heart catheterization revealed a pulmonary artery pressure
of 21/11/14 mmHg.

abnormality. Relevant preoperative routine blood tests are shown

Coronary angiography suggests no

in Supplementary Table S1, which were mainly positive for
Mycobacterium tuberculosis CD4+ T cells. We recommended

FIGURE 1

Preoperative and postoperative data. (A,B) are preoperative pulmonary artery CTA images showing an aneurysmal dilation of the pulmonary artery,
with a maximum width of 5.55cm. (D,E) are postoperative pulmonary artery CTA images demonstrating restoration of normal diameter in the
main pulmonary artery, approximately 2.6 cm. Images (C,F) are intraoperative images, with (C) showing the pulmonary artery aneurysm under
direct visualization, and (F) displaying the pulmonary artery after vessel replacement
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surgical treatment of the pulmonary aneurysm. Intraoperatively, it
was noted that the main pulmonary artery exhibited significant
dilatation from 2 cm above its origin to the bifurcation of the
right and left pulmonary arteries, with a maximum diameter of
approximately 5.5 cm, and no palpable thrill was detected at the
root, and there was a slight dilation observed in the left and right
pulmonary arteries (Figure 1C). Cardiopulmonary bypass was
initiated, and a sequential blockade of the superior vena cava and
inferior vena cava, as well as the right and left pulmonary
arteries, was implemented. After the aortic occlusion, cardiac
arrest is induced by the infusion of a specialized cardiac arrest
solution, effectively ceasing the heart’s activity. Intraoperative
probes reveal that the pulmonary arteries have thin walls without
any signs of dissection or thrombosis. The pulmonary valve
annulus is not dilated, and there is no significant regurgitation
observed. The aneurysm of the main pulmonary artery was
dissected longitudinally and replaced using an artificial blood
vessel (24 mm in diameter), which was anastomosed to the
proximal and distal ends of the main pulmonary artery,
respectively, and the patient’s own dilated portion of the
pulmonary artery wall was partially excised. The artificial blood
vessel was re-sutured and wrapped (Figure 1F). Postoperatively,
the patient was returned to the intensive care unit. The patient
was transferred to a regular ward on the second day after the
surgery and was discharged smoothly one week postoperatively.
The diseased vessel was excised and sent for routine pathological
examination. Pathological findings showed thinning of the
pulmonary artery wall with no other significant abnormalities
(Supplementary Figure S2). Postoperative follow-up pulmonary
artery CTA showed that the diameter of the main pulmonary
artery returned to normal (Figures 1D,E). Anticoagulation with
warfarin for 6 months. The patient came for a follow-up visit at
the outpatient clinic 2 months later, reporting satisfactory
recovery and no specific complaints of discomfort.

3. Discussion

In our clinical practice, we have encountered patients with
pulmonary aneurysms whose causes could be determined,
including two cases of pulmonary aneurysms caused by
congenital heart disease (Supplementary Figure S3). However,
idiopathic pulmonary aneurysms are considered to be rare. The
patient was admitted to the hospital due to chest pain, and
subsequent examination eliminated the potential cause of a
pulmonary aneurysm. The patient had a previous history of
tuberculosis over two decades ago, which had resolved over time.
Upon admission, the patient’s CD4+ T-cell test for tuberculosis
antigen specificity yielded positive results, indicating a prior
tuberculosis infection. However, it is important to note that
pulmonary aneurysms resulting from tuberculosis infection
typically manifest in the distal pulmonary arteries and are not
commonly associated with enlargement of the main pulmonary
arteries (10). Throughout the surgical procedure, we observed the
following details. (i) Preoperative evaluation of the thickness of
the pulmonary artery aneurysm vessels is necessary. We observed

Frontiers in Cardiovascular Medicine
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that the pulmonary arteries exhibited a marked thinness,
measuring approximately 1 mm. Despite the absence of elevated
pulmonary artery pressure, we chose to use the patient’s blood
vessel to wrap the artificial blood vessel as a precautionary
measure for enhanced safety. Nonetheless, during the distal
anastomosis, we noted that the vessel walls remained susceptible
to tearing due to their thin and fragile condition. Consequently,
we fortified the vessel walls by applying an external vascular
patch. (ii) To mitigate the risk of bleeding, we advised complete
exposure of the bilateral pulmonary arteries before the surgery
and temporary occlusion using polyester tapes. This approach
facilitated a more optimal surgical field of vision. (iii) Regarding
whether to stop the heartbeat, we opted for a “stopped” approach
during the surgery to ensure a clearer view for the patient,
considering the blood reflux from the coronary sinus. (iv)
Regarding the selection of anticoagulation therapy, our standard
practice following ascending aorta artificial graft surgery involves
3-6 months.
considering the slower blood flow velocity in the pulmonary

the administration of aspirin for However,
artery compared to the aortic side and the absence of
comprehensive anticoagulation protocols in existing literature, we
have opted for a warfarin anticoagulation regimen for 3-6
months to prioritize patient safety.

We conducted a comprehensive analysis of recent cases
involving idiopathic pulmonary aneurysms and examined the
surgical techniques employed in these cases (Supplementary
Table S2). Previous studies primarily focused on discussing the
indications for surgery, with limited discussion on the available
surgical treatment options and choices. By integrating patient
cases and conducting a thorough literature review, we have
compiled a summary of the various surgical treatment options
and choices available for this condition.

The initial step is to assess whether the patient meets the
necessary indications for surgery. For indications of surgery for
pulmonary aneurysms, Kreibich et al. (3) suggest the following
factors be considered: ( I) absolute aneurysm diameter >5.5 cm;
(IT) increase in aneurysm diameter of >0.5 cm within 6 months;
(III) compression of adjacent structures; (IV) formation of a
thrombus within the aneurysm; (V) development of clinical
symptoms; (VI) presence of valvulopathy or shunts; (VII)
confirmed diagnosis of pulmonary arterial hypertension; and (VII)
rupture of aneurysm or sandwich formation. The second step
involves managing the pulmonary artery vasculature. Firstly, the
thickness of the vessel wall needs to be assessed. For patients
with appropriate or normal vessel wall thickness, direct removal
of the pulmonary aneurysm can be performed. However, for
patients with very thin pulmonary arteries, it is recommended to
use artificial vascular grafts, along with wrapping using the
patient’s blood vessels (11-13). Subsequently, the involvement of
both the right and left pulmonary arteries must be taken into
consideration. In cases where the pulmonary arteries are
cumulatively involved or bilaterally involved, simultaneous
vascular replacement on one or both sides may be necessary (14-
17) (Figure 2). The last
management of the pulmonary valve. The functionality of the

step involves considering the

pulmonary valve needs to be evaluated to determine if it is
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FIGURE 2
Pulmonary artery vascular management schematic. (A) Direct excision and suturing of the dilated pulmonary artery. (B) Replacement of the ascending

pulmonary artery with an artificial blood vessel and wrapping. (C) Replacement of the ascending pulmonary artery with an artificial blood vessel
without autologous vessel wrapping. (D—F) represent schematic illustrations of involvement of the left pulmonary artery, right pulmonary artery, or
bilateral pulmonary artery branches, respectively, with subsequent replacement.

affected. If the valve function is normal and only the annulus is We have devised a treatment flowchart (Figure 4) exclusively
enlarged, a procedure similar to David’s (16) or Devega’s (15)  applicable to patients diagnosed with idiopathic pulmonary
can be performed, preserving as much function of the aneurysm, excluding those with secondary pulmonary artery
pulmonary valve as possible; if the valve function is abnormal, a  dilatation. This flowchart is intended to serve as a comprehensive
bioprosthetic pulmonary valve is also a good option (12, 18)  guide for subsequent clinical management and decision-making

(Figure 3). processes.

FIGURE 3
Schematic illustrations of pulmonary artery management. (A) Similar to the David procedure; (B) bioprosthetic valve replacement; (C) De Vega-like

procedure.
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Surgical Indications

J

=

Pulmonary artery vessel wall thickness?

Normal Thinly

(i )Absolute PAA diameter 25.5 cm;

(ii) Increase in the diameter of the aneurysm of 20.5 cm in 6 months;
(iii) Compression of adjacent structures;

(iv) Thrombus formation in the aneurysm sack;

(v ) Appearance of clinical symptoms;

(vi) Evidence of valvular pathologies or shunt flow;

(vii) Verification of PAH ;

(viii) Signs of rupture or dissection

(i ) Main pulmonary artery replacement;

Direct aneurysm removal or
pulmonary arterioplasty

Artificial vascular replacement
with parallel wrapping

(ii) Main pulmonary artery + left
pulmonary artery / right pulmonary
artery / bilateral pulmonary arteries

=

NO[
L.

FIGURE 4

\ YES

Flowchart of surgical treatment modalities for idiopathic pulmonary aneurysms.

similarto Y-shaped replacement

-

4. Conclusion

Surgical treatment of Idiopathic PAAs is comparatively safe
and clinically beneficial for postoperative patients. However, it
requires attention to a series of details and selection of
appropriate surgical techniques. By creating a flowchart, we can
provide valuable clinical thinking and procedures for subsequent
similar patients, thereby improving the accuracy and effectiveness
of treatment and providing better medical care.

5. Patient perspective

“I had no prior knowledge about idiopathic pulmonary artery,
the type of disease I was diagnosed with. However, I consider
myself fortunate to have received timely surgical intervention,
which ensured my safety. I am deeply grateful to the medical
staff for their exceptional treatment. I sincerely hope that my
experience can serve as a valuable reference for similar cases”.
We appreciate the patient’s encouragement and support in
reporting the article!
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Case Report: Acute cerebral
infarction caused by left atrial and
right ventricular myxoma
received emergency operation
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'Department of Cardiovascular Surgery, Northern Jiangsu People's Hospital Affiliated to Yangzhou
University, Yangzhou, China, ?The Yangzhou Clinical Medical College of Xuzhou Medical University,
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Science and Technology of China, Hefei, China, “Department of Laboratory Medicine, Clinical College
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Cardiac myxoma is a rare etiology of ischemic stroke, especially in young people.
We report a case of multiple myxomas in left atrium and right ventricle inducing
acute cerebral infarction. No significant abnormalities were detected in the
patient's preoperative laboratory examination. Following emergency surgery,
the patient’s prognosis was satisfactory, providing valuable empirical insight for
the surgical management of acute cerebral infarction in individuals diagnosed
with cardiac myxoma. Our objective is to heighten awareness regarding the
evaluation and treatment of patients with acute cerebral infarction subsequent
to early diagnosis of cardiac myxoma.

KEYWORDS

myxomas, neurologic symptoms, emergency operation, case report, cardiac tumors

Introduction

Cardiac myxomas account for between 50% and 85% of all cardiac tumors (1). Sixty
percent to 80% of cardiac myxomas occur in the left atrium, usually attached to fossa
ovalis, the right atrium and ventricle and valves are relatively rare (1, 2). Controversy
surrounds the treatment of neurologic symptoms caused by cardiac myxoma, focusing
on whether to prioritize removing cardiac tumors or addressing cerebral infarction first.

A 25-year-old woman came to our emergency center with repeated chest tightness,
palpitations, asthma, occasional hand and foot numbness, and worsening symptoms
during daily activities over a 2-month period. Dizziness, headache, nausea and vomiting
occurred 1 day before hospital admission. A magnetic resonance imaging (MRI) of the
head revealed multiple specks and flaky signals in the left cerebral hemisphere,
suggesting the possibility of multiple acute cerebral infarctions (Figure 1, arrow).
Intraoperative transesophageal ultrasound demonstrated a soft mass shadow attached to
the anterior lobe of the mitral valve, which collided with the left ventricle during
diastole. Additionally, another mass shadow was observed at the apex of the right
ventricle with minimal activity (Figure 2, arrow below). Subsequently, a dark red
jelly-like mass, sized approximately 5% 3 cm in the left atrium and 3 x 2 cm in the right
ventricle, was identified and completely excised (Figure 3). The histopathological
examination of a biopsy specimen confirmed the presence of cardiac myxomas (Figure 4).

Ten hours after admission, the patient underwent an emergency operation in which
a median sternal incision was made to gain access to the chest. Heparinization of the
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FIGURE 1
The MRI of the patient's head before operation, the arrow is the
focus area.

entire body was then carried out, followed by the establishment of
cardiopulmonary bypass through the ascending aorta and
superior and inferior vena cava. Subsequently, the entire body
was cooled, and the superior and inferior vena cava were
blocked. The left atrium was then incised and drained, with
temporary omission of the left atrial tube insertion, to prevent
the myxoma from dislodging. The ascending aorta was then
blocked and cardioplegia was infused through the aortic root
before a longitudinal incision was made in the right atrium and
atrial septum following cardiac arrest. During the procedure, a
dark red jelly-like mass, measuring approximately 5 x 3 cm, was
identified in the left atrium and successfully removed. A left

FIGURE 2
Transesophageal echocardiography, the mass shadow at the arrow
is myxoma.

FIGURE 3
The red jelly-like substance in the bowl is the tissue of myxoma
removed by surgery

atrial retractor was then used to open the anterior lobe of the
tricuspid valve, revealing a dark red jelly-like tumor measuring
about 3 x 2 cm in the right ventricle. Following its removal, the
tumor was meticulously rinsed multiple times with warm water
to ensure no residual tumor was left in any cardiac cavity,
thereby minimizing the risk of recurrence (3). The procedure
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FIGURE 4
Sections under microscopic examination showed that the tumor cells
are scattered in the myxoid matrix, star-shaped and polygonal, diffuse
or intertwined into a network, and the focal area bleeds
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lasted a total of 76 min under cardiopulmonary bypass, with
49 min being cardiac function-blocked. Post-operation, the
patient was transferred to the intensive care unit with
endotracheal intubation, and regained consciousness 3 h later.
The endotracheal tube was successfully removed on the second
day after the operation.

The patient was discharged from the hospital 10 days after
surgery in good spirits and the muscle strength of the limbs was
normal. Despite the successful recovery in physical strength,
there was an observed temporary decrease in the patient’s
calculation ability. However, during the 3-month follow-up, the
patient exhibited no residual dysarthria or difficulty accessing
words, and there were no recurrent ischemic events. Additionally,

her calculation ability had returned to normal.

Discussion

As per our literature search, this is the first case report of
multiple myxomas in left atrial and right ventricular inducing
acute cerebral infarction in a young female patient. In this case,
the patient was young and had cerebral infarction symptoms,
which reminds doctors to pay attention to cardiogenic factor (4).
In addition, the preoperative head magnetic resonance (MRI) of
the patient showed that the areas of cerebral infarction were not
confined to the same vascular area, which suggested that the
stroke originated from the heart (5).

Cardiac MRI can provide unique information in the diagnosis
of cardiac myxoma with robust tissue signature sequences (6). In
this case, the patient suffered from acute cerebral infarction
caused by cardiac myxomas. In order to prevent further
aggravation of obstruction induced by cardiac myxomas, we
performed emergency surgery as soon as possible to remove the
risk of re-obstruction. The treatment of neurologic symptoms
resulting from cardiac myxoma-induced infarction is a subject of
debate, with no established guideline for stroke associated with
myxoma (7). However, some scholars argue that immediate
treatment of cardiac myxoma upon diagnosis is crucial for
averting re-vascular obstruction, prioritizing it over the alleviation
of neurological or other embolic symptoms in the brain (8).

Some scholars support the priority use of intravenous
thrombolytic drugs after cerebral embolism, with recombinant
tissue plasminogen activator considered safe and effective.
However, postoperative pathology findings in successful
thrombolysis cases revealed that the main component of the
embolus was thrombosis. This finding may be attributed to the
local vascular ischemic damage caused by myxoma embolus
blocking cerebral blood vessels (9).

The choice of operation time window has also become a
controversial topic. Wakako Fukuda et al. (10) conducted a study
revealing that the occurrence of worsening brain complications
decreased by 10% when surgery was performed more than 15
days after cerebral infarction. In the case reported by Yoshioka
et al. (11), the patient’s preoperative cranial MRI showed only
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multiple small infarcts in the brain without any signs of cerebral
hemorrhage. After emergency surgery, right occipital lobe cerebral
hemorrhage was found, notably, the patient’s preoperative test
results, including a platelet count of only 1x 10*/mm’ and a
D-dimer level of 12.72 pg/ml, indicated severe disseminated
intravascular coagulation (DIC). This case emphasizes the critical
nature of preoperative coagulation function examination to avoid
unforeseen complications during surgery.

In this case, after surgically removing the risk of cardiogenic
obstruction, the neurological symptoms improved, and there
were no new obstruction symptoms in other organs. Therefore,
we believe it is crucial to promptly remove cardiac myxoma in
non-DIC patients.
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Inferior vena cava atresia is a rare and usually asymptomatic condition. However,
when these patients undergo cardiac surgery, it can present an unexpected and
challenging situation for the surgeon. Specifically, adequate venous drainage
during cardiopulmonary bypass (CPB) is a critical issue here and may require an
extension of cannulation strategies. Adequate preoperative diagnostics, ideally
with imaging modalities such as CT angiography or MRI, are required for optimal
surgical planning. Here, we describe a rare case of thoracic ascending aortic
aneurysm with concomitant inferior vena cava atresia that was successfully
operated on. With adequate preoperative planning, we were able to perform an
operation without unforeseen complications with standard initialization of CPB.

KEYWORDS

aortic surgery, thoracic aorta aneurysm, anatomic variant, vena cava inferior agenesia,
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Introduction

Continuity of the azygos vein with an interrupted or totally absent inferior vena cava (IVC)
is a rare congenital anomaly affecting 0.3% of otherwise healthy individuals (1). IVC
interruption may be found in up to 2% of patients presenting with other cardiovascular
defects such as dextrocardia, atrial septal defect, atrioventricular canal, and pulmonary artery
stenosis (2). In everyday life, patients with an interruption of the IVC are often
asymptomatic but have an increased risk of venous thrombosis (3, 4). If cardiac surgery with
CPB is required, strategies are needed to ensure unobstructed venous drainage in these
patients, as venous return may be compressed in the supine position on the operating table
due to the lack of IVC. Therefore additional venous cannulation e.g, of the femoral vein
may be required to allow the CPB to perform the a full calculated cardiac output.
Furthermore, if unknown to the surgeon, agenesis of the IVC may lead to fatal injury to the
hepatic veins during the attempt to cannulate the non-existent IVC via the right atrium.

Here, we describe the case of a patient with incidental finding of an agenesis of the
IVC and continuity of the azygos vein who underwent aortic surgery.

Case presentation

A 54-year-old woman presented with severe aortic valve stenosis and an ascending aortic
aneurysm. Echocardiography revealed a maximum gradient across the aortic valve of
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58 mmHg, a calculated valve opening area of 0.7 cm?, a bicuspid valve
morphology, and ventricular hypertrophy. Left ventricular function was
normal. CT angiography confirmed an aneurysm of the ascending aorta
of 46 x 45 mm. Additionally, an azygos continuity with complete
agenesis of the inferior vena cava was found incidentally in routine
CT angiography. Both iliac veins were found to directly drain into the
corresponding paravertebral vein and then merged with the left and
right renal veins to form a large azygos vein (Figure 1).

An elective replacement of the aortic root, ascending aorta and
proximal aortic arch was scheduled. During induction of anaesthesia,
an additional distal venous pressure measurement was established
via a femoral vein catheter. Initial measurement showed no
difference to the central venous pressure measured in the internal
jugular vein. Intraoperatively, this monitoring strategy served to
ensure adequate drainage of the lower body throughout CPB.

Following median sternotomy and pericardiotomy, cannulation
of the ascending aorta as well as the superior vena cava via the
right atrium were performed, the latter using a regular two-stage
cannula directed cranialwards (Figure 2). CPB was initiated and
proved satisfactory considering venous drainage and full relief of
the heart. Additional femoral venous cannulation was not required.
For cardiac arrest, ice-cold (5-8°C) crystalloid solution was used.
Additionally topical cooling with cold water was performed. The
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FIGURE 1

Computed angiopgraphy showing atresia of the inferior vena cava
and azygos continuity. (A) Sagital layer, (B—E) horizontal layer at
the sites marked in red.
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FIGURE 2
Intraoperative cannulation. Venous cannulation with a 2-stage
cannula into the superior vena cava is shown.

aortic valve, aortic root, and ascending aorta were replaced using a
mechanical 23 mm conduit. The hemiarch was replaced with a
26 mm tube under hypothermic circulatory arrest (25 min) with
selective antegrade cerebral perfusion (SACP). Therefore, after
reaching a body temperature of 25°C, SACP was initiated by open
direct cannulation of the innominate artery and the left common
carotid artery. The left subclavian artery was blocked with a ballon
catheter. The total duration of the cardiopulmonary bypass was 4 h
and 26 min, and aortic clamp time was 2 h and 46 min.

The patient was transferred to the intensive care unit. Weaning
from ventilation took place 12 h after surgery, and the patient was
transferred to the intermediate care ward. During the hospital stay,
the patient experienced a pericardial
sternotomy. The remaining hospital stay was uneventful, and the

effusion requiring re-

patient was discharged in good physical condition. The predischarge
CT angiography confirmed a satisfactory early postoperative result.

Discussion

Atresia of the IVC with azygos continuity is a challenging condition
in case cardiac surgery is needed. Recently, two cases of cardiac surgery
with an aberrant IVC have been described. Cetinkaya et al. reported a
case of a 61-year-old man with mitral and tricuspid valve replacement
and an abnormal intraoperative IVC finding requiring conversion
from a minimally invasive approach to a full sternotomy (5). Knol
et al. describe a similar case of a 57-year-old man with mitral and
tricuspid insufficiency where a full sternotomy was also required after
initially starting with a minimally invasive approach for valve
reconstruction (6). In both cases, additional cannulation of the
femoral vein was required for adequate venous drainage. In this
situation, a hybrid room for positioning the venous cannula with
angiographic  support could be transesophageal
echocardiography may not provide sufficient visibility to check the

useful as

correct position. This should be considered in the preoperative
planning. In our case, a central two-stage venous cannula directed
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upwards rather than downwards proved sufficient. Monitoring of the
venous pressure in the iliac veins provided the critical information
about sufficient venous drainage throughout the operation. This
additional monitoring was also used for postoperative fluid
management and catecholamine dosing in the intensive care unit.

This case underlines the importance of thorough preoperative
diagnostics in elective cardiac surgery in order to be able to
recognize and prepare different strategies even for such a rare
anatomical variant. Non-invasive preoperative diagnostics such as
computed tomography or magnetic resonance imaging becoming
increasingly important in preoperative diagnostics and are suited
to depict also the IVC but are not yet standard care in cardiac
surgery (7, 8). The chest x-ray may show unspecific signs like a
widened mediastinum with an enlarged azygos arch (9). In
infants, ultrasound with the specific “double sign” may be an
alternative (10). In adults, transesophageal ultrasound showing
the interruption of back flow can be a diagnostic sign (11).

Conclusion

We hereby describe a rare case of IVC atresia with azygos
continuity in a patient undergoing thoracic aortic surgery. It
could be demonstrated that, with proper preoperative diagnostics
and planning, this challenging condition may even be addressed
without the need for a strategy change during the operation.

Data availability statement

The original contributions presented in the study are included
in the article/Supplementary Material, further inquiries can be
directed to the corresponding author.
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Case Report: Giant left atrial
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intracardiac blood cyst?
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Background: Primary cardiac tumors are uncommon, with the majority being
benign myxomas. Cystic myxoma, a particularly rare type of benign cardiac
tumor, demands cautious differential diagnosis from other cardiac tumors.
Case summary: A 43-year-old male patient presenting with intermittent
dyspnea was referred to our department for surgical evaluation. Transthoracic
echocardiography (TTE) and transesophageal echocardiography (TEE) unveiled
an intra-left atrial cyst, which was subsequently found to be blood-filled
during a video-assisted microinvasive heart surgery. Pathological examination
depicted a cyst wall filled with small stellate and fat spindle cells, along with a
mucoid matrix, indicating a diagnosis of cystic myxoma.

Conclusions: We herein presented a rare case of an adult patient with cystic
myxoma, initially misdiagnosed as an intracardiac blood cyst (CBC) prior to
surgery, and ultimately verified via pathological findings.

KEYWORDS

case report, cardiac tumor, myxoma, intracardiac blood cyst, cardiac surgery

Introduction

Primary cardiac tumors are rare, with an incidence of 0.002% to 0.3% and a prevalence
of 0.001% to 0.03%. Over half of these tumors are myxomas (1). Most myxomas occur in
the left atrium (75% to 80%), with fewer cases found in the right atrium (10% to 20%) (2).
Typically, these tumors are solid, round, or polypoid in shape and attached to the
interatrial septum, lacking a cystic structure. However, cystic myxomas are exceedingly
rare (3-8). Intracardiac blood cysts are another unusual cardiac tumor, mainly seen in
fetuses or infants under six months of age and rarely reported in adults. Here, we
present an uncommon case of a left atrial cystic myxoma that was initially suspected as
a CBC before surgery and ultimately diagnosed as a cystic myxoma.

Patient information

A 43-year-old male patient presented with intermittent dyspnea during sleep for 20
days and underwent TTE at a local hospital, which revealed a left atrial myxoma. He
was referred to our hospital for surgical evaluation and was further directed to the
cardiothoracic surgery department. The patient denied any history of hypertension,
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diabetes mellitus, and tobacco use. Upon physical examination, a
moderate diastolic murmur was auscultated at the cardiac apex
area. Electrocardiography showed a sinus rhythm with a heart
rate of 63 beats per minute. All initial laboratory tests were
within normal limits, except for a mild elevation in B-type
natriuretic peptide (108 pg/L). Additionally, hemoglobin was
143 g/L, albumin was 38.5 g/L, aspartate aminotransferase was 13
U/L, 12 U/L, erythrocyte
sedimentation rate was 2 mm/hour, and Troponin was 0.011 pg/

alanine aminotransferase was
L. TTE demonstrated an almost echoless mass measuring 4.6 x
4.4 cm with well-defined margins in the left atrium, which was
attached to the atrial septum with a narrow base (Figures 1A,B).
TEE showed a large cystic mass in the left atrium that
protruding into the mitral valve during diastole, causing mild

mitral stenosis (Supplementary Video S1). A cardiac CT scan

10.3389/fcvm.2024.1323890

displayed a giant tumor located in the left atrium with
heterogeneous density following enhancement, suggesting the
possibility of a myxoma (Figures 1C,D).

The patient underwent a video-assisted thoracic surgery using
the Da Vinci surgical system (Intuitive Surgical Inc., Sunnyvale,
CA, USA). After double-lumen intubation, cardiopulmonary
bypass (CPB) was established by femoral artery and vein
cannulation, and a right-sided incision was made to access the
chest cavity. During the surgery, a giant parenchymal cyst was
found in the left atrium with a pedicle attached to the atrial
septum, which was intact (Figure 2A). We attempted to
this the
accidentally ruptured during resection, causing blood to flow

completely remove lesion. Unfortunately, cyst

out and resulting in its collapse. Nevertheless, the tumor was
completely removed without causing any damage to the
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FIGURE 1

Preoperative echocardiography and enhanced cardiac CT scan images. (A—B) Transthoracic echocardiography showed an echoless tumor measuring
4.6 X 4.4 cm in the left atrium, with clear boundary, a small base attached to the atrial septum, and no blood signal in the tumor. (C-D) Enhanced
cardiac CT scan in transverse plane (C) and coronal plane (D) showed a giant tumor in the left atrium with heterogeneous density after enhancement.
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FIGURE 2
Intraoperative and pathological images. (A) Intraoperative view revealed a parenchymal blood-filled cyst with smooth surface attached to the atrial
septum with a pedicle. (B) Pathological examination of the cyst (hematoxylin and eosin stain, x4) showed spindle cells with eosinophilic cytoplasm
surrounded by mucoid matrix.

adjacent tissue. The total operation time was 2 h and 14 min, the
CPB time was 1 h and 18 min, and the cross-clamp time was
35 min. Pathological examination revealed a smooth cyst wall
with a thickness of 0.1-0.2 cm. The cyst wall consisted of small
stellate and fat spindle cells with round, oval, or elongated
nuclei and eosinophilic cytoplasm, surrounded by a mucoid
matrix. The tumor cells were arranged in a linear pattern and
oriented towards the blood vessels, with no cytological atypia
present (Figure 2B). The postoperative recovery process was
uneventful, and the patient was transferred from the intensive
care unit to the general ward on the second day after surgery,
and discharged nine days later, with normal mitral valve and
left ventricular functions confirmed through echocardiography
before discharge. During the follow-up period, there was no
recurrence of myxoma.

Discussion

As a very rare tumor, the pathological type of cardiac mass is
closely related to its location. For instance, myxoma can always
be seen in the left atrium, lipoma is more common in the right
atrium or left ventricle, and fibroma and rhabdomyoma are more
common in the ventricles (9). While most diagnoses of cardiac
tumors are rendered through imaging techniques, some of them
may not exhibit characteristic imaging features that suggest their
pathological type, making the diagnosis challenging. Therefore,
myocardial biopsy plays an important role in the diagnosis of
cardiac tumors. Currently, computerized tomography (CT), TEE,
or intracardiac echocardiography are commonly used to guide
myocardial biopsy (10). Among them, CT-guided biopsy has
been proven to be safe for pericardial or superficial intermural
tumors (11). For intracardiac masses, myocardial biopsy is most
performed via the venous route, including internal jugular or
femoral vein, and for left ventricular lesions, biopsy can also be
performed by transseptal puncture or directly through peripheral

Frontiers in Cardiovascular Medicine

arteries (12). Considering the high risk of myocardial biopsy
including vasovagal reaction, pericardial tamponade, arrhythmias,
ventricular perforation, and vascular injury (13), it is generally
utilized for tumors in the right cardiac system (14). Additionally,
myocardial biopsy is considered contraindicated in the following
situations: (1) cardiac tumors without a safe puncture path; (2)
the surface of mass is surrounded by large tortuous blood vessels;
(3) preoperative imaging showing significant necrosis within the
lesion or severe coagulation dysfunction; (4) severe dyspnea or
agitation; and (5) friable masses with a high embolic potential,
such as left ventricular tumors or typical cardiac myxomas (11).
As the most common cardiac tumor, the clinical features of
cardiac myxoma depend on the location and size of tumor.
Dyspnea is the most frequent symptom of left atrial myxoma,
which is a characteristic manifestation of mitral valve dysfunction
leading to left-sided heart failure. Conversely, myxoma in the
right atrium may result in symptoms related to right-sided
heart failure. Given that the majority of cardiac myxomas exhibit
embolism should be of particular

a non-cystic structure,

concern, with approximately half of all cases presenting
embolism-related events, including strokes, retinal artery emboli,
and limb embolism (15).

Cystic myxoma is a relatively rare condition that is typically
identified incidentally via TTE. Through searching PubMed, only
a few literatures were found to report the existence of cystic
myxoma as shown in Table 1. Reports have indicated the
presence of feeding arteries into the tumor, originating from
either the left or right coronary artery, potentially leading to
angina (5, 8). We

hypothesize that hemorrhage within the tumor contributes to the

coronary steal phenomenon such as
formation of a cystic mass filled with blood. Moreover, the
stability of this blood-filled cyst requires a sufficient drainage
hole for outlet flow. Diagnosing cystic myxoma requires caution,
as the differential diagnosis includes several other conditions,
such as CBC, hemangioma, hydatid

angiosarcoma, cyst,

thrombus, and metastatic tumors (8, 21).
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TABLE 1 Reported cases of cystic cardiac myxoma in the literature till January 2024.

Numbers

Author, year

Chief complaint Location

1 Okuri H. (16) 54 Male Dyspnea Right atrium 69 X 44 mm
2 Lee KT. (17) 72 Female Dyspnea Left atrium 30 x 30 mm
3 Benezet-Mazuecos J. (18) 59 Female Dyspnea Left atrium 55 x 30 mm
4 Park J. (19) 71 Male Dyspnea Left atrium 53 x 32 mm
5 Acikel S. (5) 38 Female Dyspnea, angina Left atrium 75 % 50 mm
6 Park, KJ. (6) 65 Female Fever, malaise Left atrium 24 x 23 mm
7 Toprak, C. (7) 47 Male Dyspnea Left atrium 58 X 38 mm
8 Liao JM. (20) 35 Female Dyspnea Left atrium 70 x 50 mm
9 Watanabe H. (21) 75 Male Dyspnea Left atrium 54 x 39 mm
10 Shabestari MM. (22) 69 Female Dyspnea, chest pain Left atrium 26 x 25 mm
11 Xie, X. (4) 62 Female Dyspnea Left atrium 35 x 30 mm
12 Ntinopoulos V. (3) 63 Female Dyspnea Left atrium 29 x 22 mm
13 Suzuki T. (23) 44 Male Dyspnea Left atrium N/A

14 Azad S. (24) 11 Male Chest and throat pain Left ventricle 39 X 26 mm
15 Futami S. (8) 73 Male N/A Left atrium 32 x24 mm

CBC, first documented in
uncommon benign cardiac tumor, primarily discovered during

1,844, remains a relatively

autopsy and rarely reported in adults (25). Many patients with
CBC exhibit no symptoms and are often diagnosed incidentally
during routine echocardiography. Nevertheless, CBCs positioned
in the semilunar or atrioventricular valves, as is most commonly
the case, may induce valve dysfunction.

In the present case, given the smooth and thin morphology of
the cyst wall, a CBC was strongly suspected prior to surgery. This
suspicion was further reinforced by the intraoperative observations,
which revealed a blood-filled, balloon-like cyst. Although an
enhanced cardiac CT scan failed to demonstrate any feeding
arteries within the tumor, histopathological examination was
crucial for arriving at a definitive diagnosis. The result revealed a
cyst  wall

exhibiting myxoma manifestations and lacking

endothelial structure, confirmatively indicating a cystic myxoma.

Conclusion

In this case report, we present an extremely rare case of a cystic
left atrial myxoma. Preoperative echocardiography of the patient
revealed a thin-walled cyst, which was further confirmed during
surgery. Additionally, the cystic fluid was found to be bloody,
leading us to initially suspect it as a CBC. However, upon the
histopathological examination of the tissue, it was conclusively
diagnosed as a cystic myxoma rather than CBC due to the
absence of endothelial structure in the cyst wall and the presence
of distinctive histological features of myxoma.
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Missile embolization is rare in penetrating trauma, occurring in 0.3% of cases.
Bullet embolism into the left ventricle is less frequent, with few instances
described in the literature. This paper describes an instance of left ventricular
bullet embolism from the pulmonary venous system following gunshot chest
trauma. A 7-year-old boy sustained a gunshot wound to his chest during an
assault accident. Despite thoracic pain, he remained conscious and exhibited
vital signs. A CXR and CT scan revealed a bullet in the left mediastinum. A left
thoracotomy was performed to remove blood and clots from the pericardium.
The patient was sent to a tertiary referral hospital for further investigation. The
patient underwent elective surgery to remove the foreign body from inside the
heart. The procedure involved a partial thymectomy and pericardial opening,
and the patient was released from medical care after 14 days. After 6 months,
there were no signs or symptoms of cardiothoracic infection or evidence of
mitral valve regurgitation in echocardiography.

KEYWORDS

missile embolization, gunshot, left ventricle, pulmonary vein (PV), foreign body

1 Introduction

Missile embolization is a rare occurrence in penetrating trauma, where an object enters
the bloodstream and travels to another part of the vascular system. In fact, according to a
review of over 7,500 casualties from the Vietnam War, bullet embolization occurred only
in 0.3% of cases (1). Although reports suggest emboli rarely occur in the pulmonary
vasculature and right heart, bullet embolism into the left ventricle following penetrating
chest injuries is considerably less frequent with few instances described in the literature
(2-7). Due to a lack of extensive experience at any single institution, there are several
controversies surrounding appropriate diagnostic and therapeutic approaches for
managing such cases. This paper describes an instance of left ventricular bullet
embolism from the pulmonary venous system following gunshot chest trauma.

2 Case description

The presented case report describes a 7-year-old boy without history of other medical
concerns who was brought to the emergency unit after sustaining a single gunshot wound
to the right side of his chest, resulting from an assault accident while on his way to school.
There was no exit wound. Despite complaining of thoracic pain, the boy remained
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FIGURES 1, 2

According to the CXR, a bullet of 5.5 mm in length was found in the anteroposterior of left part of the mediastinum, gunshot.

conscious and exhibited vital signs, including a blood pressure of
116/79 mm Hg, a pulse rate of 118 beats per min, and a
respiratory rate of 38/min. After examination by a general
surgeon, a chest tube was placed in the damaged thorax (right),
and a small amount of blood and air were released. Further
examination following the relative stability of hemodynamics
revealed an entrance wound near the right side of the sternum at
the level of the third intercostal space. There was no marked
subcutaneous emphysema or jugular venous distention. His
initial hematocrit was 32%. Arterial blood gases did not detect

hypoxemia or acidosis, and an electrocardiogram showed normal

sinus rhythm. Upon conducting a chest radiograph (CXR) and
computerized tomography (CT) scan, it was determined a bullet
(5.5 mm long) was in the left part of the mediastinum (Figures 1,
2). Therefore, a pleuropericardial window is installed through the
left thoracotomy, which removes some blood and clots from the
pericardium. After completing these procedures and receiving
intravenous fluids, the patient’s vital signs became completely
stable, and he was referred to the local hospital with a
cardiologist for further investigation, where echocardiography
was performed and placing the bullet in the left ventricle was
confirmed. Considering the risk of embolization, the patient is

FIGURES 3, 4

The entrance location of the bullet was discovered after right atriotomy and septostomy in the anterosuperior portion of the lower right pulmonary
vein, and the bullet that had been lodged in the posterior chordal lobe of the mitral valve was removed and chest wall was repaired.
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sent to the tertiary referral hospital. Transesophageal
echocardiography (TEE) showed that the right atrium and
ventricle were functioning normally, with a thick particle in the
left ventricle (LV) cavity behind the posterior leaflet and mild
mitral regurgitation (MR). No aortic insufficiency (AI) or
pulmonary vein (PV) stenosis were also observed. In addition,
high-resolution computed tomography (HRCT) revealed left
pleural effusion, scattered sub-segmental atelectasis in both lungs,
and bilateral mild pneumothorax. Due to the possibility of bullet
embolization, the patient underwent elective surgery to remove
the foreign body from inside the heart. The surgical procedure
was conducted via the median sternotomy approach. A partial
thymectomy and pericardial opening were performed. The
quantity of blood and clots evacuated from the pericardium
Although dissection of the mediastinum and the great vessels
was challenging, it was executed without harm. The entry point
of the bullet was found in the anterosuperior part of the lower
right pulmonary vein, which was covered by a clot. After the
right atriotomy, the interventricular septum was split, and the
bullet stuck in the posterior chordal lobe of the mitral valve was
released and removed (Figure 3). Then the septum between the
atrium and right atrium and the pulmonary vein are damaged
and repaired, and after coronary perfusion is established and
normal heart contractions return, cardiopulmonary bypass is
stopped and the chest wall is repaired (Figure 4). Following the
closure of the sternum, the patient was transferred to the
intensive care unit and was deemed to be in stable condition.
The patient underwent extubation within the initial 24 h
following the surgical procedure. The individual achieved
full recuperation and was released from medical care after
14 days. During a subsequent 6-month evaluation, the patient
continued to exhibit a state of well-being, and there were no
symptoms or signs of cardiothoracic infection or evidence of

MR in echocardiography.

3 Discussion
Missile embolism is a rare subtype of foreign body
embolization that can occur as a complication of gunshot
injuries. In such cases, the missile enters the vessel or cardiac
cavity but loses its kinetic energy and remains within the lumen
instead of passing through. Embolization becomes a concern
when there is no exit wound for the projectile, and it can be
located distant from its expected trajectory. While most instances
occur shortly after injury, delayed occurrences ranging from days
to years have also been reported in the literature (8, 9). The
incidence of this phenomenon has been reported to be 0.3% in
the Vietham War and 1.1% in more recent conflicts, such as the
Afghanistan and Iraq Wars. However, its occurrence in civilian
populations remains unknown, although it may be higher than
in military settings due to the lower velocity and kinetic energy
of civilian weapons (1, 10, 11). As previously mentioned, most
venous emboli migrate with the direction of blood flow and are
typically found in the pulmonary arterial system or right heart
(12). Missile emboli to the left heart are infrequent and occur via
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direct injury, entry through the pulmonary venous system, or a
patent foramen oval (13). Symbas conducted a literature review
spanning from 1940 to 1988 and found that out of the 201
patients with retained missiles in their hearts, the majority (87%)
were due to direct injury to the heart or pericardium. The
remaining 13% (n=27) were caused by an embolization
originating from a distant site of injury. Of those, 81% had an
injury occur within a systemic vein resulting in embolization to
the right heart, while only one patient experienced damage to a
pulmonary vein leading to embolization on the left side of the
heart. For the remainder of the cases studied, it was unclear
where exactly entry into circulation occurred (12). According to
Advanced Trauma Life Support principles, stabilization is crucial
in penetrative chest trauma. This involves performing life-saving
interventions such as endotracheal intubation, placement of chest
tubes, transfusion of blood products, or emergency department
thoracotomy. In an unstable patient, even during the initial
assessment, a chest x-ray study is vital because it provides
information concerning the location and potential trajectory of a
projectile if present, which can determine if there is the absence
or presence of pneumothorax or hemothorax. The presence of a
blurred appearance around the heart on an x-ray indicates a

movement that may indicate intracardiac or pericardial
positioning (14). Patients with stable hemodynamics presenting
with projectiles within their hearts pose diagnostic and

therapeutic challenges that require accurate localization and

evaluation for associated injuries using multidisciplinary
approaches, including surgical intervention radiographic analysis,
endoscopy, or bronchoscopy. Using a CT scan represents an
ideal imaging modality to localize projectiles accurately and
ensure evaluation for associated injuries, including pulmonary
parenchyma injury assessment and thoracic vascular structures
assessment; whereas tracheobronchial tree damage on top
esophagus injury judging is possible with this method (15, 16).
In cases where there are apprehensions regarding injuries to the
aforementioned structures, it is recommended to employ
esophagoscopy or esophagogram and bronchoscopy to evaluate
the esophagus and tracheobronchial tree, respectively. An
intracardiac  projectile can be localized through various
modalities, such as TTE (transthoracic echocardiography), TEE,
fluoroscopy, and coronary angiography. TTE is useful for
unstable patients, as it can quickly confirm or rule out the
presence of a pericardial effusion that may require operative
TEE is to TTE in

determining the precise location of the projectile and the extent

intervention (17). However, superior
of myocardial damage, injury to valves, or septum. Fluoroscopy
may be helpful when echocardiography fails to determine bullet
location accurately (18-20). The control of intracardiac bullets in
stable patients is a topic of debate within the medical community
due to the challenges in predicting long-term outcomes, which
can vary from asymptomatic to severe and life-threatening. The
occurrences related to a projectile are influenced by various
factors such as the site, size, shape, and mobility. it is imperative
to tailor treatment to the specific characteristics of the projectile
(21) for instance, Nagy et al. expressed that tiny projectiles
measuring 5 mm, situated bilaterally adjacent to the heart,
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their smooth contours and

intramyocardial embedding, typically exhibit no symptoms and

characterized by complete

may be conservatively managed without intervention (22).

4 Conclusion

The removal of intracardiac missiles is not always necessary. A
limited number of patients who present at medical facilities with
vital signs after experiencing penetrating trauma and bearing a
within the heart
and hemodynamic

foreign  object necessitate  expeditious

resuscitation stabilization. Management
strategies should be tailored to each specific case. If there are
missiles that are completely embedded in the heart and do not
they

intervention. On the other hand, any missiles that cause

cause any symptoms, can be monitored without
symptoms should be removed. Missiles that are asymptomatic
and located on the left side of the heart should be removed to
prevent systemic embolization and potential peripheral or
cerebral ischemia. Likewise, asymptomatic missiles on the right
side of the heart should be removed to prevent pulmonary
emboli if they are larger than 5 mm. However, if a right-sided
missile has already embolized the pulmonary circulation but is
located peripherally and the patient remains asymptomatic, it can

be observed without intervention (23).
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Case Report: Totally endoscopic
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a case series
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A totally endoscopic minimally invasive approach is widely used for cardiac valve
surgery in normal adults. However, minimally invasive cardiac surgery during
pregnancy is rarely reported. In addition to traditional median thoracotomy,
totally endoscopic minimally invasive approaches can now be used for
pregnant patients. We describe our experience with totally endoscopic cardiac
valve surgery (TECVS) during pregnancy, which is safe for both mothers
and fetuses.

KEYWORDS

total endoscopy, cardiac valve surgery, pregnancy, cardiopulmonary bypass, minimally
invasive

Introduction

Heart disease is the primary cause of maternal and fetal death in 1%-4% of
pregnancies (1). Cardiac surgery is recommended only when medical therapy or
interventional procedures fail and the mother’s life is threatened (2). This is likely due
to the difficulty of performing cardiac surgery during pregnancy and the complexity of
multidisciplinary cooperation with important departments, such as obstetrics. We
herein introduce our approach to TECVS during pregnancy.

Description of the cases

In all patients, general anesthesia was managed. Patients were placed in the 20°
counterclockwise lateral decubitus position with a mat under the right shoulder. The
right upper arm was positioned horizontally to the thorax. A venous cannula was
placed in the superior cava vein through the jugular vein by an anesthesiologist. The
cannula for cardiopulmonary bypass (CPB) was passed through the femoral vessel.
After a 2 cm-2.5 cm long skin incision was made in the right groin, the femoral vein
was sutured to the femoral artery with one layer of 3-0 Prolene sutures and two layers
of purse sutures before puncture at the midpoint under transesophageal
echocardiography (TOE) guidance. The guidewires were removed after TOE-guided
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confirmation that the venous catheter had been placed in the right
atrium and that the arterial catheter had been placed in the
ascending aorta.

The 3-port minimally invasive cardiac surgery technique was
mastered (Figure 1A). The system includes a main working port,
an auxiliary working port and one camera port. This technique
is significantly less likely to damage the mammary gland. A two-
dimensional (30° oblique view) thoracoscope was inserted
through the camera port. The aortic cannula was placed
through the main working port, and the left heart drain was
placed through the auxiliary working port (Figure 1B). Fetal
heart throughout the
(Figures 1C,D). The technique allows real-time intraoperative

rate was monitored procedure
monitoring of specific fetal heart rate changes as well as
contraction pressures.

To reduce the impact of CPB, we did not start CPB until the
aortic purse string suture was completed. We proposed pulsatile
flow perfusion, normothermic perfusion (>35°C) and high-flow
rate (>2.5 L/min/m?) perfusion. In addition, phenylephrine can
be used to maintain a systolic pressure >70 mmHg to ensure
placental perfusion. To minimize the duration of the procedure
as much as possible, experienced surgeons and nurses must
collaborate effectively during surgery. Patients were weaned from
CPB as soon as possible, and the femoral vessel cannula was
removed. Warfarin was used for anticoagulation, and the
international normalized ratio (INR) was monitored weekly or
every 2 weeks. Low-molecular-weight heparin was used for one
week before delivery.

Results

From January 2019 to September 2022, a total 9 patients,
including 4 advanced age mothers, underwent totally endoscopic
cardiac valve surgery (Table 1). Eight patients were categorized
as NYHA class II, and one patient was NYHA class III. Mitral
valve replacement was performed in 6 (66.7%) patients. One
(11.1%) patient underwent mitral valve repair, tricuspid repair
and left atrial appendage closure (Figures 2A-C). The CPB time,
aortic cross-clamp (ACC) time and thoracic drainage volume
during the first 24 h after surgery were 89.7 + 13.4 min, 58.3 +
11.5min and 260.0 +126.1 ml, respectively. The durations of
mechanical ventilation, intensive care unit (ICU) stay and
postoperative hospital stay were 3.7+29h, 33.3+22.8h and
53+2.2 days,
delivered via cesarean section. Only one of the newborns was

respectively. Six (66.7%) pregnant women

born prematurely (34" weeks). Both the 1- and 5-minute
APGAR scores for all the newborns was 10. Vaginal bleeding
occurred in the operating room immediately after surgery in a
pregnant woman (16** weeks), and fetal ultrasound revealed no
fetal heart rate. In addition, there were two cases of fetal loss
after discharge. Two months after surgery, labor was induced for
Patient No. 1 due to fetal nervous system abnormalities. Patient
no. 2 underwent induction of labor because of personal reasons 6
days after surgery (Table 2).
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FIGURE 1

The figure shows the spatial layout of the 3-port minimally invasive
cardiac surgery technique (A,B). Continuous fetal heart rate
monitoring during surgery (C,D).

Discussion

Compared with median thoracotomy, TEVAR has more
advantages for normal patients, such as smaller wounds, less
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TABLE 1 Preoperative details of the individual patients.

LVEF (%)

Patient Cause of Diagnosis
disease
1 11 v 28 21%¢ IE Severe MR, moderate MS 60 80
2 I v 39 18*¢ RHVD Severe MS, moderate MR 62 45
3 11 v 37 18*° RHVD Moderate to severe MS, Moderate to 63 62
severe MR
4 111 v 34 32 RHVD Severe MS, mild MR 76 60
5 11 v 28 24 RHVD Moderate to severe MR, moderate MS 72 57
6 11 v 43 23 RHVD Severe MR, mild MS 73 54
7 11 v 36 21 RHVD Moderate MS, moderate MR, severe 59 37
TR, PFO
8 1I v 28 16%2 RHVD Extremely severe MR 65 48
9 1I II-111 33 27+ RHVD Severe MR 74 30

NYHA, New York Heart Association; GA, gestational age; IE, infective endocarditis; RHVD, rheumatoid heart valve disease; MR, mitral regurgitation; MS, mitral stenosis; TR,
tricupid regurgitation; PFO, patent foramen ovale; PAP, pulmonary arterial pressure.

lifting so that the mother can feed the baby (4). Moreover, scars
were less noticeable. In addition, the efficacy of TECVS was not
affected by the patient’s weight, especially obese pregnant
patients, and the mitral and tricuspid valves are better exposed in
TECVS (5). Moreover, less postoperative pain is good for
maintaining intrauterine pregnancy, which is critical for fetal
survival and growth.

Pregnant patients and fetuses are significantly less tolerant of
cardiac surgery than healthy adults are. The timing of surgery is
crucial. In terms of fetal safety, if the operation starts too early,
fetal teratogenesis (6) can easily occur, possibly leading to
premature birth. The best period for surgery is between 13 and
28 weeks of gestation (2). However, it is worth noting that we
successfully performed the surgery 32 weeks of gestation, and a
full-term fetus was successfully delivered. However, one patient
underwent surgery at 16 weeks of gestation, at which point
the fetus died. Therefore, the best period for surgery deserves
further study.

According to the modified World Health Organization (WHO)
classification, all patients was class IV, which indicated that the
maternal cardiac event rate was 40%-100% (2). The fetal
mortality rate during CPB remains high (~20%) (7). There are
three unique pathophysiological changes in pregnancy during
CPB: uterine contraction, placental hypoperfusion and fetal
hypoxia (8). Most researchers agree that pulsatile flow perfusion,
normothermic perfusion (>35°C) and high-flow rate (>2.5 L/min/
m?) perfusion are beneficial’. Blood pressure was unstable
according to our observations. We propose using phenylephrine
to maintain a systolic pressure >70 mmHg to ensure placental
perfusion. With the cooperation of perfusionists, it was feasible
to start CPB just before ACC and end CPB as soon as possible.
This approach was the most direct way to reduce CPB time.

FIGURE 2
The figure shows the results of mitral valve replacement (A), mitral
annuloplasty (B), and tricuspid annuloplasty (C).

The primary aim of TECVS is to cure cardiac valve disease
while also protecting the fetus. The fetal mortality rate for

cardiac surgery in pregnancy is approximately 30% (9). In our

case series, 1 fetus (No. 8) died during surgery. We believe that
this may be because both her CPB time and ACC time were

pain, less blood loss and shorter hospital stays (3). TECVS is a
suitable option for pregnant women. The integral sternum allows
better upper extremity movement and does not restrict weight

Frontiers in Cardiovascular Medicine

above average and because she was in the early weeks of
pregnancy. The fetuses of the other two patients died during the
follow-up period. Patient No. 1 had fetal nervous system
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TABLE 2 Results of individual patients.

10.3389/fcvm.2024.1300508

Patient No. | Surgical procedure | CPB (min) | ACC (min) | MV (h) | ICU (h) | PODS (d) Outcome
Maternal Fetal
1 MVR (ST].#25) 92 64 5 39 5 Survived Died, 35 weeks
2 MVR (STJ.#27) 75 47 4 22 8 Survived Died, 20 weeks
3 MVP (EL.#26) 90 69 6 22 5 Survived Alive, full term
4 MVR (Lanfei.#27) 67 43 10 22.5 3 Survived Alive, full term
5 MVP (EL.#26) 77 45 3 29 5 Survived Alive, full term
6 MVR (EL.#27) 96 57 0 37 4 Survived Alive, premature
7 MVP (EL.#30) 96 57 1 19 5 Survived Alive, full term
TVP (EL.#28)
LAAO, PFOC
8 MVP 102 63 40 94 10 Survived Died, the day after surgery
9 MVP 112 80 2 15 3 Survived Alive, full term

CPB, cardiopulmonary bypass; ACC, aortic cross-clamp; MV, mechanical ventilation; ICU, intensive care unit; PODS, postoperative days; PFOC, patent foramen ovale
closure; MVR, mitral valve replacement; MVP, mitral valvuloplasty; TVP, tricuspid valvuloplasty; LAAO, left atrial appendage occlusion.

abnormalities. This case is the first in her and her husband’s
immediate family. She had been taking low-dose warfarin during
her pregnancy. We believe that this patient’s warfarin use may
have caused fetal death, but we lack additional imaging evidence.
Fetal death and fetal warfarin syndrome have also been reported
with low-dose warfarin (10). The death of fetus No. 2 was
chosen by the patient of her own accord, and there was no
abnormality in the fetus at the time.

A multidisciplinary team is best suited for providing optimal
support during the procedure. The participants included cardiac
surgeons, obstetricians, anesthesiologists, perfusionists and nurse
specialists. Anesthesiologists were responsible for ensuring a NRS
score <3. Obstetricians immediately assessed the condition of the
fetus after surgery and examined the patient in the hospital at
least once per day. Atosiban acetate was injected to suppress
uterine  contractions when necessary. After discharge,
transthoracic echocardiography was recommended for pregnant
patients. All patients gave birth at our medical center under the

care of a multidisciplinary team.

Conclusions

To our knowledge, cardiac valve surgery during pregnancy
poses a serious challenge. Our report suggested that TECVS can
be an option for pregnant patients and that fetuses could be
maintained with intrauterine pregnancy. Studies with more
patients and longer follow-up periods will be performed in
the future.
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Retrosternal hematoma

causing torsade de pointes after
coronary artery bypass graft
surgery; a case report
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Myocardial infarction is among the top causes of mortality worldwide. Survivors
may also experience several complications. Infarct-related torsade de pointes
(TdP) is an uncommon complication. In the context of myocardial infarction,
coronary artery bypass graft (CABG) surgery is the prevalent therapeutic
modality associated with several early and late complications. Ventricular
tachyarrhythmias, including TdP, because of electrical inhomogeneity, would
potentially be a lethal complication of CABG. Here, we report the occurrence
of medically intractable TdP in the presence of an uncommon case of a post-
CABG retrosternal hematoma. Arrhythmia was properly resolved after
hematoma removal surgically. It showed the possibility of a “cause and effect”
relationship between these two complications. This unique case emphasizes
the post-CABG medically-resistant TdP, considering the mechanical pressure
effect of retrosternal hematoma that stimulates this potentially malignant
arrhythmia, especially in the absence of electrolyte disturbances and evident
symptoms of ongoing ischemia.

KEYWORDS

myocardial infarction, coronary artery bypass, torsades de pointes, cardiac tamponade,
case report

Introduction

Myocardial infarction (MI), especially ST-elevation MI (STEMI), is among the top
causes of mortality worldwide, responsible for at least 15% of mortality each year (1).
Although emergency management, especially coronary artery bypass grafting (CABG)
and percutaneous intervention, reduced its mortality rate (2), several complications are
observed in the survivors, such as post-MI mechanical complications and electrical
disturbances (3). Complications are sorted into early and late events, most requiring
emergency interventions (4).

Arrhythmias and conduction disturbances, such as ventricular fibrillation (VF),
ventricular tachycardia (VT), and many other arrhythmias, are not uncommon
complications, both in early and late stages even after CABG that needs medical and
sometimes surgical intervention (5). Polymorphic VT in the setting of acute MI is
commonly observed; however, acquired long QT syndrome infarct-related torsade de
pointes (TdP) is uncommon (6). Because this complication is potentially lethal, paying
greater attention to its manifestations and associated clinical signs and symptoms is
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important for accurate and on-time diagnosis and treatment.
Considering the few cases reported in the literature, reporting
characteristics and outcomes of new cases can help increase the
physician’s knowledge about this lethal complication in the post-
CABG status. Accordingly, in the present study, we report a drug-
resistant TdP in the presence of retrosternal hematoma as an early
CABG, which frequently stimulated
arrhythmias, and finally stopped after hematoma removal surgically.

complication  after

Case presentation

The patient was a 69-year-old man with a positive history of
diabetes mellitus, admitted to the emergency department with the
chief complaint of retrosternal pain, accompanied by nausea and
dyspnea, for several hours before admission. He was diagnosed with
an inferolateral ST-elevation MI, accompanied by a prolonged QTc
interval on the first electrocardiogram (ECG) (Figure 1) and
transferred to the catheterization laboratory for emergency coronary
angiography, which revealed significant stenosis in the terminal end
of the left main artery, in addition to advanced three-vessel disease.
Accordingly, CABG was recommended.

He was admitted to the cardiac surgery ward for about 10 days
to control his blood sugar and become prepared for the surgery.
During this period, no ventricular arrhythmia was recorded. The
serum levels of potassium, magnesium, and calcium were
evaluated, all of which were in the normal range. The follow-up
echocardiography showed dilated left ventricle (LV) with global
hypokinesia and severe LV dysfunction, LV ejection fraction (EF)
of 25%, a huge apical aneurysm, a large semi-mobile apical clot
(its area was equal to 2.4 cm?), and grade II diastolic dysfunction.

10.3389/fcvm.2024.1331873

Accordingly, CABG (one arterial and two vein graft:
LIMA-LAD, SVG-OM, and SVG-PDA) was done with LV
aneurysmectomy, LV clot removal, and intra-aortic balloon pump
(IABP) insertion. Aortic clamp time was 50 min, cardiopulmonary
bypass (CPB) time was 90 min, and total operation duration was
200 min. Two chest tubes were inserted for the patient in the
substernal and left pleural spaces. After the surgery, he was
transferred to the cardiac surgery intensive care unit (ICU). The
post-CABG ECG of the patient (in ICU) illustrated normal sinus
rhythm with low voltage QRS, and bigeminal ventricular
extrasystole (PVCs) with short coupling interval (R on T wave;
Supplementary Figure S1).

The day after the surgery, the serum level of hemoglobin was
9 mg/dl, and he was transfused with one unit (400 ml) packed
cell. On the same day, anti-platelet therapy started, and IABP
was removed (24 h after the surgery). On the first day 600 ml
was darianed, and on next day (48 h after the surgery), 100 ml;
the chest tube was removed after 48 h. On the same day (2 days
after the surgery), he developed recurrent episodes of TdP
(Figure 2), into VEF,
cardiovascular collapse. Hence, he was re-intubated and received
200 J DC shock, in addition to 2 g IV lidocaine plus 24 g IV
magnesium sulfate in a 24-h infusion. Moreover, because of

one of them degenerated causing

persistent low systolic blood pressure, IABP was re-inserted. The
serum levels of cardiac enzymes (such as high sensitivity
troponin I) and the electrolytes were normal. The patient’s LVEF
was 25%-30% on the third postoperative day.

After a couple of days, IABP was removed, and the patient was
extubated. While serum levels of electrolytes were within the
normal range, long QTc remained. Accordingly, IV infusion of
magnesium sulfate and lidocaine continued for more following 5

FIGURE 1

findings compatible with inferolateral STEMI.

VRS e s

The first ECG on arrival and before CABG, which illustrates normal sinus rhythm with low voltage QRS and prolonged qTcB (505 ms), in addition to

V5

V6
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days. Several episodes of sustained and non-sustained TdPs were
noted during this period, managed by DC shocks when
sustained, resulting in decreased blood pressure. These treatment
modalities helped the patient return to sinus rhythm each time.
Meanwhile, a bedside transthoracic echocardiography by an
expert cardiologist echocardiographer showed a large-size
retrosternal hematoma, which extended to the apicolateral of the
RV with a compression effect over the RV-free wall. A chest

computed tomography (CT) with intravenous contrast was

performed for a more accurate evaluation of the hematoma.
Post-contrast scan illustrated a high soft tissue density lesion in
the anterior mediastinum with Hounsfiled unit (HU) consistent
with clotted blood (Figure 3). After retrosternal clot removal by
the second surgery, the patient’s malignant arrhythmia stopped
without any other interventions. Antiarrhythmic drugs stopped
and the patient stayed in the hospital for another 2 weeks for
close follow-up. Considering in-hospital repeated episodes of TdP
before the second surgery, as well as persistent long QTc post-

FIGURE 3

(A) Post-contrast axial CT scan image during pulmonary arterial phase, which shows high soft tissue density lesion in the anterior mediastinum with
hounsfiled unit (HU) consistent with clotted blood (HU = 81). Also note the presence of mild left-sided bloody pleural effusion (HU = 45), associated
with the underlying collapse of the posterior basal segment of the left lower lobe and a lesser degree of segmental atelectasis of the posterior basal
segment of the right lower lobe, all secondary to recent CABG operation. (B) MPR images show narrowing of RVOT secondary to external pressure
effect by retrosternal hematoma (arrows).
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second surgery, he underwent uneventful single chamber
implantable cardioverter defibrillator (ICD) implantation. During
his 12-month follow-up, ICD analysis showed no high ventricular
rate, despite the existence of long QT on several ECGs taken
during this follow-up period. Historical care is organized as a
timeline (Table 1).

Considering the patient’s perspective, he appeared cooperative
and established a friendly patient-physician relationship. He had
some extent of anxiety, considering the persistant arrhythmia that
resulted in longer hospitalization; but after the second surgery that
resulted in clinical improvement, the patient’s anxiety faded away,
and he went home satisfied with the care he received.

Discussion

Here, we reported a patient with TdP arrhythmia after CABG,
resolved by the removal of the retrosternal hematoma. Considering
the wide range of factors inducing TdP after CABG, we reported
this case to emphasize that the etiology of arrhythmia has to be
discovered first, and the treatment should be selected accordingly.
Supraventricular arrhythmias, especially atrial fibrillation, are very
common after cardiac surgery and affect the prognosis and
duration of hospital stay (7, 8). Similarly, ventricular arrhythmias
are also observed secondary to MI and/or CABG with several

TABLE 1 Timeline of the historical care organized by time.

10.3389/fcvm.2024.1331873

patient- and surgery-related risk factors (9). Finding the cause of
arrhythmia formation can help the physician to treat it before it
leads to fatal complications.

The type of arrhythmia in the patient reported here was TdP, a
rare malignant arrhythmia that is a specific form of polymorphic
VT occurring in the context of QT prolongation (10).
Interestingly, our patient presented with long QTc at the time of
referral (before the surgery). A review of all cases (available in
the literature) suggested cardiac surgery and craniotomies
accounting for 40% of all cases with perioprative TdP (11).
Reports suggest that TdP is probably not the direct effect of
CABG, but related to CABG complications (12-14), such as
ischemia (due to graft failure) (12) or co-administartion of Q-T
prolonging drugs (like amiodarone) in the perioperative period
(13, 15). It is important to remember that prolonged QTc is
multifactorial and can occur by genetic and inhertited causes, as
well (14). But, the exact cause of pre-surgical QT prolongation
was not clarified in our patient, because the genetic testing was
not done (due to the patient’s financial inability); also, the
patient did not take any Q-T prolonging drugs. Q-T prolonging
drugs are found responsible for at least one-third of cases with
perioperative TdP (11); some patients who develop drug-induced
TdP are silent carriers of gene mutations related to prolonged
QTc (16). While TdP development as a result of medications (like
terfenadine and cisapride) is a cause of withdrawal, many other

Clinical signs and Imaging or Results Physician’s decision
symptoms intervention
24.01.2022 1 Retrosternal pain, nausea, dyspnea | ECG ST-elevation MI + prolonged QT interval Advised to undergo emergency
coronary angiography
24.01.2022 1 The patient was admitted Emergent coronary Stenosis in the terminal end of left main artery + | CABG was recommended
angiography advanced 3VD

24.01.2022- 1-11 | Admitted to cardiac surgery ward | Serum analysis Normal serum level of potassium, magnesium, | Close observation in the ward

03.02.2022 for controlling blood sugar and calcium

24.01.2022- 1-11 | Blood sugar was controlled Echocardiography Dilated LV + hypokinesia and severe LV CABG with LV

03.02.2022 dysfunction, EF =25%, apical aneurysm + apical | aneurysmectomy
clot, grade II diastolic dysfunction

03.02.2022 11 Transferred to operation room Surgery CABG + aneurysmectomy + clot removal with Transferred to intensive care
TABP insertion unit

05.02.2022- 13-18 | Recurrent episodes of TdP, ECG 200 J DC shock +2 gr IV lidocaine + 24 gr Follow-up

10.02.2022 resulting in VF and cardiovascular magnesium sulfate in 24-h infusion

collapse TABP was re-inserted
07.02.2022 15 Hemodynamically stabilized IABP was removed, Normal serum level of electrolytes + remained Continue magnesium sulfate
extubated long QT interval and lidocaine infusion for 5
days

05.02.2022- 13-18 | Sustained and non-sustained TdP | DC shock + treatment | Return to sinus rhythm each time, but relapsed | Echocardiography

10.02.2022 of hypotension

10.02.2022 18 | Sustained and non-sustained TdP | Echocardiography Large retrosternal hematoma compressing the Chest CT
free wall of right ventricle

10.02.2022 18 Sustained and non-sustained TdP | Chest CT with contrast | high soft tissue density lesion in the anterior Second surgery
mediastinum with Hounsfiled unit consistent
with clotted blood

11.02.2022 19 | Admitted to the operation room | Second surgery Removal of retrosternal clot Stay in hospital for 2 weeks

23.02.2022 31 Underwent ICD implantation Uneventful ICD-VR implantation OPD follow up

25.02.2022 33 Discharged from hospital Plan ICD analysis and programming Follow-up for a year

26.02.2023 A year | OPD visit and ICD analysis every No high ventricular rate had recorded over the | Follow-up

later | three months over the following one-year ICD follow up analysis
year

ECG, electrocardiography; MI, myocardial infarction; 3VD, three-vessel disease; LV, left ventricle; CABG, coronary artery bypass surgery; EF, ejection fraction; IABP,
intra-aortic balloon pump; TdP, torsad de point; VF, ventricular fibrillation; CT, computed tomography.
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medications (like amiodarone and ranolazine) are still on the
market, as they mainly cause prolonged QTc, but rarely TdP.
Bearing in mind that the cumulative effect of two QTc-prolonging
agents increases the risk in the patient, it is necessary to consider
drug interactions (mediated through cytochrome P540) in the
perioperative period (17, 18). Other risk factors of prolonged QTc
include female sex, higher age, electrolyte abnormalities, anorexia
nervosa, heart conditions (such as bradycardia, left ventricular
dysfunction, heart failure, mitral valve prolapse, and MI), and
medical (like
hypokalemia, hypertension,

other conditions renal/hepatic
diabetes

hypothyroidism, pituitary insufficiency, injury to the central

dysfunction,
hypoglycemia, mellitus,
nervous system, malnutrition, and obesity) (18-20). Uncommon
causes, like coronary atherosclerotic plaque rupture after thoracic
trauma, have also been reported (21). There are also reports of
patients with subdural hematoma (following head trauma),
found to have TdP during admission (22-24). Some have also
reported TdP as the presenting sign of cerebral hemorrhage
(25). Therefore, it is necessary to pay attention to the multiple
risk factors of TdP development and prevent co-adminstration
of factors that increase the risk of TdP development and
consider cases who are more susceptible to this arrhythmia, in
order to diagnose it at an early stage and implement
therapeutic strategies before fatal complications occur.

The case presented here had none of the above-mentioned causes;
but, another rare postoperative complication was observed that we
speculate it as the main cause of TdP formation. In this case,
imaging investigations (accurate examinations by echocardiography
and CT scan) showed a post-CABG retrosternal hematoma, causing
localized tamponade. Hematoma, caused by the leaking of blood
from an aneurysmectomy/aneurysmorrhaphy site, is listed among
common postoperative complications of CABG; but not as a cause
of post-CABG TdP. Hematoma,
complication, as it can rarely compress the heart and arteries and

alone, is an important
may even cause superior vena cava syndrome (26) and tamponade,
which lead to shock and death in the patients (27). Therefore,
diagnosis is essential; previous studies have suggested CT scan as an
accurate diagnostic tool for post-CABG epicardial and retrosternal
hematoma formation (28, 29). We could also detect the details of
the developed hematoma by CT scan successfully. This case shows
the necessity to closely observe any patient who develops
hypotension after CABG. Fortunately, our case was diagnosed
appropriately and saved by appropriate treatment.

The need for re-operation has been reported previously in
patients with post-CABG hematoma (29-34). We also removed
the hematoma with a second surgery. A notable issue in our
patient was the resolution of TdP after this (second) surgery,
which suggests that the development of TdP after the first
surgery could have been caused by the pressure effect of
hematoma on the heart or small coronary arteries, which could
lead to ischemia. We did not observe a similar case reporting an
association between retrosternal hematoma and medically
intractable TdP. This finding [resolution of arrhythmia after the
second surgery (hematoma removal)] in our case suggests a
“cause and effect” relationship between hematoma and drug-
resistant TdP, which is of great significance, considering the
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challenging treatment of TdP (35). Therefore, post-CABG
hematoma should also be considered in cases who have sustained
or recurrent TdP arrhythmia.

Other rare points documented in the present case report
include the time and site of the hematoma. Development of
hematoma at the early postoperative phase has been only
reported in a few cases before (32, 33); most of the cases with
true hematoma are reported at the delayed phase after CABG
(29-31), while most of the early cases are found to be
pseudoaneurysms. Therefore, hematoma should be considered in
the differential diagnoses of patients with early postoperative
complications, as well. Also, the common sites of post-CABG
hematoma are pericardial (29, 34) and very rarely retrosternal
(like our case). The concurrency of retrosternal hematoma and
TdP in our patient was a rare finding, and the resolution of this
malignant arrhythmia by removal of hematoma was an
important finding that has to be noted in future studies.

Conclusion

Retrosternal hematoma can form after CABG as an early
postoperative complication. Arrhythmias may also occur or aggregate
as a result of surgery. Co-ocurence of retrosternal hematoma and
arrhythmia (drug-resistant TdP) after CABG has been noted in the
present case, as a rare finding. Bearing in mind that TdP is a
malignant arrhythmia and may result in fatal complications, it is
important to find the exact cause of TdP occurrence, among the
multiple risk factors, in order to find an appropriate treatment; many
cases are refractory to conventional treatments. In the case presented
here, the resolution of both post-CABG complications after the
second surgery, removal of hematoma, suggested the possibility of a
“cause and effect” relationship between hematoma and TdP. This
finding has not been reported previously, and our finding suggest
that physicians should consider surgical removal of hematoma for
the treatment of similar cases, who develop resistant TdP. However,
further studies are required to confirm this finding.
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Introduction: Transcatheter mitral valve replacement (TMVR) is a valuable
treatment option in patients with severe mitral regurgitation. Prior transapical
transcatheter aortic valve replacement (TA-TAVR) may complicate the
procedure and is therefore considered a relative contraindication. In this case
report, the authors describe the successful TMVR as a tertiary cardiac surgery
and transapical redo procedure.

Case Summary: An 83-year-old male patient, suffering from dyspnoea and
angina, was diagnosed with severe mitral valve regurgitation (MR). He had
already undergone cardiac surgery in the form of coronary artery bypass
grafting at the age of 64 and TA-TAVR at 79 years. After a failed attempt at
mitral valve transcatheter edge-to-edge repair, he opted for TMVR. Pre-TMVR
computed tomography simulation was used to analyse possible interactions
between the prostheses and to predict the neo-left ventricular outflow tract
(neo-LVOT). The operation was carried out without complications. There was
no bleeding and the LV function remained unchanged. On MRI, the valves
were perfectly aligned without any signs of paravalvular leakage or LVOT
obstruction. The patient was discharged seven days postoperatively. At the
one-year follow up, there was no need for rehospitalisation and the patient
had clinically improved (from NYHA IV to ll). Echocardiography demonstrated
a mean transvalvular gradient of under 5 mmHg and no residual MR.
Conclusion: A redo transapical access for TMVR as a tertiary cardiac operation
can be easily performed. Pre-operative CT suggested good alignment of the
aortic and mitral valved stent which was confirmed postoperatively.

KEYWORDS

TAVR, TMVR, Tendyne, redo transapical access, case report

Introduction

Transcatheter mitral valve replacement (TMVR) has become a valuable treatment
option in patients with severe mitral regurgitation (MR). Previous aortic valve
replacement is considered a relative contraindication for the procedure due to the risk
of left ventricular outflow tract (LVOT) obstruction and interactions between the two
prostheses and anchoring mechanism. Moreover, in transapical redo surgery,
complications at the access site may occur. In this case, the authors describe the
successful TMVR as a tertiary cardiac surgery using the Tendyne™ system.
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Case presentation and diagnostic
assessment

An 83-year-old male patient presented with dyspnoea and
angina under cardiac decompensation (NYHA III). He had
previously been treated with coronary artery bypass grafting for
severe three-vessel disease at the age of 64 and transapical
transcatheter aortic valve replacement (TA-TAVR, 29 mm S3) for
aortic valve stenosis at 79 years. Coronary treatment was
complemented by percutaneous coronary intervention and
stenting of the PL branch, also at 79 years. Moreover, he was
known to have arterial and pulmonary artery hypertension,
chronic obstructive lung disease and peripheral artery disease
with a history of bilateral femoropopliteal bypass surgery
(Table 1). Before the start of the complaint, he lived at
home independently.

On admission, blood pressure was elevated (180/100 mmHg);
heart rate (71 bpm) and room air oxygen saturation (98%) were
normal. Pulmonary auscultation revealed reduced breathing
sounds, in line with pulmonary oedema in the thoracic x-ray.
The ECG showed a normal frequency sinus rhythm with left axis
deviation and bifascicular block. Echocardiography revealed
severe secondary mitral valve regurgitation (MR) with an

2 with a

effective regurgitation orifice area (EROA) of 29 mm
vena contracta width of 7 mm, and a regurgitation volume of
50 ml. The left ventricular function was moderately impaired
(ejection fraction 36%, left ventricular end diastolic volume
215 ml) tricuspid regurgitation.
Laboratory analysis on admission revealed elevated of NT-
proBNP (6,417 ng/L). Due to elevated troponin T with an

increasing trend, coronary angiography was performed, excluding

and there was moderate

renewed coronary stenoses.

Therapeutic intervention

The patient was discussed by a multidisciplinary heart team
and initially primed for mitral valve transcatheter edge-to-edge
repair, but the procedure was not successful due to strong
tethering of the posterior leaflet. Considering the high-risk profile

TABLE 1 Patient timeline.

Timeline

1999 Bilateral femoropopliteal bypass surgery
2003 Coronary artery bypass grafting (RIMA to LAD, SVG to PDA and PL)
09/2018 Cardiac decompensation NYHA IV
09/2018 PCI and stenting of PL branch
11/18 Transapical TAVR (29 mm S3)
06/22 Onset of angina and dyspnoea NYHA III-IV
- Exclusion of relevant coronary stenoses
- Diagnosis of severe MR
08/22 Failed TEER
09/22 TMVR (Tendyne 29 L)
09/22 Discharge home in good clinical condition
09/23 Follow-up at 12 months: good clinical condition, living independently
at home, dyspnoea (NYHA 1II)
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(STS-Score 7.5%, EuroScore II 35.4%) the patient opted for
TMVR with the Tendyne® system.

Pre-procedural computed tomography (CT) simulation was used
to determine the ideal access and exclude interactions between the
mitral and aortic valve prosthesis. Special attention was paid to the
neo-LVOT, which was predicted to have 10.6 mm (Figure 1A).

TMVR  was
fluoroscopic

performed under and
the
thoracotomy for transapical access. The partially pulmonary

adhesion was carefully dissected from the thoracic wall and the

echocardiographic

guidance, using previous  anterolateral

cardiac apex, revealing the pledges of the previous transapical
procedure. For pucturing of the left ventricle with optimal
angulation to the mitral position, a site posterolateral to the
previous access was chosen. After apical pre-dilation with a 21F
sheath, a 26F sheath was placed, through which the implantation
was carried out without complications. Fluoroscopy by the end
of the
(Figure 1B). The patient was extubated in the operating room

procedure confirmed optimal valve positioning

and was admitted to normal ward on the first postoperative day.
Postoperative magnetic resonance imaging (MRI) showed
optimal positioning of the prosthesis in the mitral anulus

dyne; — TAVR stent (S3); .- alignment a ;; — ascending aorta
o=aorta, LV=left ventricle, RA=right atrium, LA=left atrium

FIGURE 1

(A) Three-chamber view in CT simulation, predicting an end-
diastolic neo-LVOT of 10.6 mm (*). The simulated alignment area
of the aortic (29 mm S 3, blue line) and mitral prosthesis (green
cage) is marked by the dotted orange line. The red line indicates
the ascending aorta. (B) Fluoroscopy at the end of the procedure:
29 mm S 3 (arrow a) and the overlapping crown of the 29 mm
Tendyne valve (low profile, arrow b) are fully deployed without
interference. (C) Postprocedural MRl documenting the well-placed
intra-annular position of Tendyne valve (arrow a) and its distal part
targeting the anterior leaflet (hyperintense, arrow b, length
23.4 mm). The ascending aorta (red line), the cylinder of the S3
(blue line), the implanted Tendyne®™ stent (green line) and the
overlapping area (dotted orange line) are highlighted. No LVOT-
obstruction. (D) Optimal alignment (orange dotted line) of the S3
(blue line) and Tendyne prothesis (green line) on postoperative
MRI. The circular inner frame of the Tendyne valve with porcine
pericardial leaflets (*) is mounted on a self-expanding outer frame.
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without any sign of paravalvular leakage, which was confirmed by
1C,D). LV function
moderately impaired. As predicted, there was no obstruction of

echocardiography  (Figures remained
the neo-LVOT. Haemoglobin was stable postoperatively with no
need for transfusions.

The patient was discharged home seven days postoperatively.
He subsequently participated in a three-week inpatient cardiac
There
complications according to the MVARC criteria and no further

rehabilitation  programme. were no postoperative
inpatient admission was necessary in the year that followed.
Echocardiography excluded paravalvular leakage or relevant
transvalvular gradients (< 5mmHg). LV function was only
lightly impaired. The patient continued to live independently at

home with improved exercise capacity (NYHA II).

Discussion

Multi-valvular disease in elderly, multimorbid patients is an
important issue to deal with. With more than 1,700 procedures
performed worldwide, TMVR with the Tendyne® system
(Abbott) is an emerging treatment strategy for severe mitral valve
regurgitation in high-risk patients.

As it is potentially fatal, LVOT obstruction is of major concern
in patients with TMVR. Implantation of the prosthesis leads to the
formation of the so called neo-LVOT, confined by the native
anterior mitral leaflet fixed in an opened position, the valve stent
and the septum (1). LVOT obstruction may lead to acute
hemodynamic deterioration or chronic heart failure due to an
increased left ventricular afterload (1, 2). As a consequence, pre-
procedural computed tomography simulation and measurement
of the predicted LVOT has gained in importance (1).

An existing aortic valve prosthesis may add complexity as it
influences aortomitral angulation. Moreover, LV hypertrophy as
a consequence of long-standing aortic valve stenosis may narrow
the LVOT. We therefore relied on CT simulation in this complex
case to visualise the planned implantation and ensure there was
an adequate LVOT area.

The feasibility of TMVR in the presence of a surgical or
transcatheter aortic valve prosthesis has previously been described
previously (3, 4). Similarly, simultaneous transapical implantations
of an aortic and mitral valve prosthesis has been reported (5).
However, in both aortic and mitral valve surgery, little is known
about transapical re-intervention. Despite the fear of apical
results
transapical TAVR within a week, three or seven years after the

fragility, individual reports describe good of redo

initial procedure (6-8). As in our case, postoperative adhesions
rated
unexpectedly normal (6). In the cases mentioned of redo

were easily controllable and the apical tissue was
transapical TAVR, the same apical access site was used. For
optimal angulation in our patient, we had to use a new apical
access site posterolateral of the previous position. Transapical
access may cause myocardial damage and scarring. However, the
existence of two adjacent accesses did not lead to restriction of the
left ventricular function in our patient. He showed moderately
impaired LV function

in both pre- and postprocedural
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echocardiography and MRI (ejection fraction 36% pre- and 37%
post-procedurally). There was even an improvement to a lightly
impaired left ventricular function in the one-year follow up.

In conclusion, this case demonstrates that a redo transapical
access for TMVR as a tertiary cardiac procedure can be easily
performed with good clinical results. Accurate pre-operative
screening is crucial.
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Case Report: Left atrial dissection
after mitral valve replacement:
Intraoperative management
under TEE guidance

Mengyan Wang', Fucheng Ji' and Jinfeng Zhou*

Department of Anesthesiology, Qilu Hospital (Qingdao), Cheeloo College of Medicine,
Shandong University, Qingdao, China

Left atrial dissection (LatD) is a very rare complication of cardiac surgery, but it is
relatively more common in mitral valve surgery. Transesophageal
echocardiography (TEE) plays an important role in timely detection of LatD
and accurate assessment of the condition, which are key factors in
determining the patient’s prognosis. There are two different treatment options
for patients with or without circulatory crisis caused by dissection hematoma,
namely surgical management and conservative treatment. In this report, we
used TEE to quickly detect the cause and severity of LatD, which assisted the
surgeon in making appropriate surgical decisions. The patient was successfully
surgically treated for LatD.

KEYWORDS

atrial dissection, mitral valve replacement, left atrioventricular groove, TEE, surgical
intervention

1 Introduction

Our patient was a 64-year-old woman who unexpectedly developed left atrial
dissection (LatD) during mitral valve replacement surgery. Perioperative LatD is mostly
iatrogenic. In this case, transesophageal echocardiography (TEE) was used to discover
the site of injury that caused LatD, which is different from that in previously reported
cases. Based on the evidence discovered by TEE, the surgeon was able to treat the
patient successfully.

2 Case report

A 64-year-old woman was admitted to our cardiac surgery clinic with a complaint of
chest tightness and dyspnea, which started 5 months ago without any apparent trigger.
The symptoms worsened after exercise, accompanied by profuse sweating, dizziness,
headache, abdominal bloating, and pain. She underwent TTE at a local hospital which
revealed mitral valve prolapse (P2, P3 areas), severe mitral regurgitation, and left atrial
enlargement. Because conservative treatment was ineffective, she was admitted to our
hospital and referred for surgical intervention.

The laboratory test results were unremarkable. Coronary angiography showed no
evidence of obstructive disease.

Following routine cardiac general anesthetic procedures, TEE confirmed severe
eccentric mitral regurgitation owing to prolapse of the middle scallop of the posterior

67 frontiersin.org
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mitral leaflet along with light tricuspid regurgitation and
pulmonary valve regurgitation. The patient’s left ventricular
ejection fraction (LVEF) (65%).
sternotomy was performed, followed by standard right atrial and
Mitral  valve
continuous suturing with 2-0 prolene thread, placement of a size

was normal A  median

atrial septum access. replacement  involved
29 bioprosthetic valve, and ligation of the left atrial appendage
with double 10-0 sutures. Subsequently, the aortic root was
thoroughly deaired under TEE guidance, the aortic clamp was
released, and the heart spontaneously started to re-beat.
Unexpectedly, during the hemostasis process, the patient’s blood
pressure gradually decreased, requiring an increase in the dosage
of adrenaline and noradrenaline to maintain an appropriate level.
At this time, there was no obvious blood loss spots; we also
excluded the possible use of medications such as protamine or
antibiotics that could have triggered allergic reactions. To
the

investigation using TEE and discovered a hematoma on the

determine cause of hypotension, we conducted an
posterior wall of the left atrium, measuring approximately
3x4cm in diameter (Figure 1). This hematoma was rapidly
expanding and gradually compressing the mitral valve annulus.
Given this emergent situation, cardiopulmonary bypass was
reinitiated to resolve the circulation crisis. The results of TEE
monitoring showed that the left atrial dissection hematoma was
compressing the left ventricular inflow tract, which accelerated
blood flow through the mitral valve, causing mitral valve relative
stenosis. In addition, TEE found pulsatile blood flow in the

hematoma at the left atrioventricular groove on the posterior wall

10.3389/fcvm.2024.1413713

of the left atrium after the second cardiopulmonary bypass
(Figure 2), suggesting that this blood flow was related to the left
coronary circumflex branch. However, the relationship between
the left circumflex branch and the dissection could not be
determined. Because the criminal’s blood flow (blood vessels)
was located in the posterior atrioventricular groove and could
not be explored through a surgical incision, we ultimately
decided to

decompression hematoma through the left atrium (Figures 3, 4).

incise the left atrial endocardium to drain the

The specific method applied was to reopen the right atrium and
After
confirming the correct position of the artificial valve and the

atrial septum along the original surgical incision.
integrity of the left atrial endocardium, the latter was incised for
drainage and decompression, and the atrial septum and right
atrium were resutured. The patient was admitted to the ICU for
further management and discharged home after 16 days.
Follow-up transthoracic ultrasound at 15 and 25 days after
surgery both showed heterogeneous echogenicity on the left atrial
posterior wall, measuring approximately 26 mm x 12 mm, with
no significant change compared to before. The ejection fraction

remained at 63%.

3 Discussion

Left atrial dissection is defined as a false, blood-filled cavity or
lumen from the mitral annular area to the left atrial free wall or
interatrial septum that creates a new chamber with or without

FIGURE 1
After being weaned from CPB, a rapidly increasing left atrial dissection hematoma (indicated by the yellow arrow) was visible in the posterior
atrioventricular groove of the left atrial posterior wall. It gradually compressed the mitral valve annulus, causing relative stenosis of the left
ventricular inflow tract
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FIGURE 2

TEE detected pulsatile blood flow in the hematoma located at the left atrioventricular groove on the posterior wall of the left atrium

FIGURE 3

The yellow arrow indicates the site of incision and drainage. (A)
Surgical treatment method: After confirming the integrity of the
left atrial endocardium and the correct position of the artificial
valve, the left atrial endocardium was incised for decompression
and drainage. (B) TEE 3D reconstruction detected the drainage
port of the left atrial endocardium incision for decompression.

Frontiers in Cardiovascular Medicine

communications into the true left atrium (1). LatD is a rare
complication of cardiac surgery, with reported incidence rates
ranging from 0.16% to 0.84%, which is traditionally associated
with mitral valve surgery. However, with the development of
percutaneous coronary intervention (PCI) in recent years, the
number of cases reported after radiofrequency ablation and PCI
has also slightly increased (2). The reasons for LatD caused by
different surgeries are different, such as the atrioventricular groove
damage (3) during mitral valve surgery, atrial wall injury from
ablation procedures (4), and coronary artery perforation during
PCI (5). Genoni et al. (3) claimed that the most likely source of
LatD hematoma during mitral valve surgery was left ventricular
arterial blood. Intense traction of sutures in weak tissue can cause
bleeding from the atrioventricular groove, which is not directed
outward toward the pericardial cavity, rather toward the atrium
itself, leading to spread of tissue and formation of a cavity.

In this report, we discuss a case of LatD that occurred after
mitral valve surgery, but it had a unique presentation compared
to previous reports. In previous reports, most cases of atrial
dissection after mitral valve surgery were caused by surgical
operation leading to damage to the left atrial endometrium. In
this case, the LatD occurred during the valve annulus suturing
process, especially when the suture needle in the posterior
annulus was too deep, which damaged the coronary branches in
the atrioventricular groove.

The overall mortality rate for left atrial dissection is reportedly
13.8% (6), emphasizing the importance of timely detection and
accurate diagnostic assessment. Continuous monitoring through
TEE plays a crucial role in both diagnosis and management.
Almost all reports of LatD in the past two decades have relied on
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FIGURE 4

and drainage

The hematoma on the posterior wall of the left atrium significantly decreased in size after incision of the left atrial endocardium for decompression

TEE monitoring. Before the TEE era, LatD could only be detected
through intraoperative general examination or occasionally, by
autopsy (7, 8). Nowadays, TEE is the first-choice diagnostic
method, and in some cases, the origin and extent of LatD are
clearly demonstrated by TEE, with duplication of the left atrial
wall and vast movement of the dissected wall (9). The clinical
application of 3D TEE can accurately evaluate the anatomical
factors causing hemodynamic instability in LatD, such as the
degree of compression on the left atrium and pulmonary vein
opening, obstruction of the left ventricular inflow tract, and
determination of whether there is blood flow communicating the
true and false lumens that can cause a decrease in cardiac output
and heart failure. Using continuous TEE monitoring of the mass
during protamine administration, the temporal relationship
between reversal of heparin and the changing appearance of the
mass from mostly fluid-filled hypoechoic mass to a hyperechoic
mass as the blood coagulated could be clearly visualized (10).
Reliable TEE evaluation can help surgical teams make the correct
treatment decisions immediately, block further deterioration of
patient circulation status, and avoid the risk of postoperative
secondary thoracotomy or even death. For unexpected left atrial
hematoma, treatment decisions are mainly based on the stability of
the patient’s hemodynamics. However, there are numerous
uncertain factors in the progression of left atrial dissection. Even

for patients who choose conservative treatment for current stable

Frontiers in Cardiovascular Medicine

hemodynamics, close monitoring should be carried out, especially
continuous TEE monitoring (11).

In unstable patients, surgical treatment is the top priority. The
purpose of surgical treatment is to eliminate hematoma, relieve
compression, close the false lumen, and close the entrance (12).
There are two methods for surgical treatment, one is internal
drainage (3, 13, 14) and the other is entry closure (15-17) (i.e.,
by suturing the false cavity or tear layer). However, not all
dissected hematomas’ origins can be accurately located.
Therefore, internal drainage often becomes the first choice for
quickly alleviating hemodynamic collapse. In Genoni et al’s (3)
technique, internal drainage was applied to ensure drainage of a
dissected left atrial wall into the right atrium. Hereby, the cavity
of the left atrium is restored, while preventing systemic
embolization and rupture by further increase of intracavitary
pressure. Matteucci et al. (14) reported a new internal drainage
method called atrial fenestration. In this case, during the
extracorporeal circulation, owing to low blood pressure and
laminar flow, a small-volume hematoma starts begins to develop.
Additionally, because of the insufficient filling of the heart and
the less standardized ultrasound section, any abnormalities that
had already occurred can be easily overlooked.

Following the extracorporeal circulation stop, as the blood
shifts to pulsatile

Accelerated blood flow into the dissected layer rapidly enlarges

pressure increases, laminar flow flow.
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the hematoma on the left atrium’s posterior wall. This significantly
obstructs the left ventricular inflow tract, with Doppler indicating a
narrowed mitral valve orifice area of 1.5cm? equivalent to
moderate mitral stenosis. Subsequently, the team opted for
surgical intervention to counter the LatD’s severe impact on
circulation. They reestablished extracorporeal circulation and
alleviated pressure by incising and draining the tense area on the
left atrium’s endocardial posterior wall. This surgical approach
and shortened the

effectively minimized cardiac damage

extracorporeal circulation time for the patient.

4 Conclusion

TEE monitoring assists anesthesiologists gain a deeper
understanding of the structural and functional aspects of the heart
during surgery. It serves to facilitate efficient communication
between anesthesiologists and surgeons. TEE monitoring serves as a
crucial foundation for surgical decision-making. It allows for real-
time, comprehensive assessment of the structure and function of
the heart, enabling timely diagnosis of the causes of hemodynamic
instability. In this case, reliable TEE monitoring facilitated the
timely identification of the circulatory instability trigger, enabling
the surgical team to make informed decisions and avoid unplanned
reoperations. The case underscores the significance of incorporating
TEE throughout the cardiac surgery process, emphasizing its role in
providing timely and accurate monitoring information.

Data availability statement

The original contributions presented in the study are included
in the article/Supplementary Material, further inquiries can be
directed to the corresponding author.

Ethics statement

Ethical approval was not required for the study involving
humans in accordance with the local legislation and institutional
requirements. Written informed consent was obtained from the

References

1. Gallego P, Oliver JM, Gonzalez A, Dominguez FJ, Sanchez-Recalde A, Mesa JM. Left
atrial dissection: pathogenesis, clinical course, and transesophageal echocardiographic
recognition. ] Am Soc Echocardiogr. (2001) 14(8):813-20. doi: 10.1067/mje.2001.113366

2. Cereda AF, De Luca F, Lanzone AM, Cottini M, Pastori L, Sangiorgi G. Case
report and systematic review of iatrogenic left atrial dissection in different
cardiovascular specialties: a common treatment for an uncommon complication?
Catheter Cardiovasc Interv. (2020) 95(1):E30-6. doi: 10.1002/ccd.28356

3. Genoni M, Jenni R, Schmid ER, Vogt PR, Turina ML Treatment of left atrial
dissection after mitral repair: internal drainage. Ann Thorac Surg. (1999) 68:1394-6.
doi: 10.1016/S0003-4975(99)00709-2

4. Kashou AH, DeSimone CV, Asirvatham SJ, Kapa S. Left atrial dissection as a
trigger for recurrent atrial fibrillation. HeartRhythm Case Rep. (2020) 6(6):329-33.
doi: 10.1016/j.hrcr.2020.02.011

Frontiers in Cardiovascular Medicine

71

10.3389/fcvm.2024.1413713

individual(s) for the publication of any potentially identifiable
images or data included in this article.

Author contributions

MW: Data curation, Writing - original draft, Writing — review
& editing. FJ: Supervision, Writing - review & editing. JZ:
Conceptualization, Resources, Supervision, Writing — review & editing.

Funding

The author(s) declare financial support was received for the
research, authorship, and/or publication of this article. The work
was funded by the Qingdao Key Health Discipline Development
Fund (QDZDZK2022094).

Conflict of interest

The authors declare that the research was conducted in the
absence of any commercial or financial relationships that could
be construed as a potential conflict of interest.

Publisher’s note

All claims expressed in this article are solely those of the
authors and do not necessarily represent those of their affiliated
organizations, or those of the publisher, the editors and the
reviewers. Any product that may be evaluated in this article, or
claim that may be made by its manufacturer, is not guaranteed
or endorsed by the publisher.

Supplementary material

The Supplementary Material for this article can be found
online at: https://www.frontiersin.org/articles/10.3389/fcvm.2024.
1413713/full#supplementary-material

5. Wang S, Weng J, He F, Qian X, Liu Y, Chen H. Surgical treatment of left atrial
dissection caused by percutaneous coronary intervention. Cardiovasc | Afr. (2022)
33(4):220-4. doi: 10.5830/CVJA-2021-045

6. Fukuhara S, Dimitrova KR, Geller CM, Hoffman DM, Ko W, Tranbaugh RF. Left
atrial dissection: etiology and treatment. Ann Thorac Surg. (2013) 95:1557-62. doi: 10.
1016/j.athoracsur.2012.12.041

7. Choi JH, Kang JK, Park KJ, Jung JW, Choi SY, Yoon MH, et al. Images in
cardiovascular medicine. Spontaneous left atrial dissection presenting as pulmonary
edema. Circulation. (2005) 111(22):e372-3. doi: 10.1161/CIRCULATIONAHA.104.
477463

8. Lang RM, Addetia K, Narang A, Mor-Avi V. 3-dimensional echocardiography:
latest developments and future directions. JACC Cardiovasc Imaging. (2018) 11
(12):1854-78. doi: 10.1016/j.jcmg.2018.06.024

frontiersin.org


https://www.frontiersin.org/articles/10.3389/fcvm.2024.1413713/full#supplementary-material
https://www.frontiersin.org/articles/10.3389/fcvm.2024.1413713/full#supplementary-material
https://doi.org/10.1067/mje.2001.113366
https://doi.org/10.1002/ccd.28356
https://doi.org/10.1016/S0003-4975(99)00709-2
https://doi.org/10.1016/j.hrcr.2020.02.011
https://doi.org/10.5830/CVJA-2021-045
https://doi.org/10.1016/j.athoracsur.2012.12.041
https://doi.org/10.1016/j.athoracsur.2012.12.041
https://doi.org/10.1161/CIRCULATIONAHA.104.477463
https://doi.org/10.1161/CIRCULATIONAHA.104.477463
https://doi.org/10.1016/j.jcmg.2018.06.024
https://doi.org/10.3389/fcvm.2024.1413713
https://www.frontiersin.org/journals/cardiovascular-medicine
https://www.frontiersin.org/

Wang et al.

9. Martinez-Sellés M, Garcfa-Fernandez MA, Moreno M, Bermejo ], Delcin JL.
Echocardiographic features of left atrial dissection. Eur ] Echocardiogr. (2000) 1
(2):147-50. doi: 10.1053/euje.2000.0020

10. Tolpin DA, Collard CD, Thomas Z, Pan W. Left atrial dissection associated with
pulmonary vein cannulation. Anesth Analg. (2009) 109:1409-12. doi: 10.1213/ANE.
0b013e3181b7¢508

11. Morishita A, Katahira S, Hoshino T, Hanzawa K, Tomioka H. Rapidly vanishing
left atrial dissection following mitral valve replacement: a case report. J Cadiothorac
Surg. (2020) 15(1):73. doi: 10.1186/s13019-020-01112-3

12. Kasai M, Inoue Y, Suzuki S, Suzuki R. Acute left atrial dissection during redo
mitral valve replacement. J Card Surg. (2016) 31(8):521-2. doi: 10.1111/jocs.12780

13. Schmid ER, Schmidlin D, Jennni R. Left atrial dissection after mitral valve
reconstruction. Heart. (1997) 78:492. doi: 10.1136/hrt.78.5.492

Frontiers in Cardiovascular Medicine

72

10.3389/fcvm.2024.1413713

14. Matteucci M, Torchio F, Messina C, Inzigneri G, Severgnini P, Musazzi A.
Intraoperative left atrial dissection following mitral valve surgery: report of
a case treated surgically. J Card Surg. (2022) 37(12):5545-7. doi: 10.1111/jocs.
17087

15. Maeda K, Yamashida C, Shida T, Okada M, Nakamura K. Successful surgical
treatment of dissecting left atrial aneurysm after mitral valve replacement. Ann
Thorac Surg. (1985) 39(4):382-4. doi: 10.1016/S0003-4975(10)62639-2

16. Sekino Y, Sadahiro M, Tabayashi K. Successful surgical repair of left atrial
dissection after mitral valve replacement. Ann Thorac Surg. (1996) 61:1528-30.
doi: 10.1016/0003-4975(95)01157-9

17. Goda T, Ishii K, Shiiya N, Oba J, Matsui Y, Yasuda K. Acute dissection of the
interatrial septum after re-replacement of the mitral valve: a case report. J Jpn Assoc
Thorac Surg. (1994) 42:1092-5.

frontiersin.org


https://doi.org/10.1053/euje.2000.0020
https://doi.org/10.1213/ANE.0b013e3181b7c508
https://doi.org/10.1213/ANE.0b013e3181b7c508
https://doi.org/10.1186/s13019-020-01112-3
https://doi.org/10.1111/jocs.12780
https://doi.org/10.1136/hrt.78.5.492
https://doi.org/10.1111/jocs.17087
https://doi.org/10.1111/jocs.17087
https://doi.org/10.1016/S0003-4975(10)62639-2
https://doi.org/10.1016/0003-4975(95)01157-9
https://doi.org/10.3389/fcvm.2024.1413713
https://www.frontiersin.org/journals/cardiovascular-medicine
https://www.frontiersin.org/

1' frontiers ‘ Frontiers in Cardiovascular Medicine

'.) Check for updates

OPEN ACCESS

EDITED BY
Giuseppe Gatti,

Azienda Sanitaria Universitaria Giuliano
Isontina, Italy

REVIEWED BY

llaria Franzese,

Cattinara Hospital, Italy

Jayant Shyam Jainandunsing,
University Medical Center Groningen,
Netherlands

*CORRESPONDENCE
Rodrigo Estévez-Loureiro
roiestevez@hotmail.com

RECEIVED 12 May 2024
ACCEPTED 05 August 2024
PUBLISHED 21 August 2024

CITATION

Caneiro-Queija B, Guerreiro CE, Echarte-
Morales J, Estévez-Loureiro R, Barreiro-
Pérez M, Gonzélez-Ferreiro R, Estévez-Cid F,
Legarra JJ, Baz JA and iiiguez-Romo A (2024)
Left ventricular outflow tract obstruction after
transcatheter mitral valve replacement: a case
report with a multifaceted approach.

Front. Cardiovasc. Med. 11:1431639.

doi: 10.3389/fcvm.2024.1431639

COPYRIGHT

© 2024 Caneiro-Queija, Guerreiro, Echarte-
Morales, Estévez-Loureiro, Barreiro-Pérez,
Gonzalez-Ferreiro, Estévez-Cid, Legarra, Baz
and Ifiiguez-Romo. This is an open-access
article distributed under the terms of the
Creative Commons Attribution License (CC
BY). The use, distribution or reproduction in
other forums is permitted, provided the
original author(s) and the copyright owner(s)
are credited and that the original publication in
this journal is cited, in accordance with
accepted academic practice. No use,
distribution or reproduction is permitted
which does not comply with these terms.

Frontiers in Cardiovascular Medicine

Case Report
21 August 2024
10.3389/fcvm.2024.1431639

Left ventricular outflow tract
obstruction after transcatheter
mitral valve replacement: a case
report with a multifaceted
approach
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An 83-year-old woman was admitted to our center because of heart failure.
Transthoracic echocardiography revealed severe mitral annular calcification
resulting in a double mitral valve lesion. After discussion by the heart team,
transcatheter mitral valve replacement with Tendyne (Abbott Structural, Santa
Clara, CA, USA) was performed. Despite having a predicted neo-left ventricular
outflow tract (LVOT) above the cut-off value, the patient developed clinically
significant LVOT obstruction (LVOTO) refractory to medical treatment. This
situation is often treated before the intervention, and dealing with LVOTO
afterward can be challenging. After taking the patient's anatomy into
consideration, we decided to perform alcohol septal ablation. Applying a
combined strategy of medical treatment and intervention led to success. In
this case report, we discuss this event and the strategies available for
preventing and managing the condition.

KEYWORDS

Tendyne, left ventricular outflow tract obstruction, transcatheter mitral valve
replacement, mitral annular calcification, alcohol septal ablation (ASA)

Introduction

According to recent data from the Euro Heart Survey, degenerative valvular heart
disease is highly prevalent (1). Mitral annular calcification (MAC) is a degenerative
age-dependent process leading to mitral regurgitation (MR) or mitral stenosis (MS).
MAC is linked to cardiovascular risk factors, the female gender, and chronic kidney
disease (2). Although surgery has been the gold standard treatment for mitral valve
disease, patients with MAC have been associated with an increased risk of cardiac
rupture at the atrioventricular junction, perivalvular leaks, or circumflex artery injury
(3). Transcatheter mitral valve replacement (TMVR) techniques have emerged in recent
years to overcome the challenges of MAC treatment. In this regard, the Tendyne valve
(Abbott Structural, Santa Clara, CA, USA) has proved to be a feasible option in MAC
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patients (4). Nonetheless, several procedural concerns need to be
taken into consideration, such as left ventricular outflow tract
obstruction (LVOTO) or paravalvular leak (PVL) (5).

Case description

An 83-year-old woman was admitted to our center because of
overt heart failure (HF). Her medical background revealed arterial
hypertension, dyslipidemia, and obesity as cardiovascular risk
factors. The patient also had a history of atrial fibrillation (AF).
In 2012, she underwent cardiac surgery due to degenerative
aortic stenosis, and a 21-mm aortic bioprosthesis (St. Jude
Medical, Minnesota, USA) was implanted.

During the diagnostic work-up, echocardiography showed mild
aortic bioprosthetic dysfunction, severe MAC resulting in a double
mitral lesion (moderate MS and severe MR), and severe tricuspid
regurgitation. The left ventricular ejection fraction (LVEF) was
preserved with significant concentric hypertrophy (LV mass of
172 g/m2 and septal thickness of 15mm) (Supplementary
Figure 1A).
occlusion of the mid-left anterior descending artery. Right heart

Coronary angiography evidenced chronic total

catheterization showed a decreased cardiac output (2.2 L/min)
with
pulmonary artery pressure 43 mmHg, with pulmonary capillary

significant combined pulmonary hypertension (mean
wedge pressure 21 mmHg). Patient symptoms were mainly due to
mitral valve disease. Due to the recording of high-risk scores
(EuroSCORE 1I 15%, with society of thoracic surgeons (STS) score
of 10.8% for mortality and 30% for morbidity), the heart team
considered the patient to be at extreme risk for conventional
and decided to TMVR.

intervention evaluate her for

10.3389/fcvm.2024.1431639

Transesophageal echocardiography (TEE) revealed a degenerated
aortic bioprosthesis with mild-to-moderate regurgitation and a
degenerative MR with evidence of chordal rupture, severe MR,
severe MAC, and an aortic-mitral angle (AMA) of 135°
(Supplementary Figure 1B). A computed tomography (CT) scan was
also performed, with an MAC score (6) of 7 points and a predicted
systolic NeoLVOT of 330 mm* (Supplementary Figure 2). A 29S LP
Tendyne was thus deemed appropriate for the anatomy of the
patient (Supplementary Video 1).

The procedure was performed under general anesthesia
through a left mini-thoracotomy using a transapical approach
with three-dimensional (3D) TEE imaging guidance. A standard
0.035-inch wire was inserted into the left atrium, and a balloon
tip catheter was advanced to the left atrium to ensure a free
chord trajectory. A 14-Fr sheath was inserted in the apex and the
valve was pre-dilated with a 22 mm balloon to ensure calcium
expansion (Supplementary Video 1). Then, a 34-Fr sheath was
placed over the wire into the left atrium and the 29S LP Tendyne
was delivered through the sheath and partially deployed in the left
atrium, until the outer valve expanded to approximately 85% of the
final size (Supplementary Video 2). The outer stent was aligned
with the straight edge oriented anteriorly against the aortic-
mitral continuum through device rotation under TEE guidance.
The delivery sheath was retracted to deploy the remainder of the
prosthesis in an intra-annular position. Finally, the length and
tension of the tether were adjusted to optimize MR reduction
and minimize the risk of device displacement. After the
procedure, a mild posterior PVL was identified (Supplementary
Video 3), without significant LVOTO (Supplementary Figure 2).

Days after the procedure, the patient exhibited poor AF rate
control and HF. Transthoracic echocardiography (TTE) showed

TEE

Severe MAC. Severe MR.
Degenerative MR

Severe MAC. NeoLVOT
330mm?. Anterior Mitral
leaflet length.
Tendyne 29S LP

FIGURE 1
Patient timeline.

Tendyne procedure

Mild PVL. Mild LVOT
obstruction A

Follow-up TTE
LVOT gradient reduction

OH septal ablation

Severe LVOT obstruction
despite medical
treatment

Frontiers in Cardiovascular Medicine

frontiersin.org


https://doi.org/10.3389/fcvm.2024.1431639
https://www.frontiersin.org/journals/cardiovascular-medicine
https://www.frontiersin.org/

Caneiro-Queija et al.

LVOTO due to contact between the Tendyne medial frame and the
septal wall (Supplementary Video 4), with an initial pressure
gradient of 45 mmHg. Medical treatment for the LVOTO was
initially established. Beta-blockers were up-titrated according to
the clinical symptoms and tolerance. The patient improved, and
TTE was performed, with an LVOT gradient of 35 mmHg before
discharge. However, the patient was re-admitted with HF
symptoms 18 days after discharge and repeated severe LVOTO
(45 mmHg was noted on TTE). After carefully reviewing the
patient’s history, the heart team agreed to first implant a
pacemaker, and then perform alcohol septal ablation (ASA) with
a 1.25 mm over-the-wire balloon in the second septal perforation
artery (Supplementary Video 5). Control TTE performed 7 weeks
after ASA showed a LVOT gradient of 12 mmHg (Supplementary
Figure 3). At present, 6 months after the procedure, the patient
presents NYHA functional class II, without signs of HF and with
no further hospital admissions (Figure 1).

Discussion

The present case report highlights the challenges associated
with the transcatheter treatment of complex valvular heart
disease and the broad range of interventional options we
currently have to deal with them. Severe MAC is an uncommon
condition, although it significantly increases the risk of mitral
valve dysfunction with regurgitation and/or stenosis. Not only
the increased patient age and related comorbidities, but also the
associated anatomical features highlight the technical complexity
of addressing this disease, which is linked to a greater risk of
complications such as PVL, circumflex artery injury, disruption
of the atrioventricular groove (7), conduction disturbances, and
patient-prosthesis mismatch (8).

The current reported case corresponded to a high surgical risk
patient of advanced age, with previous open-heart surgery and with
isolated post-capillary pulmonary hypertension. To minimize the
procedural risk, a stepwise approach should be taken into
consideration. First, these cases require thorough discussion
within a multidisciplinary heart team specialized in valve
management, to properly individualize care, balancing the risk
and benefit of an invasive strategy. Second, pre-procedural
planning with multimodality imaging is pivotal, involving not
only echocardiography but particularly also CT to assess the
valvular anatomy and the extent and distribution of MAC—
including the involvement of other adjacent structures—and to
predict device implantation and its potential complications such
as LVOTO. Initially, we estimated the LVOT-box area as
described previously (9) to predict the risk of LVOTO, obtaining
an area of 430 mm?, thus we continued the Tendyne screening
process. Taking into account the CT features of mitral annulus
thickness, leaflet
involvement, the MAC score was seen to be 7. According to

calcium distribution, and trigone and
Guerrero et al., this score is associated with a 5.86-fold increase
in the odds of valve embolization/migration when using a
balloon-expandable valve for valve-in-mitral annular calcification

(VIMAC) transcatheter aortic valve replacement (TAVR) (6).
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Also, mitral valve area (MVA) was close to 750 mm?, which fits
a dedicated mitral prosthesis better rather a TAVR in mitral
position. In addition, the measured NeoLVOT was 330 mm?,
which was clearly in the theoretical safety zone, above the cut-off
value of 189.4 mm”. This threshold demonstrated a sensitivity of
100% and a specificity of approximately 97% in predicting a
post-TMVR increase in LVOT gradient of 10 mmHg or more,
which according to the Mitral Valve Academic Research
Consortium criteria defines iatrogenic LVOTO (10). In this
context, when measuring for the Tendyne (Abbott Structural,
Santa Clara, CA, USA) or Intrepid (Medtronic, Minneapolis,
MN, USA) system, the minimized stent frame projection to the
outflow tract would result in a slightly larger size NeoLVOT.

Surgical options for MAC-related mitral valve dysfunction are
associated with operative mortality rates of 14% or higher (8).
Although isolated MR could be treated with repair only, which is
associated with a better prognosis and a lower rate of
complications, these patients more commonly present mixed
disease requiring a replacement approach (11). A range of resect
and respect surgical options are available for mitral valve repair
or replacement, with the former involving extensive en bloc
resection of annular calcium, and the latter preferentially
working around the calcium to avoid the complications
associated with annular debridement (12). Alternative approaches
like atrial-to-left ventricular valved conduits from the left atrium
to the left ventricle for bypassing the mitral valve have also been
described (13).

Our patient did not have an acceptable surgical risk, and the
pre-procedural CT study moreover showed complete MAC,
deeming her not eligible for conventional mitral valve surgery
because of the increased risk for AV groove disruption. The
heart team therefore opted for a transcatheter approach, choosing
a Tendyne prosthesis.

In fact, percutaneous or hybrid approaches have been evaluated
to try to minimize the operative risk. VIMAC approaches using a
hybrid (transatrial or transapical) or a fully percutaneous strategy
(transseptal VIMAC) are of interest in this scenario, but are not
without their own challenges. As the anterior mitral leaflet
(AML) is left in situ, both the transseptal and the transapical
approaches are associated with a risk of LVOTO, particularly in
patients with a smaller left ventricle, septal hypertrophy (14),
longer or redundant anterior mitral valve leaflets, and a smaller
AMA angle. In the TMVR registry, patients submitted to
ViMAC TMVR had a lower overall technical success rate (62.1%)
compared with valve-in-valve (94.4%) or valve-in-ring patients
(80.9%), mainly because of LVOTO, which occurred in up to
39.7% of the patients. All-cause mortality was high at 30 days
(34.5%) and 1 year (62.8%) (15). A meta-analysis of 13 studies
involving VIMAC TMVR with balloon-expandable heart valves
reported a median rate of LVOTO of 11.2%, a 3.7% incidence of
transcatheter heart valve embolization, and a 4.1% incidence of
moderate-to-severe PVL (16). Dedicated systems have been
developed for TMVR, such as the transapical dual-stent frame
Tendyne prosthesis (Abbott Structural, Santa Clara, CA, USA),
which has been used in our report, with promising results
according to a recent study (all-cause mortality rate of 5% and
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40% at 30 days and 1 year, respectively, PVL and embolization
rates of 0%, and an LVOTO rate of 5%) (17); moreover, LVOTO
together with annular size are the mains reasons for screen
failure with this device.

While not fully expected, in our clinical case TMVR resulted
in LVOTO days after the procedure; the condition proved
refractory to medical treatment and was clinically significant,
resulting in decompensated HF. The position and angulation
of the Tendyne toward LVOT is not always the same as it
was predicted on the simulation, because the entry point can be
more anterior than expected. Likewise, LV size can decrease after
MR elimination and this fact can modify the relationship
between the frame and the LVOT (18), and probably a
combination of these two factors could influence the Ilate
development of LVOTO.

In patients with an increased risk of LVOTO, several
techniques can be adopted preemptively or after its diagnosis to
tackle AML
displacement and/or basal septal hypertrophy. For the former,
intentional laceration of the AML to prevent LVOTO (the
LAMPOON procedure) with an electrified guide wire can be an

both of the main underlying mechanisms:

option (19). Another possibility would be balloon-assisted
translocation of the mitral anterior leaflet (BATMAN). For basal
septal  hypertrophy, effective measures may comprise
transcoronary ablation of septal hypertrophy (TASH) or the
Septal Scoring Along the Midline Endocardium (SESAME)
technique to perform an electrosurgical myotomy (20). In this
case, ASA was successfully performed, achieving a reduction of
the LVOT gradient of up to 16 mmHg. Different series report
immediate improvements in gradient measurements following the
procedure (21). There is a current shift in paradigm toward a
more prophylactic approach to mitigate TMVR-induced LVOTO
in high-risk patients (22), although this is not without pitfalls,
because it increases the risk of permanent
implantation (from 16.7% to 35%) (23).

Mention should also be made of the possibility of using other

pacemaker

TMVR devices with specific designs to prevent anterior leaflet
displacement. Examples of this kind are supra-annular devices,
such as the AltaValve System (4C Medical Technologies,
Minneapolis, MN, USA), which could help mitigate the
drawback of LVOTO, as it has a spherical nitinol frame sized to
fit the left atrium, where it fixates, avoiding interaction with it.
The first cases have been reported using a transapical approach,
showing that it is a safe and effective device (24), and recently a
small series of transseptal cases have been described, with
excellent results (25).

Mitral annular calcification-related valve dysfunction is a
high-risk condition associated with a poor prognosis and
few simultaneously effective and safe therapeutic options.
Appropriate

pre-procedural  risk  evaluation by an

interdisciplinary heart team and including multimodality imaging

surgery,
transcatheter techniques, or medical treatment only. Predicting

is mandatory to tailor therapeutic allocation to
potential hazards associated with each technique, such as

LVOTO, allows the definition of preventive or bailout approaches
such as TASH, LAMPOON, or SESAME. Other dedicated
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devices with intra-atrial fixation have been developed, limiting
the occurrence of this dreaded complication. A larger body of
data is needed to define the best strategy in each case for this
particularly challenging patient population.
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SUPPLEMENTARY FIGURE 1

Section A: TTE four-chamber view showing a double mitral lesion with MAC.
Section B: TEE color comparison over mitral valve in mid esophageal view.
Section C: 3D mitral en face view with and without color.

SUPPLEMENTARY FIGURE 2

CT analysis through 3Mensio software. (A) Annular segmentation in systole.
(B) Smallest estimated LVOT. (C) MAC analysis and AMA angle. (D) Anterior
mitral leaflet length.

SUPPLEMENTARY FIGURE 3
LVOT gradient evolution. Section A: TTE three-chamber LVOT gradient days
after Tendyne implantation. Section B: TTE three-chamber LVOT gradient
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