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Unusual clinical course

Aortic cross-clamping is usually required to clearly visualize the surgical field in mini-thoracotomy because car-
diac surgery without aortic cross-clamping can be challenging. However, certain patients may require alterna-
tive strategies for cardiovascular surgeries.

We report the case of a 73-year-old woman with prior valve replacement who underwent left atrial thrombec-
tomy under cardiopulmonary bypass without aortic cross-clamping using rapid ventricular overdrive pacing.
She was referred to our hospital for an evaluation of elevated C-reactive protein levels. Computed tomography
coronary angiography revealed a large non-mobile mass in the left atrium that did not decrease after antico-
agulation therapy. A high degree of adhesion was observed around the aortic root, making median sternotomy
and aortic cross-clamping hazardous. Thrombectomy during perfused ventricular fibrillation was an option but
is associated with other potential complications such as coagulopathy, arrhythmia, hyperglycemia, and disor-
dered electrolytes that could further increase the total risk. Therefore, rapid ventricular overdrive pacing was
selected to achieve temporary circulatory arrest, combined with a mini-thoracotomy approach. Rapid ventric-
ular overdrive pacing was successfully maintained throughout the thrombectomy, and the patient was easi-
ly weaned from cardiopulmonary bypass. She was extubated in the operating room at the end of the surgery.
She recovered without complications and was discharged walking independently.

Rapid ventricular overdrive pacing to achieve temporary circulatory arrest during cardiovascular surgery may
be a new therapeutic option in patients with high risks associated with reoperation.
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Introduction

Patients undergoing reoperation are at a high risk of ma-
jor bleeding due to adhesions, which can be life-threaten-
ing and can limit surgical options [1]. Mini-thoracotomy has
emerged as a new approach in cardiac surgery, as the smaller
operative field can reduce blood loss and the need for blood
transfusions [2-5]. Aortic cross-clamping is usually required
to clearly visualize the surgical field. However, it carries a
risk of major bleeding, as it requires detachment around the
aortic root to create space [6]. Cardiac surgery without aor-
tic cross-clamping is challenging because cardioplegic solu-
tions cannot be used. Therefore, alternative methods of in-
ducing cardiac arrest, such as ventricular fibrillation (VF), or
beating-heart surgery are required [6-8]. Both methods typ-
ically require placement of a venting catheter in the aortic
root and/or left atrium to prevent air embolism and left ven-
tricular distension [6].

We describe the case of a patient who had previously under-
gone mitral valve replacement and tricuspid valvuloplasty 7
months earlier and required left atrial thrombectomy. Owing to
the risks associated with median sternotomy and aortic cross-
clamping, we considered several thrombectomy approaches.
These included perfused VF induced by moderate hypother-
mia [9], beating-heart surgery [6] and cardiac arrest using car-
dioplegic solutions, which would require aortic cross-clamping.
However, we opted for rapid ventricular overdrive pacing (RVOP)
using a transvenous temporary pacemaker during the throm-
bectomy. The patient was weaned from the cardiopulmonary
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bypass, extubated in the operating room, and discharged from
the hospital on postoperative day 29 without complications.

To our knowledge, RVOP has not previously been applied dur-
ing thrombus removal from the left atrium. Herein, we intro-
duce RVOP as an alternative approach when aortic cross-clamp-
ing is contraindicated and discuss its feasibility and safety.

Case Report

A 73-year-old woman (height, 153 cm; weight, 42 kg) was re-
ferred to our hospital for evaluation of elevated C-reactive pro-
tein levels. She had undergone mitral valve replacement and
tricuspid valvuloplasty 7 months earlier. Postoperative warfarin
had initially been prescribed, but it was replaced with aspirin
due to difficulties controlling the prothrombin time/interna-
tional normalized ratio. Computed tomography (CT) coronary
angiography revealed a non-mobile mass in the left atrium
(Figure 1). Infective endocarditis and thrombus were consid-
ered in the differential diagnoses, and anticoagulation ther-
apy using an amount of unfractionated heparin sufficient to
prolong the activated partial thromboplastin time combined
with antibiotics was initiated. However, because the mass did
not decrease in size and the patient was at risk of embolism,
thrombectomy was planned. No thrombus-related complica-
tions had developed at that time.

Preoperative contrast-enhanced CT revealed the close proximity
of the right coronary artery to the sternum and a high degree

Figure 1. Left and right, prospective axial and sagittal views. Arrows indicate a mass inside the left atrium along the atrial septum.
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Figure 2. Contrast-enhanced computed tomography images. (A) Arrow indicates the right coronary artery near the back of the
sternum. (B, C) High degree of collusion around the aortic root.

of adhesion around the aortic root (Figure 2), which limited
exposure of the ascending aorta. The patient was scheduled
for reoperation through a right lateral mini-thoracotomy inci-
sion without aortic cross-clamping. Venting through the aor-
tic root was restricted because of the adhesions described
above. Inserting the catheter directly into the left atrium was
also considered risky, as the location of the mass coincided
with the intended catheter insertion site (Figure 1). We could
not insert a venting catheter or cross-clamp the aorta; thus,
we elected to induce cardiac arrest using RVOP via a trans-
venous temporary pacemaker. This method is usually applied
during transcatheter aortic valve replacement (TAVR) to induce
transient cardiac standstill and ensure optimal placement of
the prosthesis at the aortic annulus [10].

General anesthesia was induced, and the patient was intubat-
ed with a double-lumen tracheal tube. A temporary pacemaker
was inserted through the right internal jugular vein, and defi-
brillation pads were placed on the patient’s chest as a precau-
tion. Femoro-femoral normothermic cardiopulmonary bypass
was initiated after heparin administration. Perfusion pressure
was maintained at > 60 mm Hg. After securing a clear surgical
view around the left atrium, the operating table was placed in
the Trendelenburg position, and the surgical field was contin-
uously filled with pumped carbon dioxide. We initiated RVOP
at 220 bpm with 100% stimulation efficacy. After transesoph-
ageal echocardiography confirmed closure of the aortic valve,
the left atrium was immediately opened and the thrombus was
resected. Rapid pacing was maintained throughout the 18-min-
ute procedure. Real-time transesophageal echocardiography
did not detect air in the left ventricle after atrial closure and
cessation of rapid pacing. Spontaneous cardiac rhythm sub-
sequently recovered, and the patient was weaned from car-
diopulmonary bypass. The total duration of cardiopulmonary
bypass was 33 minutes, and the overall surgical duration was
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3 hours 21 minutes. The patient was extubated in the oper-
ating room without respiratory or circulatory complications.
She was ambulatory and discharged home on postoperative
day 29. Pathological examination of the resected mass con-
firmed fresh, sterile thrombi composed of platelets and fibrin.
While the exact reason for the thrombus formation in this pa-
tient is unclear, it is thought to be attributable to the forced
discontinuation of anticoagulants due to poor PT-INR control
and the presence of left atrial enlargement.

This patient provided written consent to undergo the de-
scribed procedures according to local research ethics commit-
tee requirements, and the report was prepared in compliance
with the relevant “Enhancing the Quality and Transparency of
Health Research” case report (“Consensus-Based Clinical Case
Reporting Guideline Development”) guidelines.

Discussion

Patients with a history of procedures such as cardiac surgery
are at high risk of life-threatening bleeding during reopera-
tion, which can adversely affect perioperative outcomes [1].

Left atrial or ventricular venting is typically required to prevent
ventricular distension, particularly when aortic regurgitation
(AR) is evident. Venting is also recommended during beating-
heart surgery to prevent air embolism through the aortic root
[8]. Venting through the aortic root was not feasible in our pa-
tient due to the high degree of collusion, and inserting a cath-
eter directly into the left atrium posed additional risk because
the thrombus was located near the intended insertion site
(Figure 1). Because the left atrium was to be opened during
the procedure, air embolism was the main concern rather than
left ventricular distension, as AR was not observed. Therefore,
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complete cardiac arrest was deemed necessary to prevent air
embolism. Although we initially considered inducing cardiac
arrest via VF, we decided against induced hypothermia consid-
ering the short surgical duration and the possibility of compli-
cations such as coagulopathy, arrhythmia, hyperglycemia, and
a disordered electrolyte balance. However, in the absence of
venting catheters, spontaneous recovery from VF could have
led to immediate air embolism. Furthermore, without a pre-
cipitating factor such as hypothermia, whether VF could be
maintained until the end of the procedure remained uncertain.

Transient cardiac standstill can be induced by RVOP using a
transvenous temporary pacemaker during TAVR. This is an es-
tablished procedure that ensures the optimal placement of a
prosthesis at the aortic annulus and decreases ventricular fill-
ing time, stroke volume, and cardiac output[9,11]. The main
advantages of RVOP are simplicity, reliability, and ease of im-
plementation via insertion of a temporary pacemaker through
the right internal jugular vein into the right ventricle.

Potential complications associated with RVOP include iatro-
genic ventricular fibrillation, procedural hypotension, peripro-
cedural acute kidney injury, atrial fibrillation, and stroke [11].
Although the available data are limited to a few patients with
surrogate endpoints, many of these adverse events are likely
related to transient hypotension and ischemic myopathy, which
can be prevented with cardiopulmonary bypass.

In reporting this case, it must be mentioned that it is a single
case, that there is no data on long-term prognosis, and that

caution should be taken when making generalizations.
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Conclusions

RVOP combined with mini-thoracotomy can provide a rela-
tively safe option for patients undergoing left atrial thrombec-
tomy who are at high risk of major complications associated
with traditional methods, such as VF and aortic cross-clamp-
ing. Establishing the safety of the method will require accu-
mulation of further data and studies on long-term prognosis.
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