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Abstract

Background: Ventricular fibrillation (VF) is a known com-
plication after the release of the aortic cross-clamp (ACC)
during cardiopulmonary bypass (CPB) surgery. Various
factors contribute to persistent refractory VF, making its
management challenging. This case report describes the
successful treatment of postoperative refractory VF by
coronary artery bypass grafting (CABG) in a patient under-
going aortic valve replacement (AVR) with ACC release.
Case Presentation: A 52-year-old woman with a history
of hypertension and ischemic cerebral infarction presented
with symptoms of chest tightness, dyspnoea and palpita-
tions. She underwent a modified maze procedure of ra-
diofrequency ablation, mitral repair, left atrial appendage
closure and mechanical AVR under a CPB procedure. Fol-
lowing the ACC release, the patient experienced recurrent
VF that was unresponsive to standard interventions such as
lidocaine, amiodarone and direct current shocks. The suspi-
cion of right coronary artery (RCA) insufficiency led to the
decision to perform CABG using the great saphenous vein.
After the CABG procedure, the patient’s heart rhythm grad-
ually returned to sinus rhythm, and she had an uneventful
recovery. Discussion and Conclusions: Refractory VF af-
ter the ACC release can pose diagnostic and treatment chal-
lenges. In this case, RCA insufficiency was suspected as
the cause of refractory VF. The absence of blood flow in
the proximal RCA and the presence of distal blood return
during cardiac surface exploration supported this suspicion.
Coronary artery bypass grafting using the great saphenous
vein successfully restored normal sinus rhythm, confirming
the diagnosis. This case emphasises the importance of con-
sidering coronary artery stenosis or occlusion as a potential
cause of refractory VF after the ACC release during CPB,
with CABG serving as a viable alternative treatment.
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Background

The incidence of ventricular fibrillation (VF) after aor-
tic cross-clamp (ACC) release during cardiopulmonary by-
pass (CPB) surgery is about 10%–80% [1]. There are vari-
ous mechanisms for the occurrence of persistent refractory
VF after the ACC release, including intraoperative surgi-
cal trauma, reperfusion injury, ischemia injury, inadequate
coronary exhaust, mechanical stimulation of the left ven-
tricular (LV) drainage catheter, inadequate myocardial pro-
tection, insufficient supply of cardioplegic solution, elec-
trolyte and metabolic disorders and uncorrected hypother-
mia [2]. Although direct current (DC) shock has been the
standard treatment for ventricular fibrillation, it may also
aggravate myocardial damage and adversely affect cardiac
function, especially when refractory VF occurs, and it may
even be difficult to be weaned from CPB after multiple DC
shocks. High-dose injection of the sodium channel blocker
lidocaine, a class IB antiarrhythmic agent, reduces the inci-
dence of VF during reperfusion after the release of the ACC
in patients undergoing cardiac surgery [3]. Therefore, lido-
caine has traditionally been used as an initial antiarrhyth-
mic agent for VF that is resistant to cardioversion during
CPB. Amiodarone, a multichannel blocker, slows ventric-
ular conduction and heart rate by blocking sodium chan-
nels, blocks atrioventricular nodal conduction by block-
ing β-adrenergic receptors and calcium channels and pro-
longs atrioventricular repolarisation by inhibiting potas-
sium channels. Therefore, administration of amiodarone
before ischemia reduces the incidence of VF induced by
reperfusion [4]. Nifekalant is a potassium channel blocker
available only in Japan and is often used in place of amio-
darone to suppress signs of life-threatening arrhythmias
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such as VF and tachycardia. The advantage of nifekalant
is that it is a pure potassium channel blocker, so it does
not cause inotropic effects and has a shorter half-life than
amiodarone [5]. In addition, warm blood perfusion is also
a common method for VF after releasing the ACC. How-
ever, refractory VF remains a challenge for diagnosis and
treatment. Here, the authors report a case of a patient who
underwent an ACC procedure during aortic valve replace-
ment (AVR) and received coronary artery bypass grafting
(CABG) for the treatment of postoperative refractory VF.

Case Presentation

The patient, a 52-year-old woman, recently developed
chest tightness and shortness of breath with palpitations af-
ter activity without obvious inducement, and then gradu-
ally developed symptoms of holding up at night and orthop-
noea. She had a previous history of hypertension, ischemic
cerebral infarction and tobacco use. Auscultation on ward
rounds suggested rapid atrial fibrillation, but an electrocar-
diogram suggested an atrial flutter (Fig. 1). On physical
examination, the patient’s pulse was 72 bpm, the heart rate
was 80 bpm, the heart rhythm was irregular and a diastolic
water-spitting murmur could be heard in the aortic valve
auscultation area. Transthoracic echocardiography showed
that the ascending aorta was dilated to a maximum width
of 4.1 cm; the LA dimension was 4.2 cm. The LV dimen-
sion was 5.3 cm at diastole. The thickness of the LV pos-
terior wall was 0.9 cm, the ejection fraction was 56%, the
echo of the aortic valve was enhanced and thickened and the
AV area was 1.6 cm2. The reflux area was 10.2 cm2 in the
AV, 6.1 cm2 in the mitral valve and 3.0 cm2 in the tricuspid
valve. Coronary angiography showed no significant coro-
nary disease. Preoperative coronary computed tomography
angiography (CTA) showed 20%–30% proximal obstruc-
tion in both the left anterior descending and right coronary
arteries and 10% proximal obstruction at the left circum-
flex artery. Electrolyte disturbance and an acid-base im-
balance can easily occur in the perioperative period and are
also a potential cause of ventricular arrhythmia. Blood gas
tests were performed on patients immediately after enter-
ing the operating room, before relapse and after cardiopul-
monary bypass. The blood gas analysis results are shown in
Supplementary Table 1. The results indicated that the pH
changed little in the three time periods, and PO2 increased
significantly after cardiac relapse. The content of HCO3

decreased gradually.
The patient received a modified maze procedure of ra-

diofrequency ablation, mitral repair, left atrial appendage
closure and mechanical AVR successively under general
anaesthesia and CPB. The patient’s blood gas was normal
at the start of surgery, the first cardioversion and the end
of the cardiopulmonary bypass. Intraoperative temperature
control was regulated by experienced CPB physicians.

First, the great cryptic vein bridge was prepared. From
the left medial ankle of the lower limb along the great
saphenous vein to the middle and upper leg, the blunt-free
great saphenous vein was carefully ligated and cut off each
branch of the great saphenous vein. 20 cm section of this
vein was removed and placed in heparin saline for later use.
The lower leg incision was sutured layer by layer and there-
after wrapped with pressure. Subsequently, a great saphe-
nous vein bridge anastomosis was performed. After the lu-
men was cut with a small sharp knife, there was no blood
in its proximal end and a small amount of blood back in
the distal end. We hypothesize that this is due to plaque in
the right coronary artery or calcified debris from the aortic
valve blocking near themidsection, which could explain the
recurrent ventricular fibrillation. We chose to enlarge the
incision to the distal and proximal ends with a length of 5
mm and measured the distal patency aperture greater than
1.5 mm through the incision with a coronary artery probe
to solve the blood flow problem, which could explain the
phenomenon of repeated ventricular fibrillation. The inci-
sion was extended to the distal and proximal ends, with a
length of 5 mm. The coronary artery probe was used to
measure the distal patency diameter greater than 1.5 mm.
The great saphenous vein was aligned with the coronary
anastomosis and anastomosed continuously with a 7-0 Pro-
lene™ double-headed line. After completing the anasto-
mosis, it was checked to ensure no blood leakage. The aor-
tic wall was clamped with aortic lateral wall forceps, and
a hole with a diameter of 4 mm was made in the aortic
lateral wall with a hole punch. The proximal ends of the
right coronary great saphenous vein bridge and the aortic
lateral wall were sutured continuously with a 6-0 Prolene
line. After the above anastomosis was completed, the as-
cending aorta was opened, and 5–6 holes were inserted in
the great saphenous vein bridge with a 7-0 Prolene needle to
discharge the air accumulation in the vascular bridge. Then,
the vascular bridge was opened without damage to the vas-
cular clamp, and the heart rate gradually returned to a sinus
rhythm, with a rate of 110 beats/min. Vascular bridge per-
fusion was good, the coronary flow was 32 mL/min, the
perfusion index was 0.8 and VF did not recur.

Following the intracardiac operation, the ACCwas re-
leased to restore autoperfusion. The spontaneous recovery
of heartbeat was poor and recurrent VF occurred. Warm
perfusion of the aortic root and DC shocks restored si-
nus rhythm, but the heart rate was slow. Epinephrine was
used to increase the heart rate, but the effect was not ob-
vious. A temporary pacing lead was placed on the sur-
face of the right ventricle to prevent a slow postoperative
heart rate. Epinephrine and dopamine were used to sup-
port cardiac function. The VF was found to be resistant
to lidocaine, amiodarone and DC shocks. The position of
the aortic valve and the ostium of the coronary artery were
explored after cardiac re-arrest, but no errors were noted.
After re-releasing the ACC, VF recurred despite multiple
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Fig. 1. Electrocardiogram on admission, showing ectopic rhythm, atrial flutter, poor R-wave increase in V1–V3 leads, left atrial
hypertrophy and ST-T changes.

DC shocks (30 J). Since most of the nourishing arteries of
the atrioventricular node start from the right coronary artery
(RCA) at the atrioventricular junction, it was suspected that
the refractory VF resulted from the RCA insufficiency. Af-
ter communicating with the patient’s family members, the
great saphenous vein was used for CABG. After the lumen
of the RCA was dissected, there was no blood in the prox-
imal part and a small amount of blood return in the distal
part. After the anastomosis, the ACC was released, and
the heartbeat recovered well and gradually returned to sinus
rhythm without VF. The patient had an uneventful postop-
erative recovery and was discharged on the tenth postoper-
ative day.

Discussion and Conclusions

In this case, the patient had refractory VF after the
ACC release, and there was still no cardioversion follow-
ing the application of lidocaine, amiodarone and multiple
DC shocks. Warm blood perfusion and cardiac surface ex-
ploration ruled out the possibility of an air embolism, and
the possibility of artificial valve blocking ostia of the coro-
nary artery was also ruled out. Because most of the blood
supply of the atrioventricular node (92.3%) originates from
the RCA at the atrioventricular junction, the RCA lesions
are prone to arrhythmia according to clinical experience.
Although preoperative coronary CTA reported an eccentric
low-density shadow in the proximal segment of the RCA,
and the corresponding lumen stenosis was 20%–30%, the
authors strongly suspected that the VF had been caused by
RCA insufficiency.

During the operation, after the lumen of the RCA was
dissected, there was no blood in the proximal part and a
small amount of blood return in the distal part, which was
consistent with the authors’ clinical judgement. It was
thought that the plaque in the proximal segment of the RCA
had been shed or the calcified debris of the AV had fallen
into the RCA and blocked the proximal and/or middle seg-
ment of the RCA due to improper procedure, resulting in
ischemia in the right coronary supply area; this could de-
crease the resting threshold of cardiomyocytes, increase ex-
tracellular potassium and decrease ATP-dependent potas-
sium currents. These changes result in an ‘injury current’
that has been shown to increase abnormal automaticity, and
the resulting rapid activation can aid the initiation of VF [6].
The primary treatment for VF caused by acute ischemia is
coronary revascularisation. The authors performed CABG
on the RCA using the great saphenous vein. After the
anastomosis, the patient gradually returned to normal sinus
rhythm without VF, which further supported the above de-
cision.

Electrical storm syndrome is a life-threatening con-
dition related to incessant ventricular arrhythmias. Ur-
gent coronary angiography and revascularisation should be
part of the management of patients experiencing electrical
storms, as well as antiarrhythmic drug therapy and/or abla-
tion of ventricular tachycardia. Acute myocardial ischemia
can lead to ventricular fibrillation, and clinical observation
has found that right coronary disease is prone to arrhyth-
mia. Although the patient underwent a coronary CTA ex-
amination before surgery, there was no obvious stenosis in
the right crown. However, the authors strongly suspect that
the right coronary artery blood supply was involved during
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the operation. After cutting the lumen of the right coronary
artery trunk with a small knife, no blood was seen at the
proximal end and a small amount of blood returned at the
distal end, which confirmed the above conjecture. How-
ever, after the right coronary artery blood supply was re-
stored, intractable VF disappeared. Based on this outcome,
there is a causal relationship. Therefore, despite the exclu-
sion of severe coronary stenosis by preoperative coronary
angiography or CTA, the possibility of coronary artery se-
vere stenosis or occlusion should be considered for refrac-
tory VF after ACC release during CPB, and CABG is an al-
ternativemethod. The limitation of our study is that we only
judged patients with arrhythmia due to RCA lesions based
on clinical experience and did not further verify whether VF
was caused by RCA insufficiency. What’s more, we have
checked the content of the article (Supplementary Table
2).
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