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Abstract

Clinical implications of ventricular 

fibrillation vs. heart-beating 

technique during cardiopulmonary 

bypass for pulmonary valve 

replacement 

Lee Jieun 

Department of Anesthesiology and Pain Medicine 

The Graduate School 

Seoul National University

Objectives : This is a retrospective study of patients with 

repaired tetralogy of Fallot (TOF) who received 

cardiopulmonary bypass (CPB) for simple pulmonary valve 

replacement (PVR). We compare the clinical outcomes of 

patients with ventricular fibrillation with those who had a 

beating heart during CPB.

Methods : We retrospectively reviewed the data of 47 

repaired TOF patients at a single institution who received 

simple PVR under ventricular fibrillation or beating heart 

without cardioplegic cardiac arrest during CPB from January 

2005 to April 2015. 

Results : Patients were divided into fibrillation (n = 32) and 

beating heart (n = 15) groups. The fibrillation group had a 
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larger sinotubular junction (27.1 ± 4.6 vs. 22.1 ± 2.4 mm, P

= 0.006), longer duration of operation (396 ± 108 vs. 345 ± 

57 min, P = 0.039), required more postoperative transfusions 

(2.1 ± 2.6 vs. 5.0 ± 6.3 units, P = 0.03), and needed more 

vasoactive-inotropic score at admission to the ICU (8.0 vs.

10, P = 0.008). Echocardiographic data indicated the systolic 

internal diameter of the left ventricle (LV) was larger in 

fibrillation group immediately after surgery and at the 1-year 

follow-up. Major adverse cardiac events occurred in 3 cases, 

all in the fibrillation group. Among the 7 patients in the 

fibrillation group with trans-esophageal echocardiography 

data during CPB, 6 had fully opened aortic valves during 

fibrillations, resulting in flooding into the LV and LV 

distension.

Conclusions : Ventricular fibrillation technique during CPB 

for PVR in patients with repaired TOF is associated with 

worse postoperative outcomes than the heart-beating 

technique. 

Keywords : Cardiopulmonary bypass; pulmonary valve 

replacement; tetralogy of Fallot; ventricular distension; 

ventricular fibrillation  

Student Number : 2014-25051
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Introduction

Management of the heart during cardiopulmonary 

bypass (CPB) for cardiac surgery varies according to 

institution and surgical plan. There are cardioplegic method 

(blood or crystalloid cardioplegia, antegrade or retrograde 

infusion of cadioplegia) and non-cardipoplegic method 

(ventricular fibrillation or heart-beating).[1-3] Meanwhile, 

heart-beating or hypothermic ventricular fibrillation 

techniques can be used in procedures such as pulmonary 

valve replacement (PVR) without aorta cross-clamping when 

there is no definite intracardiac defect.[2, 4, 5]

The hypothermic ventricular fibrillation during cardiac 

surgery has some benefits as follows[6]; continuous coronary 

perfusion can be maintained and surgeon can easily control 

the operation field, avoiding the flooding from right ventricle 

by contraction when pulmonary artery is open. However, 

there have been controversiesregarding the myocardial 

ischemia between the two methods.[7, 8] There may be a 

concern about increased myocardial energy consumption in 

ventricular fibrillation because it is hyperactive state when 

compared to heart-beating condition. On contrary, arecent 

retrospective study showed that hypothermic ventricular 

fibrillation was preferred methods with good clinical outcomes 

after coronary artery bypass surgery.[2] 

We assumed that heart-beating and ventricular 

fibrillation techniques during CPB may have similar influences 

on myocardial oxygen consumption in an empty heart. 



2

However, when the LV is inadequately decompressed, the 

balance of oxygen supply and demand of the myocardium 

would be more impaired in ventricular fibrillation, because 

the LV is continuously distended. LV distension is associated 

with increased intraventricular pressure and impaired 

myocardial perfusion. 

Progression of pulmonary regurgitation and right 

ventricle (RV) dilatation are common indications for PVR 

after early surgical repair in patients with tetralogy of Fallot 

(TOF).[9] Aortic root dilation, with progressive aortic 

insufficiency, is a common late-postoperative complicationof 

TOF.[10] Geometric deformation of the aortic valve during 

implantation of an artificial pulmonary valve can cause 

increased volume of aortic regurgitation during CPB, leading 

to LV distension and myocardial ischemia.  

There are limited data on the effect of hypothermic 

ventricular fibrillation and beating heart strategies during 

CPB on clinical outcome after PVR. The purpose of this study 

is to compare the effects of the two techniques during CPB 

on postoperative outcome after simple PVR in patients with 

repaired TOF.
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Materials and Methods

Study population

This study was approved by our local Institutional 

Review Board (approval no.: H1605-025-760), and the 

requirement for written informed consent was waived. We 

reviewed the medical records of all patients who underwent 

TOF repair in infancy and were admitted to our institution 

for PVR between January 2005 and April 2015. We included 

the patients who receivedsimple PVR due to moderate to 

severe pulmonary regurgitation. The timing of PVR in 

patients with pulmonary regurgitation is usually determined 

when there is increased RV end-diastolic volume index> 

150-170 mL/m2 measured by MRI, decreased RV and LV 

function, recurrent arrhythmia, or symptom such as 

exerciseintolerance or dyspnea following discussions among 

attending pediatric cardiologists and cardiac surgeons. We 

excluded patients who underwent other complex procedures, 

such as replacement of the RV outflow tract conduit, 

extensive pulmonary artery angioplasty, and excision of the 

infundibulum. Patients with preoperative infective endocarditis 

were also excluded. 

Intraoperative strategy including surgical and CPB technique 

A sternotomy was performed and cardiopulmonary 

bypass was instituted with single venous and ascending aorta 

cannulation. CPB was conducted with non-pulsatile flow and 
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mild to moderate hypothermia (28–32°C). Ventricular 

fibrillation occurred spontaneously during hypothermia, or 

was induced using a fibrillator. We divided patients into two 

groups (the "beating heart"group vs. the "fibrillation" group) 

according to the CPB strategy. If ventricular fibrillation was 

left or induced, we consider the patients as fibrillation group. 

If spontaneous fibrillating heart was defibrillated immediately 

and returned to normal sinus rhythm, we consider that case 

as beating heart group. 

A bioprosthetic valve (Hancock II, Medtronic, USA) was 

implanted for PVR using multipleinterrupted 3-0 Ethibond 

suture. The incised main pulmonary artery was widened with 

Gore-Tex patch using 4-0 Gore-Tex continuous suture at the 

level of pulmonary annulus. When pulmonary valve was 

completely implanted, temperature was gradually increased 

and defibrillation was performed if necessary in fibrillating 

heart. A vent catheter was inserted through the aortic root 

and/or right upper pulmonary vein, according to the 

surgeon’s discretion in the fibrillation group. No vent 

catheter was used in the beating heart group.

Data collection and definitions

Two experts who performed pediatric cardiac 

anesthesia reviewed the following electronic medical records 

and intraoperative TEE data during CPB: type of operation; 

preoperative echocardiographic and cardiac magnetic 

resonance imaging (MRI) data; duration of operation and CPB; 
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duration of fibrillation; intraoperative peak lactate level; 

postoperative echocardiographic data and cardiac MRI 

results, including left ventricle internal diameter (LVID); 

amount of transfused blood; duration of mechanical 

ventilation (MV); duration of stay in the intensive care unit 

(ICU); and postoperative major adverse cardiac events 

(MACEs), including non-fatal cardiac arrest, myocardial 

infarction, congestive heart failure, new cardiac arrhythmia, 

and death.[11]

The use of inotropic and vasoactive medications was 

also recorded. The vasoactive-inotropic score (VIS) was 

calculated as follows[12]: (dopamine dose, µg/kg/min + 

dobutamine dose, µg/kg/min + 100)  (epinephrine dose, 

µg/kg/min + 10)  (milrinone dose, µg/kg/min + 10,000)  

(vasopressin dose, U/kg/min + 100)  (norepinephrine dose, 

µg/kg/min). The VIS score at 0, 24, 48, and 72 h after 

surgery was recorded in all patients.

Statistical analysis

All data were analyzed using SPSS, ver. 19 (SPSS, 

Inc., Chicago, IL, USA). For each comparison, we used the 

Kolmogorov-Smirnov test to determine if the data had a 

normal distribution, and then used Student’s t-test or the 

Mann-Whitney U-test to evaluate differences between groups. 

Data are presented as means (standard deviations) or as 

medians(interquartile ranges). Categorical data were analyzed 
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using Fisher’s exact test. A P value less than 0.05 was 

considered statistically significant.
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Results

Between January 2005 and April 2015, 114 patients at 

our institution underwent simple PVR due to pulmonary 

regurgitation after repair of TOF in infancy. We excluded 79 

patients, 56 who received operation under cardioplegic 

cardiac arrest and 11 whose medical records regarding CPB 

strategy were unclear. We finally analyzed the data of 47 

patients, 32 in the fibrillation group and 15 patients in 

beating heart group. 

Clinical outcomes

The beating heart and fibrillation groups had no 

significant differences in patients’ characteristics (Table 1). A 

vent was inserted in 11 patients in the fibrillation group. 

Analysis of the clinical data indicate the mean size of the 

sinotubular junction was significantly larger in the fibrillation 

group than the heart beating group (P = 0.006), although the 

two groups had no differences in the size of the aortic 

annulus and sinus of Valsalva. The 2 groups had similar 

presence and grade of aortic regurgitation (AR). There were 

also no significant differences in preoperative ventricular 

ejection fraction, RV end-diastolic volume, and size of the 

systolic and diastolic LV internal diameter.
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Beating heart 
(n = 15)

Fibrillation 
(n =32)

P value

Age (years) 15.7 ± 6.2 17.7 ± 5.9 0.091

Height (cm) 153.1±14.9 159.5 ± 16.2 0.222

Weight (kg) 45.6 ± 16.2 51.5 ± 15.6 0.120

Sex (M/F) 9/6 8/24 0.315

No. of previous cardiac 
surgeries 

1.5 (1.0–2.25) 1.0 (1.0 – 2.0) 0.541

Preoperative echocardiography 
and MRI data

Number of existence of AR 6 12 0.592

Aortic annulus diameter 
(mm)

23.2±3.6 24.3 ± 4.2 0.417

Aortic sinus diameter (mm) 32.5 ± 4.2 34.6 ± 5.0 0.272

Sinotubular junction size 
(mm)

22.1± 2.4 27.1 ± 4.6 0.006

PR   fraction (%) 39 ± 9 36 ± 13 0.519

RV EF (%) 40.2 ± 7.5 35.3 ±11.0 0.185

RV EDV   (mL/m2) 163 ± 46 186 ± 55 0.240

LV EF   (%) 58 ± 9 63 ± 11 0.150

Systolic LVID (mm) 27.2 ± 6.4 25.8 ± 5.8 0.470

Diastolic LVID (mm) 40.3 ± 7.3 40.3 ± 5.9 0.970

Table 1. Preoperative characteristics of the beating heart and 

fibrillation groups.

Numerical data are presented as mean s ± standard deviations or 

as medians (interquartile ranges)

Patients in the beating heart group had beating hearts during CPB; 
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patients in the fibrillation group had hypothermic ventricular 

fibrillation during CPB.

AR: aortic regurgitation, PR: pulmonary regurgitation, RV: right 

ventricle, EF: ejection fraction, EDV: end-diastolic volume, LV: left 

ventricle, LVID: LV internal diameter 
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Table 2 shows the intraoperative and postoperative 

variables of the two groups. The lowest intraoperative body 

temperature was significantly lower in the fibrillation group 

(P = 0.029). The two groups had similar durations of CPB, 

but the operative time was longer in the fibrillation group (P 

= 0.039). The mean duration of fibrillation was 77.1 ± 34.5 

min. Patients in the fibrillation group received significantly 

more blood during the postoperative period (P = 0.03). 

According to postoperative 1-year echocardiography data, the 

degree of AR was not changed. Only one patient in 

fibrillation group showed trivial mitral regurgitation (MR) 

whereas other patients had no significant MR after surgery.
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Beating heart 
(n = 15)

Fibrillation 
(n = 32)

P value

Lowest core   temperature during 
CPB (°C)

29.3 ± 2.0 27.5 ± 2.6 0.029

Intraoperative transfusion (Units)* 11.2 ± 6.3 10.8 ± 5.8 0.820

Postoperative transfusion (Units)* 2.1 ± 2.6 5.0 ± 6.3 0.030

Operation time (min) 345 ± 57 396 ± 108 0.039

CPB time (min) 129 ± 30 140 ± 50 0.458

Intraoperative peak lactate (mmol/L) 3.7 ± 2.7 4.0 ± 3.1 0.747

VIS, 0 h 8.0 (5.2 – 9.4) 10.0 (7.9-11.8) 0.008

VIS, 24 h 0.0 (0.0 – 8.1) 3.0 (0.0 - 7.5) 0.590

VIS, 48 h 0.0 (0.0 – 0.0) 0.0 (0.0 – 6.7) 0.067

VIS, 72 h 0.0 (0.0 – 0.0) 0.0 (0.0 – 2.0) 0.144

Total MV time (h) 9.5 (7.6 - 13.9) 14.2 (7.0 – 19.3) 0.304

ICU stay (h) 44.1 (21.2 – 44.1) 46.6 (23.2 – 91.7) 0.240

Hospital stay (days) 9.0 (8.0 – 13.0) 11.0 (9.0 – 18.8) 0.088

Number of MACEs 0 3 0.210

Immediate postoperative 
echocardiographic   data 

LV EF (%) 58 ± 9 63 ± 10 0.677

Systolic LVID (mm) 26.9 ± 6.0 29.0 ± 4.9 0.275

Diastolic LVID (mm) 39.9 ± 6.7 43.4 ± 3.8 0.044

Changes of systolic LVID (mm)† 0.6 ± 2.8 2.8 ± 6.4 0.028

Changes of diastolic LVID (mm)† 0.9 ± 3.6 2.1 ± 6.9 0.095

Table 2. Intraoperative and postoperative characteristics of the 

beating heart and fibrillation groups. 
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Beating heart 
(n = 15)

Fibrillation 
(n = 32)

P value

1-year follow up echocardiographic 
data 

LV EF (%) 61 ± 6 62 ± 10 0.677

Systolic LVID (mm) 29.5 ± 4.6 31.9 ± 6.3 0.043

Diastolic LVID (mm) 43.6 ± 4.8 47.0 ± 4.6 0.236

Changes of systolic LVID (mm)† 1.8 ± 5.9 5.8 ± 5.2 0.039

Changes of diastolic LVID (mm)† 2.5 ± 6.4 6.9 ± 5.6 0.043

All Values are presented as means ± standard deviations or 

medians (interquartile ranges) 

*Values are the sums of all blood products (packed red blood cells, 

platelets, cryoprecipitate, and fresh frozen plasma).

†Values are changes from preoperative measurements. 

CPB: cardiopulmonary bypass, VIS: vasoactive-inotropic scores, 

ICU: intensive care unit, MV: mechanical ventilation, MACE: major 

adverse cardiac event, LV: left ventricle, EF: ejection fraction, 

LVID: LV internal diameter 
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All patients received inotropic and vasoactive support 

intraoperatively and postoperatively. The VIS score at ICU 

admission was significantly higher in the fibrillation group (P

= 0.008). The immediate postoperative transthoracic 

echocardiographic findings indicated the diastolic LVID and 

the increase in systolic LVID were significantly greater in the 

fibrillation group. The 1-year follow-up echocardiographic 

findings showed that the systolic LVID and the increase in 

systolic and diastolic LVID were also significantly greater in 

the fibrillation group.

During hospitalization, 3 cases in the fibrillation group 

had MACEs: 1 patient had intermittent desaturation requiring 

re-intubation and bagging with an artificial manual breathing 

unit, and 2 patients had newly developed arrhythmia that 

required cardioversion. The fibrillation and beating heart 

groups had similar durations of MV and ICU stays and there 

were no postoperative mortalities in either group.

Intraoperative TEE 

TEE was performed intraoperatively in all patients. All 

of them showed moderate or severe pulmonary regurgitation 

with increased RV volume before PVR. Among them, TEE 

images during CPB were available in 10 patients who received 

surgery after October 2012 (3 in the beating heart group and 

7 in fibrillation group). The TEE image during CPB was not 

recorded because we had no specific interest in ventricular 

fibrillation during CPB before October 2012. These images 
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showed LV distension during fibrillation in 6 of 7 patients in 

the fibrillation group, but in none of the patients in the 

beating heart group. TEE confirmed that the aortic valve 

fully opened during fibrillations, resulting in flooding into the 

left ventricle and LV distension (Figure 1). Among 6 patients 

with LV distension, 3 patients had trivial aortic regurgitation 

while remained 3 patients showed no aortic valve abnormality 

preoperatively.  
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Figure 1. Representative transesophageal echocardiographic 

images of ventricular fibrillation during cardiopulmonary 

bypass.

AV, aortic valve; LA, left atrium; MV, mitral valve; RV, right 

ventricle 
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We detected MR in 3 of the 7 patients in the fibrillation 

group during ventricular fibrillation. In one patient, 

continuous-wave Doppler imaging indicated the MR velocities 

were approximately 3.5 m/s, and the aorta perfusion 

pressure was 58-72 mmHg (Figure 2).
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Figure 2. Representative continuous-wave Doppler images of 

mitral regurgitation (MR) during fibrillation of three patients 

(A, B, and C).  
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Discussion 

The major results of our study are that hypothermic 

ventricular fibrillation, rather than a beating heart, was 

associated with postoperative LV dilatation and larger amount 

of transfusion in the postoperative period. Additionally, 

patients receiving PVR under ventricular fibrillation during 

CPB required more inotropic and vasoactive support in the 

immediate postoperative period. 

There are limited data regarding influence of heart 

management during CPB for PVR on clinical outcomes. The 

results of our study suggest that myocardial injury is more 

common in the fibrillation group. There were 3 MACE cases 

in the fibrillation group but none in the beating heart group. 

In addition, VIS score, which reliably predicts morbidity and 

mortality after cardiac surgery[12-14], was significantly 

higher in the fibrillation group at admission to the ICU, but 

none of the patients in the beating heart group required 

inotropic or vasoactive support at 48 h and 72 h after 

surgery. The fibrillation group also received more 

postoperative transfusions, possibly because of lower body 

temperatures during CPB. 

Theoretically, the aortic valve should be closed, even 

during ventricular fibrillation, during CPB because the 

pressure of the aorta is greater than the left intraventricular 

pressure. However, we observed that the aortic valve 

remained open and floating during ventricular fibrillation in 

some of our TOF patients. In this situation, backward 
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pressure from the aorta is delivered to the LV, leading to 

severe LV distension. When the aortic valve is fully open, the 

systemic pressure is directly delivered to the endocardium, 

thereby impairing myocardial perfusion. TEE can easily detect 

this phenomenon.

Our available TEE data during CPB indicated that 6 of 

7 patients in the fibrillation group had LV distension, with a 

wide open aortic valve during ventricular fibrillation. We 

believe this phenomenon may be common in patients with 

repaired TOF who are receiving PVR under the condition of 

ventricular fibrillation. However, it is difficult for the surgeon 

to detect LV distension and a fully opened aortic valve in the 

surgical field. Additionally, this phenomenon is associated 

with an immediate adverse postoperative outcome. Therefore, 

we recommend TEE monitoring for detection of LV distension 

with the aortic valve opened when ventricular fibrillation 

develops during CPB.[15]

For patients with LV distension during fibrillation, the 

intraventricular pressure can be estimated using the 

simplified Bernoulli equation[16]: pressure gradient = 4  

(velocity)2. If the velocity of mitral regurgitation approached 

3.5 m/s during fibrillation, we can assume the 

intraventricular pressure would be more than 49 mmHg 

during and perfusion pressure of 58–72 mmHg. The 

estimated subendocardial perfusion pressure (difference of 

intraventricular pressure and aortic pressure) was below 20 

mmHg. Considering the range of aortic blood pressure 

needed to maintain autoregulation of coronary blood flow (45 
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to 150 mmHg in healthy subjects[17]), myocardial ischemia 

and delayed recovery of ventricular function would have 

occurred in these patients.

We can suggest some possible explanations for this 

phenomenon. First, a portion of the physiologic shunt, such 

as the bronchial artery and the Thebesian veins, which drain 

to the left side of the heart, might cause increase in LV 

pressure, LV distention, and opening of the aortic valve. If 

vent is not inserted, LV pressure would be increased and 

aortic valve would open. Therefore, insertion of a vent is 

highly recommended in ventricular fibrillation technique. 

Second, the geometry of the aortic root might change when 

the surgeon retracted the ascending aorta for better 

exposure of the pulmonary root during PVR. This may 

interrupt normal coaptation of the valve, and aggravate 

aortic regurgitation due to the distorted aorta. After the 

aortic valve opens, the LV pressure increases further, and 

valve closure then becomes difficult. Third, a change of flow 

mechanics in the sinus, associated with aortopathy, may be 

responsible. This effect seems to be associated with the 

larger size of the sinotubular junction in the fibrillation 

group. Aortic root and sinus dilation, media abnormality of 

the aorta, and reduced wall compliance are common in 

adults with repaired TOF[18], and these can change the flow 

mechanics through the aortic valve. The closing force of the 

aortic valve is associated with sinus cavity pressure, 

associated with fluid vortices, relationship between sinus 

ridge and cavity pressure, and flow pattern such as pulsatile 
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or steady flow through aortic valve[19]. Chronic changes of 

these structures can alter flow mechanics, and consequently 

may prevent adequate closure of the aortic valve, especially 

in the absence of ventricular contraction[19]. Although the 

extent of pathologic change in aortic structures may be 

related to aortic valve opening during ventricular fibrillation, 

further research is needed to clarify the exact mechanism.

Changes in LVID are also important. The two groups 

had similar preoperative LVID, but the immediate 

postoperative diastolic LVID and the 1-year postoperative 

systolic LVID were significantly longer in the fibrillation 

group. Importantly, only the fibrillation group had significant 

increases in the immediate postoperative systolic LVID, 

1-year postoperative systolic LVID, and diastolic LVID. This 

could be due to ventricular distension during fibrillation and 

post-fibrillation ventricular remodeling. Ventricular 

remodeling refers to changes in ventricular size, shape, and 

function due to mechanical, neurohormonal, and genetic 

factors.[20] Previous research indicates the extent of 

myocardial injury is related to the extent of chamber 

remodeling over time.[21] 

There were some limitations in our study. First, we 

could not compare the extent of myocardial damage in the 

two groups, because cardiac enzyme levels are not checked 

routinely after congenital cardiac surgery at our center. 

Second, TEE data during CPB were only available for 10 

patients, we could not reliably evaluate the incidence of 

ventricular distension during CPB and its association with 
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fibrillation. Third, the sample size was small, and this may be 

the reason for no differences between the groups in variables 

such as 48 h and 72 h VIS, MV time, and number of MACEs. 

In summary, our results indicate that ventricular 

fibrillation technique, rather than heart-beating technique, 

during CPB for PVR in patients with repaired TOF is 

associated with unfavorable postoperative outcomes. 

Ventricular distension can occur during ventricular 

fibrillation during CPB. TEE monitoring is useful to detect LV 

distention during CPB. 
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국문 초록

서론: 팔로씨 사징후 교정 수술을 받은 환자 중 심폐 우회로 하에 일

반적인 폐동맥 판막 치환술을 받은 환자를 대상으로 한 후향적 연구

이다. 본 연구에서는 유도적 심실 세동 하에 판막 치환술을 한 경우

와 심장 박동하에 시행한 경우 사이의 임상적인 차이를 보고자 하였

다.

방법 : 2005년 1월부터 2015년 4월까지 심폐우회로 하에 심정지 용

액의 사용없이 심실세동 또는 심장 박동 하에 단순 폐동맥 판막 치환

술을 시행한 팔로씨 사징후 교정 수술을 받은 47명의 환자의 자료를 

검토하였다

결과 : 환자 군은 심실 세동군 32명과 심장 박동군 15명으로 나뉘었

다. 심실 세동군에서 동성대동맥접합부의 길이가 길었고 (27.1 ± 4.6 

vs. 22.1 ± 2.4 mm, P = 0.006), 수술 시간이 길었으며 (396 ± 

108 vs. 345 ± 57 min, P = 0.039), 수술 후 수혈요구량이 많았고 

(2.1 ± 2.6 vs. 5.0 ± 6.3 units, P = 0.03), 중환자실 입실시 혈관

수축제-심근수축제 점수도 높았다 (8.0 vs. 10, P = 0.008). 심초음파 

자료에서 수술 직후 및 수술 1년 후의 좌심실 수축기 내경이 심실 세

동군에서 더 큰 것으로 나타났다. 주요 심장관련 합병증은 3명의 환

자에서 있었는데, 전부 심실 세동군이었다. 심실 세동군 중 7명에서 

심폐우회로 하에 시행한 경식도 심초음파 자료를 얻을 수 있었는데 

이중 6명에서 심실 세동 중 대동맥 판막이 완전히 열려 있어 좌심실

내로 혈류가 유입되어 좌심실이 팽만되는 것을 발견하였다.

결론 : 팔로씨 사징후 교정 수술을 받은 환자 중 심폐 우회로 하에 

일반적인 폐동맥 판막 치환술을 시행할 때, 심실 세동법은 심장 박동
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법에 비해 수술 후 부정적인 결과와 연관성이 크다.

주요어 : 심폐 우회로, 폐동맥 판막 치환술; 팔로씨 사징후; 심실 팽

만; 심실 세동
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