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Introduction 

Primary total correction of symptomatic tetralogy of Fallot in children less than 

two years of age has been performed since 1964 in Kyoto University Hospital, using 

our technique of <Jeep hypothermia with surface cooling and partial cardiopulmonary 

bypass1ド6>.There has been only one operative death in 26 procedures during this time. 

Operative mortality is no longer the limiting factor for performing total correction 

of this lesion in this age group. The long-term hemodynamic and anatomical results 

are now the most important factors which determine whether the early primary total 

correction is more advantageous than the conventional two stage operation. 

Late hemodynamic results of tetralogy of Fallot under 2 years of age have been 

reported only by Starr and his associates7>8>. They often used an outflow patch to 

relieve the pulmonic stenosis. We did not use an outtflow patch in our series of 26 

patients even in casεs of markedly hypoplastic outflow tract of the right ventricle 

and the pulmonary artery. 

The purpose of this paper is to describe the late postoperative hemodynamic and 

angiocardiographic findings in 15 children who underwent total correction in their 

first two years of life. 

Material and Method 

From December 1964 through December 1972, twenty-six patients younger than 

two years of age underwent corrective operation for tetralogy of Fallot as the primary 

procedure in Kyoto University Hospital. The patients ranged in age from 3 to 23 
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months with an average of 16.3 months, and their weight at the time of surgery 

ranged from 4.9 to 11.8 kg with an average of 8.9 kg. 

Preoperative right heart catheterization with or without combined left heart 

catheterization was performed in all 26 patients. Except for the first 5 patients selective 

biplane angiocardiography and cine angiocardiography were also performed. The 

diagnosis of tetralogy of Fallot was established preopεratively by these examinations. 

All 26 patients exhibited cyanosis at rest, and 19 out of 26 patients experienced 

anoxic spells. Medical treatment including Propranolol was usually effective to reduce 

the frequency and severity of these spells, however, 4 of 19 patients did not 

respond to any medical measures including administration of Propranolol, sedatives, 

narcotics, oxygen and fluid therapy. Primary total correction was performed as an 

emergency procedure to these 4 patients. 

In all but the first patient the technique of deep hypothermia, which has been 

developed by our group, was used. This procedure consists of surface cooling, total 

circulatory arrest, and use of partial cardiopulmonary bypass. The partial bypass 

was used at the terminal stage of the cooling process, for cardiac resuscitation, and 

central rewarming. The first patient was operated upon using simple deep hypothermia, 

that is, surface cooling and surface rewarming. 

There was only one hospital death out of 26 patients. One late death occurred 

2 years and 2 months after surgery, unrelated to the op巴ration.

All patients had similar operations. A transverse right ventriculotomy was used. 

lnfundibular stenosis was relieved mainly by wedge resection of the medial muscle 

of the infundibulum, more specifically the parietal band and the right portion of the 

crista supraventricularis. The anterior wall of the right ventricular outflow tract 

was thinned by excising the deeper layer of the myocardium as necessary. However, 

the septal band was left intact in most cases to maintain the proper postoperative 

right ventricular contraction. The valvular stenosis, if any, was relieved by incising 

the commissures at 2 or 3 points. The small annulus of the pulmonary valve, which 

was the most formidable type of obstruction, was incised medially and laterally and 

was dilated as much as possible using a miniature type of Gerbode’s tran ventricular 

mitral valve dilator and/or Regar dilators. No outflow patches. were inserted even in 

the cases of severely hypoplastic pulmonary valve annuli, as small as 5 mm 

in inner diameter or one-third of the diameter of the aortic root. The ventricular 

septal defect was closed in all cases with duplicated autologous pericardial patch. 

Intracardiac pressures were measured with a strain-gauge manometer after the repair 

before the chest was closed. 

Result 

Postoperative cardiac catheterization and selective biplane angiocardiography have 

been performed in 15 unselected patients from 5 months to 6 'y回rsand 3 months 
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(average 2 years and 3 months) after surgery to obtain an objective analysis of the 

early operation. 

The systolic pressure of the right ventricle in 15 patients in the late postoperative 

period ranged from 24 to 71 mmHg (avarage 45 mm  Hg). The systolic pressure of the 

main pulmonary artery was in the range of 20 to 31 mm  Hg (average 25 mm  Hg). The 

systolic pressure gradient between the right ventricular inflow and the pulmonary 

artery ranged from 0 to 55 mm Hg (average 21 mm Hg). 

Five of 15 cases had mild pulmonary regurgitation, which was detected by 

angiocardiography and or auscultation and phonocardiography. All 5 cases, had a 

diastolic pressure gradient across the pulmonary valve from 5 to 13 mm Hg (average 

9.6 mm  Hg). In these cases the right ventricular end-diastolic pressure was less than 

8 mm Hg, ranging from 0 to 8 mm  Hg (average 5.2 mm Hg). 

No residual left to right or right to left shunt was found by cardiac cathete-

rization and/or radiocardiography in any of these cases. Neither complete heart block 

nor pulmonary hypertension was noted. Arterial oxygen saturation was normal in 

all but 2 patients who were crying during the study (Table 1). 

Table 1. Results of postoperative catheterization in 15 patients. 
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*At crying 

The right ventricular systolic pressure and the systolic pressure gradient between 

the right ventricular inflow and the pulmonary artery immediately after the repair 

were remarkably high in some cases, probably related to our technique of relieving 

the obstruction yet not inserting the outflow patch to relieve the annular stenosis of 

the pulmonary valve as described above. As the postoperative period lengthened, the 
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right ventricular systolic pressure and the systolic pressure gradient between the right 

ventricular inflow and the pulmonary artery lessened (Fig. 1, 2). This may be due 

to the natural corrective growth of the right ventricular outflow tract and the annulus 

Right vent「1cu'arsystolic r'rιSU「P Right ventricle to ::ll¥rncnary a「tery
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of the pulmonary valve which would occur postoperatively in such young children. 

The right venticular/left ventricular or systemic arterial peak pressure ratio 

seemed to be one of the 立10stconvenient indicators to evaluate the success of the 

relief of the pulmonary stenosis. In the late postoperative period it was lower than 

0.7 in all patients, ranging from 0.21 to 0.69 (average 0.42), whereas the values im-

mediately after the repair in these cases were from 0.31 to 1.50 (average 0.69) (Fig. 3). 

The measurement of the diameters of the pulmonary valve annulus and the aortic 

root was made from the angiocardiography in 14 out of 15 patients in whom the 

angiocardraphy was performed preoperatively and/or postoperatively. Twelve of 14 

patients were studied both pre-and postoperatively, 2 only postoperatively. The 

diameters of the pulmonary valve annulus at the base of the cusps and the ascending 

aorta at the midpoint between the aortic arch and the aortic valve were measured 

on the lateral view of serial angiocardiograms in their late systolic periods. 

Comparison of the diameters of the pulmonary valve annulus pre and postoperatively 

revealed that the preoperative small annulus (range: 9 18 mm, average 11.8 mm  on 

angiocardiograms) had become larger in the course of the postoperative period (range: 

15-23 mm, average 18.7 mm). On the other hand, the diameter of the ascending aorta, 
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which was uniformly large preoperatively (range: 16-26 mm, average 20.6 mm), had 

not enlarged as significantly as that of the pulmonary valve annulus in the late 

postoperative period (range: 21-31 mm, average 24.8 mm) (Fig .. 4）・ Theratio of the 

diameters of the pulmonary valve annulus to the ascending aorta increased from the 

preoperative average value of 0.58 to a postoperative one. of. 0.75 (Fig. 5). This司ug-

gests that the abnormally small pulmonary valve annulus and abnormally large aorta 

Maximal dp/dt of Right Vent「icI e 

rnmHg/sec 

150J 

．＼、

Precp 1 2 3 4 5 fJ Years 
postop. 

Fig. 6. Comparison of pre-and postoperative maximal 
dp/dt of the right ventricle. 

of the tatralogy may be corrected ii:i, the course of the postoperative period in this 

group. 

Maximal dp; dt of the right ventricle markedly decreased postoperatively, con-

comitant with the decrease of the right ventricular systolic pressure (average pre 

operative value of 1425 mm Hg to average postoperative 403 mmHg) (Fig. 6). 

Clinically, all surviving patients are now asymptomatic and their growth patterns 

are normal. 

Discussion 

The management of severe, symptomatic infants and children with tetralogy of 

Fallot remains a matter of debate. A palliative proc巴durefollowed later by a secondary 

correction has been recommended in most centers except for a few where a primary 

total correction is performed in selected cases9> 10l 11) 
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We have performed primary total correction of symptomatic tetralogy of Fallot 

even in patients younger than two years of age, using the deep hypothermia technique 

described previously1J-6l. 

In our experience, the total correction can be well tolerated even at this early 

age, and the postoptoperative clinical improvemen~－ is dramatic. However, the long-

term results of this procedure must await the バ部t、oftime. Taussig12i stated at the 
8th International Congress of Cardiology that “~h.e gl'.eat unanswered question is the 

long-term results, especially wh.en the operation is performed on a child”. Malm also 

stated“it is important that not only the mortality rate influence our decision, but the 
late hemodynamic results as well”in the discussion following Dobell’s presentation 10'. 

The late results described here strongly suggest that early primary correction of 

the tetralogy of Fallot may be a reasonable procedure and may have some hemo-

dynamic and anatomic advantages over total correction on older children. The right 

ventricular systolic pressure, the systolic pressure gradient between the tight-v~ntt'­

icular inflow and the pulmonary artery, and the right ventricular /left ventricuiar or 

systemic arterial peak pressure ratio fell markedly during the postoperative period, 

and there was a tendency for further decrease as the postoperative period lengthened. 

Anatomically, in accordance with these pressure measurements, it was demonstra-

ted that the pulmonary valve annuli and the pulmonary arteries increased in size but 

the aorta did not show a comparative increase in the late postopεrative period. This 

may be explained by the postoperative development of the right ventricular ourflow 

tract and the pulmonary arteries owing to the increased blood flow in the pulmonary 

circulation. ム

Even if the right-ventricular pressure, the pressure gradient between the right 

ventricle and the pulmonary artery, and the right ventricular/left ventricular or 

systemic arterial p~ak pressure ratio remain high immediately after primary total 

correction in young children,・ they will improve markedly in the late postoperative 

period. This was true even when the immediate postoperative pressure in the right 

ventricle exceeded: left ventricular pressure. These results differ from other reports 

13l14l15l16Jl7> on older children, in which the late postoperative pressures and the pressure 

ratio were similar or slightly less than immediate postoperative period. 

Considering the natural course of tetralogy of Fallot without surgery that the 

severity of obstructfon .of the right ventricular outflow tract, the pulmonary valve 

annulus, and the pulmonary artery progress, it would seem that the patient who can 

not tolerate correction without outflow tract patch in older age may tolerate in early 

age without a patch. 

Incidence and severity of postoperative pulmonary regurgitation were less than 

that reported by others7l13日5>16l17>18>,perhaps because we do not insert the outflow 

tract patch across the pulmonary valve annulus even in cases of severe stenosis, if 

the inner diameter.of ~he pulmonary valve annulus is more than 5 mm or one-third 

of the diameter of the aortic root. The long terrp results of the postop色rativepulmo-
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nary時 ugita山 nand also those of the outflow patch including that of an aor山 or

pulmonary homograft prostheses have been under debate. It is apparent, however, 

that the insertion of the outflow patch must be avoided if possible. 

Residual shunt is one of the most important factors that influence the long-term 

results of the correction of tetralogy of Fallot. No residual shunt was found in this 

series by cardiac catheterization and/or radiocardiography. Even a ventricular septal 

defect in the small heart of an infant is easily closed using our deep hypothermia 

technique which offers a completely bloodless and motionless operative field with a 

flaccid myocardium. 

Summary 

Twenty six patients younger than 2 years of age underwent corrective surgery 

for tetralogy of Fallot as the primary procedure from December 1964 to December 

1972 in Kyoto University Hospital. There were one hospital death and one late death. 

Fifteen unselected patients out of 24 survivors were evaluated by cardiac cathe-

terization and angiocardiography from 5 months to 6 years and 3 months (average 2 

years and 3 months) after surgery. 

Total correction was performed using our unique technique of deep hypothermia 

with surface cooling and combined use of the partial cardiopulmonary bypass in all 

exc色ptfor the first case. 

Relief of the outflow tract obstruction was obtained mainly by wedge resection 

of the hypertrophied medial muscle and incision and mechanical dilatation of the 

pulmonary valve and the pulmonary valve annulus as necessary without insertion of 

an outflow patch. 

Remarkably high right ventricular systolic pressure (average 78 mmHg) and the 

pressure gradient between the right ventricular inflow and the pulmonary artery 

(average 55 mmHg)immediately after the repair became lower in the late postoperative 

p巴riod(average 45 mmHg and 21 mmHg respectively). Average right ventricular/left 

ventricular or systemic arterial peak pressue ratio also decreased from 0.69 to 0.42. 

Pulmonary regurgitation was observed in 5 out of 15 patients but, when present, it 

was mild. 

Preoperative small annuli of the pulmonary valve (average 11.8 mm on angioca-

rdiograms) became relatively larger (average 18.7 mm) and preoperative large aorta 

(average 20.6 mm) became relatively smaller (average 24.8 mm) in the late postoperative 

period when evaluated by angiocardiography. The diameter ratio of the pulmonary 

valve annulus to the ascending aorta increased from 0.58 to 0.75. 

These results indicate that natural corrective growth of the heart may occur 

postoperatively in th巴 youngchildren, and excellent late hemodynamic and anatomic 

results can be expected by the early primary total correction of tetralogy of Fallot 

without excess outflow tract reconstruction. 
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2才未満で1期的根治手術を行なったフアロー

四徴症の血行動態的遠隔成績
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昭和39年12月から47年12月まセの約8年聞に京都大 均 78mmHg），右室・肺動脈収縮期圧較差（平均 55

学第2外科に於て2才未満のフアロ 四微症26例に対 mm  Hg）および右室／左室・収縮期圧比（平均0.69)

して1期的根治手術を行ない，手術死1例，手術と関 は遠隔時には著明に低下し，夫々平均 45mmHg,21 

係のない遠隔死1例の成績を得た． mm  Hg, および0.42の値を示した．特に興味バいの

24例の生存例は全て健康な日常生活を営んでいる は，術後の経過年月の長い症例程これらの諸値が正常

が，そのうちの15例に対して，院術後5カ月から 6年3 化する傾向を示したことである．

カ丹（平均術後2年3カ月）に亘って心臓カテーテル 1また心血管造影像から測定した肺動脈弁輪部と上行

検査および心血管造影を行なって血行動態的遠隔成績 大動脈との直径比ば術後遠隔時には術前の平均0.58か

を検討した． ら0.75へど増大し，これは肺動脈が術後大動脈に比し

尚， t関心術補助手段としては第1例を除いては全例 て著るしく発育が促進され正常化する傾向を有するこ

教室で開発発展せしめた表面冷却による超低体温法に とを示すものである．尚，術後遺残短絡例はなく，肺

部分体外循環を併用する方法を用い，右室流出路狭窄 動脈弁閉鎖不全は軽度のものが5例lとみられたに過ぎ

の解除には主として Parietalbandおよびこれと肺 ない．

動脈弁輪までの聞の右室流出路右側壁筋肉の検状切除 以上の成績は，本症に対する早期根治手術では血行

により対処し，肺動脈弁狭窄および弁輪狭窄には弁お 明暗的にも解剖学的にも術後年月の経過ど共に自然に

よび弁輪部の切開と拡張器による可及的拡大にとど 矯正されて正常化する傾向が強〈，乳児期ないしは2

め，たとえ重症例といえども流出路パッチは使用しな 才未満に於ける根治手術の妥当性を示すものと考え

い方針をとった． ヘ る．

その結果［士，術直後の比較的高い打室収縮期圧（平


