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ORIGINAL ARTICLE 
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Abstract 

The purpose oj this swdy is to compare intra-atrial conductioll (atrio-ventri· 
cular cOllduction and intraventricular condllction) ill children with l'ecundum at

rial :leptal defcct (ASD II) and pat(:nt duclus arteriosus (PDA) using His bwu[;e 
electrocardiogram (HBE). 

Six patienls with ASD /I and sevell with PDA, aged ranging from 3 to 11 
years. wene included in the study. The diagnoses of all cases were confirmed by 

cardiac catheterization. The results oj HBE studies showed that the PA, AH, HV. 

interval in ASD /I were 31.7 ± 7.6 I1Isec; 65.8 ± 16.8 msec; 42.5 ± 2.2 IIIsec; 

nnd in eDA were 25 =.: 7.8 msec; 77.9 ± 9.4 msec; 40 ± 3.8 I11sec respectively. 
The differences were statistically not significant (P > 0.05). 

The data showed that intra·atrial condHeNon in children with ASD II was 
not long.er than that in PDA and also there was no difference in atrioventricu· 

lar conductioll and intraventricular conductiol1, although childrell with ASD /I 

usually have a/mormal ECG. like riRll1 bundle hranch block . 

.t) Presented at· the VlIth Asinn - Pasifie Congress of Cardiology, Bangkok, Thail<lnd. 

2j·30 November, 1979. 
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Introduction 

The intracardiac electrogram or His 

bundJe eicctrocardiogram was first des

cribed by Alan and others using an iso

lated heart preparation . They were able 

to record a biphasic potential of the His 

bundle which they ca·lIed the His poten

tial. Scher lag and assooiates (1969) later 

showed that tl,is His (H) potelltial could 

be recorded consistently during cardiac 

catheterization. 

His bundle electrocardiogram (I-1I3E) 

was divided inhl three cnmponents : p

A interval, A - H interval and H -

V interval (Alldersen et al.. 19'13). 

There have been several subsequent 

repclfts on His bundle in adult, but there 

were Ilcss reports of such studies .in 

children (Abell et aI., 1972; Brodsky et 

aI., 1971; Roberts ancl Olley, 1972a; 

Anderson et aI. , 1973). His bundle might 

be expected to differ [rom that of adult 

[or two reasons (Roberts and Olley, 

1972b). (I) The child influenced the 

P-R i nterval and th is might affect the 

P-A, A-H or H-V interval l. (2) The 

heert rate influenced the P-R interval 

and thus similarly affected the P-A, 

A-H or l-l-V interval. 

They alsll sugge sted that this conduc

tion was not influenced by cardiac ab

normalities. 

The purpose of this study is to inves

tigate ;ntra-atrial clmciuction (A - V 

noda,1 conduction and His-Purkinje sys

tem ccndllcticn) in children \'/:th seclIn

dum atrial septal defects (ASD 1I) i1sing 

His bundle e1ectrocard·ingra11l (HBE), as 

compared with ch ildren with patent 

ductus arteri ous (PDA). 

Material and methods 

Six patients with secundum atrial sep

tal defects and seven patients with pa

tent ductus arteriosus were included in 

this study. The age ranged from 3 to II 

ye:trs. The diagnosis of a1\ cases was 

confirmed by cardiac catheteriz::ltioll. 

Tht: eleclfophysiologic stud·ies were 

obtailled during cardia!.: caU1eteriz�l

tion in all case�; and were rccon.:cd a� 

previous'ly described (Scherlag et al. 

1969; Roberts and Oiley, 1972a; Ander

S<lll et aI., 1973). A tripolar electrode 

catheler was introduced by way of the 

femoral vein or saphenous vein and was 

positioned acro�s the tricusp id vah'e so 

that His bundle could be obtained. 

(I) The P-A interval was measured 

from the onset of the P wave to the first 

major rapid deflection of the atrial wave 

in the intracardiac electrogram; it repre

sents the time [rom the earliest detectable 

evidence of atri:.d. muscle activation to 

the time o[ low right atrial activation, 

the so called intra-atrial conduction. 

(2). The A - H interval was measured 

from the first major rapid deflection o[ 

the atr'al wave to the onset of the His 

bundle deflection; it represents the time 

from the low right atrial aClivatiun to 

the ac tiv�tion of some part of the His 

hundle or proximal bundle branches. 

the so called A - V nodal conduction. 

(3) The H-V interval was measured 

from the Gilset of the His bundlie deflec

tion to the earliest deflection caused hy 
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the onset of ventr1lcular acmvation; it re

presents the time from the activation 

of the His bundle to the onset of ven

tricular muscle activation, the so called 

HIS - Purkinje system conduction. 

Results 

The vital statistics. physical findings 

and laboratory data of the patients stu

died were shown in table I. 

TABLE 1: Vital Statistics, Physical Examinations and Labora/ory Data of Patients 

Studied 

A S D  II G R OU P  

Phys. Exam. Lab. Exam. 

Wide 
fixed Ej. Cont. 

Patient Age (yrJ M/F BP 
RV LV Split Syst. Mur- Hb. Ht. RBC 

mmHg 2nd Mur- mur gm/ v% 
rniJ/ 

HS lOOml 

At [RN [0 F 120/80 + + + 14.8 40 48.6 
A2 NRH F- 105/60 + + + 15.5 45 4.82 
AJ SKM II F 100/70 + + + 12.6 38 4.42 
A4 MRN 12 F 120/80 + + + 12.4 38 4.24 
AS [FS I I  F 120/80 + + + 16.1 42 5.62 
A6 NRM II F 110/70 + + + 12.4 36 4.07 

PDA G R OUP 

Phys. Exam. Lab. Exam. 

Wide 
Ej. fixed Con<. Hb. RBC 

Patient Age (yrJ M/F BP RV LV Split Syst. Mur- gm! Ht. mill 
mmHg 2nd· Mur- mur 100 mI v% cmm 

HS 

B I HLD' 10 F 105/65 + + 12.6 35 3.78 
B2 END 6 M 95/60 + + 12.6 32 4.38 
B3 FRD F 80/50 + + 12.1 37 4.38 
B4 SRY F 95/60 + + 12.5 35 4.32 
B5 DNA F 95/60 + + 11.5 36 3.90 
B6 RKP F 95/60 + + 11.9 38 4.02 
B7 RTS F 90/60 + + 12.1 36 4.28 
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All of the six patients with secundum 

atrial septal defects (ASD II) were fema

le and six out of seven patients w,rth pa

tent ductus arterious (PDA) were female 

too. The age of the patients with ASD II 

ranged from 6 to 12 years with the ave

rage of 10 years. while the pauIents ",jill 

PDA ranged from 3 to 10 years with the 

average of 6 years. All of the patients 

studied had c1ass:cal physical findings. 

fixed split of the second heart sounds. 

soft ejection systolic murmur on the up

fer left sternal border and middiastolic 

murmur on the tricuspid valves area. 

Patients with PDA showed wide pulse 

pressure, contlinuous murmur on the in� 

fraclavicular areas; six out of seven pa

tients had mid diastolic flow murmur on 

the mitral valves areas. All of the pati

ents were not anemic; the hemoglobin 

contents. the hematocnit contents and the 

red blood cell counts of the two groups 

were not signiticantly different (Table I). 

Patients with ASD II showed incre

ased right ventricu'lar activl·tees. widely 

TAllLE 2: Electrocardiographic Data 0/ tile Patients Studied 

A S D II G R 0 U P 

Patient Age (yr) P axis QRS axis Taxis 

At IRN 10 + 30 + 110 -20 

A2 NRI-{ 6 + 60 + {15 0 

A3 SKM II + 60 +110 + 15 

A4 MRN 12 + 50 + ICO + :;0 

A5 IFS 1\ � 30 + lIS -20 
A6 NRM II + 60 + 140 + 

P D A G R 0 U P 

Patient Age (yr) P ax:s QRS axis Taxis 

BI HLD 10 + 35 + 70 + 50 

82 END 6 + 75 + 75 + 55 
B3 FRD + 55 + 70 + 75 

84 SRY + 60 + 50 + 60 

85 DNA + 25 + 55 + 45 

86 RKP 4 + 35 +60 + 35 
B7 RTS 6 + 65 + 86 + 47 

P·R ORS·T 

(msec) 
Rate 

grad. 

150 94 130 

130 IO� 115 

185 92 95 

140 120 70 

155 SO 130 

120 103 136 

P·R ORS·T 

(msec) 
Rate 

grad. 

155 82 20 

175 90 20 

160 108 

145 ICO 10 

120 90 10 

145 100 25 
160 100 39 



.-

lIIS BUNDLE ECG IN ASD AND PDA 

The heart rate of the ASD II group 

and the PDA group ranged from 90 to 

120 and from 82 to 108 per minute res

pectively. This was not statistically dif

ferent. The P-R unterval of Ihe ASD'1l 

group and the PDA group ranged from 

120 to 185 and from 120 to 175 milise

conds respectivel1y. This was not statis

tically different either. The P axis of 

the ASD II group ranged from - 30 10 

+60. the QRS axis ranged from + 100 

to + 140. the T axis ranged from -20 

to +30 and Ihe QRS-T .,ois· gradients 

ranged from 70 to 136. All' of the' pa

�ients wilh ASD It showed incomplete 

right bundle branch block (&BBB). The 

P axis o[ the PDA group ranged from 

+25 10 +75. Ihe QRS axis ranged from 

+ 50 to + 86. the T axis ranged from 

+ 35 to + 75 and the QRS-T axis gra

dient ranged from +5 to 39. 

TABLE 3: Mean arid Standard Deviation 0/ P ax.is, QRS axis, T (Ixis and QRS - l' gra
dient 0/ Patients Studied 

ASD \I 
ECG Data (y ± 2,) 

P axis + 48.3 ± 29.4 
QRS axis + 115 ± 26.8 

Taxis + 1.5 ± 39.2 
QRS - T grad. 113.5 ± 52.8 

The heart rale. the P - R interval 

and the P axis between these two groups 

were not statisticall1y different; however 

PDA 
(y ± 2s) Test 

+ 50 ± 36.0 p>O,IO-
+ 67 ± 24.8 p < 0.001 
+ 52 ± 25.4 p < 0.001 

18 ± 23.0 P < 0.001 

the QRS axis. the T axis and QRS-T 

aXiis gradient between these two groups 

were sigrrifiicanrIy different (Table 3). 

TABLE 4: Hemodynamic Data oJ Patients Studied 

Oxygen Saturation Pressure (mmHg) 

VC RA PA LA Ao RAPALA Ao 

Al 83.1 91.1 93.9 105.1 1.5 23 3 100/60(75) 
A2 80.5 89.9 94.3 104.7 2.0 15 2.5 100/75(95) 
A3 74 6 90.8 92.7 102.3 1 0  18 3 100/68(80) 
A4 78.9 96.8 96.3 103.5 0.5 34 1.5 90/75(85) 
A5 78.7 86.1 85.2 1035 0.5 50 1 115/80(95) 
A6 72.2 81 2 85.7 896.8 10 1.5 110/70(84) 

Bl 84.4 88.1 92.6 105.1 4 10 80/50(60) 
B2 83.1 85.5 98.6 105.5 0.5 32 10 125/50(85) 
B3 84 1 79.2 97.7 109.2 30 10 125/75(100) 
B4 88.1 85.8 99.7 110.8 34 11 110/50(80) 
B5 92.7 91.3 100.6 110.0 22 6 120175(85) 
B6 84.3 83 3 96.6 109.9 34 10 100/50(70) 
B7 73.7 76.5 80.2 100.3 11 120/75(100) 

Flow Shunt Press. Resist. 
ratio rat.io ratio ratro 

2.0 50 23.5 11.8 
2 6  61.5 13 4 5 
2.9 65.5 18.7 6.5 
3.4 70.6 38.5 11.3 
1.5 33 52 35 
2.4 58 10 4 

1.7 41.2 17 10 
2.9 65.5 26 
2.2 55 20 
2.5 60 29 11.6 
2.2 54.6 19 8.7 
2 0  50 36 18 
1.2 16.7 10 

D/ 

ASD 11 
ASD 11 
ASDlI 
ASDlI 
ASD II 
ASD II 

PDA 
PDA 
PDA 

PDA 
PDA 

PDA 
PDA 
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The hemodynamic data of the patients 
studied were shown in Table 4. All of 

the ASD II group showed oxygen step up 

at atrial level. five of them with flow 

ratio of more than 2 : I and re.istance 

ratio of less than 12%; while all of the 

PDA group showed oxygen step up at 

pulmonary' artenial levell. five of them 

with flow ratio of more than 2 : 1 wilh 

resistance ratio of less than 20%. 

TABLE 5 Mean and Standard Deviation 01 Flow Ratio, Shunt Ratio. Pressure Ratio 
and Resistance Ratio 0/ Patients Studied. 

ASD 11 PDA 
Pulmonary·Systemic Ratio 

(y ± 2,) (y ± 2,) 
Test 

Flow Rat� 2S ± 1.1 2.1 ± 1.1 p> 0.10 
Shunt Ratio 56.4 ± 26.9 49.0 ± 32 4 p > O.IO 
Pressure Ratio 26.0 ± 32.4 22.4 ± 17.2 P > 0.10 
Resistance Ratio 12.3 ± 23.2 10.6 ± 6.9 p > 0.10 

The flbw ratio, shunt ratio, pressure 

ratio and resistance ratio of these two 

groups were not statistically different 

(Table 5). 

TABLE 6: Mean and Standard Devialion 01 Rig/a Atrial, Pulmonary Arterial, Lelt Atrfal, 
Aortic Pressure and Systemic Pulse Pressure 01 Patients Studied. 

ASD 11 PDA 
Mean Pressure (mmHg) 

(y ± 2,) (y ± 2,) 
Test 

Right Atrium 0.9 ± 2 0  1 8  ± 2.6 p> 0.10 
Pulmonary Artery 25.0 ± 29.6 24.7 ± 21.1 P > 0.10 
LC£t Atrium 2.1 ± 1.1 7.7 ± 6.8 p < 0.01 
Aortic Pressure 84.8 ± 19.0 82.9 ± 29.4 p> 0.10 
Systemic Pulse Pressure 33.7 ± 21.4 50.7 ± 33.7 p < 0.5 

The mean pressure of the right atr;um. 

pulmonary artery and aorta of these 

two groups were not statistically diffe· 

rent. However the mean Jeft atrial pres· 

sure and systemic pulse pressure of the 

ASD II group were less than that of the 

PDA group. These differences were sta· 

tistical:ly significant (Table 6). 
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':'ABLE 7 Dura/iOIl ., P-R, P-A, A-H and H-V Intervals in Milliseconds 0/ tho 
Palienls Studied 

A S  D II C R 0 U P 

Patient Age (yr) %L-R P-R P-A A-H H-Y 

Al IRN 10 50 150 30 50 45 
A2 NRH 6 61.5 130 30 50 40 
A3 SKM 11 65.5 185 45 90 40 
A4 MRN 12 70.6 140 40 50 40 
AS IFS 11 33 ISS 20 85 45 
A6 NRM 11 58 120 25 50 45 

P D A CRO U P 

Patient Age (yr) %L-R P-R P-A A-H H-Y 

01 HLD 10 41.2 ISS 20 85 45 
02 RND 6 65.5 175 40 75 55 
B3 FRD 55 160 52 100 40 
04 SRY 50 145 20 80 40 
05 DNA 54 6 120 20 60 30 
B6 RKP 50 145 20 70 40 
B7 RTS 16.7 160 40 75 40 

The P - R interval, P - A inlerval, the two grours were shown in tables 7 
A - H interval and H - V interval of and 8. 

TABLE 8: Mean and Standard Deviation 0/ P-R, P·A, A-H, and H-V Intervals 0/ 
Patients Studied 

H. B. E. ASD II (y ± 2s) PDA (y ± 2s) Test 

P-R (msec) 146.7 ± 45.4 151.4 ± 34.6 p > 0.10 
P-A (msec) 31.7 ± 7.6 25.0 ± 7.8 p > 0.10 
A-H (msec) 65.8 ± 16 8 77.9 ± 9.4 p > 0.10 

H-V (msccl 42.5 ± 2.2 40 0 ± 3.8 > 0.10 
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Discussion 

Only one patient of the patients stu
died was a male; it means that ASD II 

and PDA were more common in female. 
i1iese'-findings were previously described 
by others (WoOd. 1971; Nadas and Fy
ler. 1973). The average age of the PDA 
group was younger than that of the ASD 
II gr6'up. It was due to the fact that pa
tients" with P DA had their symptoms 
earlier and were detected earl,ier by the 
physician. 

All of the ASD II group showed in
complete right bundle branch block. the
se find'ngs were similar to the eIlectro
ca'idiographic patten'} in-large ASD II re
poried by Martin de Oliveira and Zim
merman (J 958). Only one patient w.ith 
narge ,ASD II had lincreased pulmonary 
arterial pressure and resistance ratio of 
more. than 12%. it means that an un
compl,icated ASD II the fundamental he
modynamic changes are an increase in 

Wood' volume work without significant 
increase in pressure in the right ventri
cular chamber. 

The sum of P-A, A-H and H-V 
interval of the two groups was less than 
the P-R interva� measured from the bo
dy surface in lead II by a few mil'liseeonds 
(Table 7). This could be due to the pro
ximity of the extracel1ular fields produ
ced by ventricular activation to the in
tracardiac leads to record �ead II. so that 
with the onset of ventricular acti·vation 
selective changes rnight occur in speoific 
body areas several milliseconds before 
potentials are perturbed in lead II (An
derson et at. 1973). 

The P- R. P- A. A-H and H
V interval were not influenced by age 
and shunt ratio (Table 7). Roberts and 
Olley (1972b) demonstrated that the 
prolongation in P - R interva� which 
occured with the increase in age occur
ed at the H - V interval. however there 
was no significant difference in the P
A interval. 

There' was no differences in the P - R 
interval and P - A "nterval between 
these two groups (Table 8). 

These findings were similar to those 
reported by Roberts and Olley (I972b) 
in patients with ASD II whose left to 
right shunt was"small and the pu1mona
ry-to-systemic flow ratio was less' than 
2 : L Prolongation of the P - R inter
val and the P - A interval (intraatrial 
conduction) was reported by Anderson 
and associates (1973) with large secun
dum atria� septal defects. They conclu
ded that any large atrial septal defects 
of the secundum type altered a large 
segment of the anatomy of the atrial 
septum and secondarily increased the 
distanCe of the sinus node and 

'
the'A

V node due to atrial enlargement requ
·ired to accomodate the hemodynamic 
overload. H owever. we found that the 
P - R interval and P - A interval were 
not influenced by interatnial septal de
fects. even in patients with large defects 
wath the pulmonary-to-systemic flow ra
tio of more than 2 : I. There were three 
speei£ic atrial pathways (internodal path
ways) connecting the s·inus and A - V 
nodes which conducted faster than the 
surrounding atrial muscle (Meredith and 
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Titus, 1968). It might expl";n the nor

mal P - R interval and normal intra

atnial conduction in our cases in which 

the major of these internoda[ pathways 

were not affected by the atriall septal 

defects. But we suggested that in patients 

with a wellknown prolonged P - R in

terval, the prolongation might also oc

cur in the P - A inlerval due to severe 

enlargement of the right atrium. 

The A-H interval and H-V interval 

between these two groups were not sta

t:.stically different (Table 8). These were 

also reported by others (Roberts and 

Olley, 1972b; Anderson et aI., 1973). 

It means that the A-V nodal conduc

tion and the His-Purkinje system conduc

tion were not influenced by congen·ital 

cardUae abnormalities such as in patients 

w,th atria'l septal defects showing ·in

complete rught bundle branch block and 

volume overload of the right ventridle. 

The incomplete RBBB presented ·here 

did not mean disturbance in conduction 

of the right branch of the bundle of 

His itself, but delay in activatio
'
n of the 

basal portions of the right ventricle and 

of the higher part of the interventrueu

lar septum. The delay in conduction is 

due to hypertrophy and dilatation of the 

region mentioned above. 

Conclusion 

L Intraatrial conduction might not be 

prolonged ,n patients with large se

cundum atrial septal defects showjng 

normal P - R interval. 

2. A-V nodal conduction and His

Purkinje system conduction were not 

innuenced by congenital cardiac de

fects. 
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