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OSTIUM PRIMUM DEFECT: FACTORS CAUSING DETERIORATION
IN THE NATURAL HISTORY
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The anatomy of the ostium primum atrial septal defect has been known since Rokitansky's
description in 1875. However, until the introduction of cardiac catheterization and open heart
surgery, information about the physiology and clinical features of this condition lagged behind
knowledge of the morbid anatomy. Attempts at surgical correction have influenced the natural
history, and information about the prognosis of the untreated ostium primum atrial septal defect,
at present scanty, is unlikely to increase as the scope of cardiac surgery widens. The factors present
in severely disabled patients with an ostium primum defect and those who died without surgery have
been studied in order to discover causes of spontaneous deterioration.

METHOD AND TERMINOLOGY
During a 6-year period from 1958-1964, 122 patients with ostium primum defect have been seen while

the author was holding posts at Guy's Hospital, the Institute of Cardiology, the National Heart Hospital,
and the Hospital for Sick Children, Great Ormond Street. The entire series was made up of patients with
ostium primum defect drawn from a wide age range (Fig. 1). Of these patients, 27, who were severely
disabled or died during the period of observation, were the subjects of the present detailed study. The
diagnosis was confirmed in 24 of them by inspection of the atrial septum during open heart surgery or
necropsy. Palpation of the atrial septum alone during thoracotomy was not considered to provide adequate
information; it is possible that in other series where
this method of diagnosis has been accepted (Milnor so0
and Bertrand, 1957), some cases of secundum atrial NATURAL DEATH
septal defect with atrial fibrillation and secondary
tricuspid regurgitation have been classified erron- 40-
eously as primum defects.

The anterior cusp of the mitral valve was partially w
or completely cleft in 24 patients where the diagnosis 0 30- RANGE II DAYS-69 YEARS
was confirmed and there was clinical and/or radio- O -

logical evidence of mitral valve abnormality in the a 20
other 3 patients. In 8 patients the septal cusp of the e
tricuspid valve was also cleft and associated with
concavity of the upper border of the ventricular Z om /
septum which was depressed and slightly deficient.
Other authors have referred to this lesion as a tran-
sitional form of atrio-ventricular canal (Wakai and
Edwards, 1956) or intermediate atrio-ventricular 0 20 30 40 50 60 70
canal (Bedford, 1960). Patients with this form of AGE OF PATIENTS CYEARS)
atrio-ventricular defect have been included in the FIG. 1.-Age of 122 patients with ostium primum defect
group of ostium primum defects, as functionally they and age at death of those who died naturally.
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414 JANE SOMERVILLE

resemble them more closely than the group with complete common atrio-ventricular canal. Patients with
true complete common atrio-ventricular canal with functioning ventricular septal defect have been deliber-
ately excluded from this analysis.

The clinical history and physical examination were recorded in each patient. Attacks of bacterial endo-
carditis were specifically noted. The degree of dyspnoea was graded 1-4. Congestive failure was diagnosed
when the jugular venous pressure was persistently raised in the presence of hepatomegaly with or without
ascites and cedema. Paroxysmal or established arrhythmias were documented on the electrocardiogram.
Routine 12-lead electrocardiograms were taken in all except one patient.

Cardiac catheterization was performed in all but 6 patients. Zero point was taken at the sternal angle
unless mentioned otherwise. Pressures were recorded by the Sanbom electromanometer. Oxygen satura-
tions were measured by Haldane method of analysis or by the Kipp hemoreflector checked by an occasional
Van Slyke estimation. Systemic and pulmonary blood flows were calculated by the Fick principle; oxygen

consumption was measured from a five-minute collection of expired air into a Douglas bag. Pulmonary
vascular resistance was calculated (Wood, 1956).

The anatomy was studied at open heart surgery or necropsy. The site and dimensions of the ostium
primum defect were recorded. The cleft in the anterior cusp of the mitral valve was described as complete
when it involved the entire width of the cusp; lesser involvement was regarded as a partial cleft. The anatomy
of the septal cusp of the tricuspid valve was described. Additional congenital anomalies in the cardiovas-
cular system were noted.

The degree of mitral regurgitation was assessed as mild, moderate, or severe by clinical and radiological

TABLE I
CLINICAL DATA AND ANATOMICAL FINDINGS IN 27 PATIENTS WITH OSTIUM PRiMUM DEFECT WHO WERE SEVERELY

DISABLED OR DIED

Case No., sex, Dyspnaea Respir. C.C.F. Severity Arrhythmia Operation Necropsy Size of Cleft valve Additional
and age (yr.) grade infec- of defect (cm.) lesion

0-4 tions mitral Tricuspid Mitral
regurg.

3M 11 3 ++ - S - + + 4x3 + C _
25 F 37 4 + + ? P.T. - + 5 x 3 + C _
31 M 48 4 - + -S + + 45x3 - P P.V.S.
35 M3 2 ++ - S - + + 3mm. - P -
45 F 8 3 + + +Resp. S - + - 4x2 + C -

inf.
46 F 34 1-4 - + s {PN.T. - + 5x4 - C -

54 M 26 1--.3 - + S A.F. + + 5x4 + C -

60 F 29 1-÷4 - + Mo -CH.B. + + 3x2 _ C -

C.H.B.
65 M 10 3 - _ _ + + l5xl + C P.V.S.
67 F 56 1 - _ - C.H.B. _ + 3x2 - P -
69 M 3/52 4 - + S _ - + 1 x P Coarct.

+duct
71 M 6 3 ++ +Resp. C _ + + 2 5x2 + C

inf.
74 M 37 3 _ + ML. {P.T. + - 6x4 - C_

85 M 3 3 ++ +Resp. S _ - + 25x2 Fen. C
inf.

86 M 2/52 4 + + S + 15 C Coarct.
1.5} +duct,

88 M 47 3 - + - A.F. + - 4x3 _ P -

96 F 22 4 _ + S N.B. + + 7x4 - C -
97 M 42 4 _ + ?- A.F. + + 5 x 3 Fus. C -

99 M 38 4 + + ? + 6x4 + C -

102 F 52 3 ++ +Tr S {P.A.F. - _ No proof _

103 F 69 4 - + _ A.F. - - No proof _
108 M 35 3 - - Mo. C.H.B. + - No proof C
112 F 32 0 _ - ML. Asystole - - No necropsy
113 F 54 1--3 - +Tr - P.V.T. + - 4 5x4 + C
120 F 20 2 - - S C.H.B. + - - + C -
121 F 1+ 0-3 + +Tr S - - + 2x1-5 - C
122 F 56 4 + + ML 2:1 HB - + 4x3 - P _

Asystole

C.C.F.=Congestive cardiac failure (defined in text). Tricuspid=Septal cusp of tricuspid valve. Mitral=Anterior
cusp of mitral valve. P.T. =Paroxysmal tachycardia. P.N.T. =Paroxysmal nodal tachycardia. P.V.T. =Paroxysmal
ventricular tachycardia. P.A.F.=Paroxysmal atrial fibrillation. N.B.=Nodal bradycardia. C.H.B.=Complete
heart block. H.B.=Heart block. P.V.S.=Pulmonary valve stenosis. ML.=Mild. Mo.=Moderate. S=Severe.
C=Complete cleft. P=Partial cleft.
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OSTIUM PRIMUM DEFECT 415

TABLE II
CARDIAC CATHETERIZATION iN 21 PATENTS wrrH OSTIUM PRIMTJM WHO WERE SEVERELY DISABLED OR DIED

Case Rhythm P.A.P. R.V.P. P/S P.V.R. Oxygen sat. (%4)
No. (mm. Hg) (mm. Hg) flow ratio units

P.A. S.V.C. System.
art.

3 S.R. 50/20 50/0 3-5 3 83 48 94
25 S.R. 130/60 130/10 Rev. 20 42 40 76
31 S.R. 14/2 135/6 Rev. 1 50 51 80
35 S.R. 47/25 64/0 2 2 5 85 70 96
45 S.R. 36/15 Nodal tachycardia 83 61 96
46 S.R. Not done (pregnant)
54 A.F. 28/5 40/0 3 1 78 47 86
60 S.R. 27/10 40/0 2 <1 85 64
65 S.R. 85/5 Rev. ? 50 84
67 Not done
69 Not done
71 S.R. 35/6 41/0 5 <1 91 55 94
74 A.F. 35/10 35/0 4 <1 88 54 96
85 S.R. T 38/10 65/0 3 <1 85 52 81
86 Not done, too ill
88 A.F. 24/8 27/0 3-5 <1 89 75 98
96 Not done, too ill
97 A.F. 30/5 35/0 ?2-5 1 87 76 93
99 S.R. 80/42 80/0 Rev. 10 73 55 75
102 N.B. 50/10 50/0 5*5 1 84 54 90
103 A.F. 32/6 32/0
108 C.H.B. 58/10 60/5 2-5 2 82 60 90

47
112 S.R. 15/5 22/0 2 <1 79 61 95
113 S.R. 35/6 35/0 3-5 <1 84 68 91
120 C.H.B. 30/3 36/0 4 1 5 85 56 90
121 Not done
122 S.R. 48/6 50/0 3 <1 88 60 96

P.A.P. =Pulmonary artery pressure; R.V.P. =Right ventricular pressure; P/S flow ratio =Pulmonary/systemic flow
ratio; P.V.R.=Pulmonary vascular resistance; T=0 at mid thorax. S.R.=Sinus rhythm; A.F.=Atrial fibrillation;
N.B. =Nodal bradycardia; C.H.B. =Complete heart block.

findings correlated with findings at operation. Necropsy evidence alone could be misleading in that a
grossly abnormal mitral valve could be competent in life.

RESULTS
The clinical and anatomical data on 27 patients who were disabled or died are summarized in

Table I. Table II shows details of haemodynamic investigations. Death occurred at all ages with
ostium primum defect (Fig. 1); the youngest was 2 weeks old and the eldest 56 years. Eight of the
severely disabled and 5 of the fatalities were under 30 years, representing 8 per cent and 5 per cent,
respectively, of the 96 patients under 30 years in the entire series. The corresponding figures for
those over 30 years were 7 (27%) disabled and 7 (27%) dead. The adverse factors that contributed
to death and disability in these patients have been indicated (Table III).

In 15 of the 27 patients, development of an arrhythmia caused deterioration; this occurred in 4
patients under 30 and in 11 over 30. Established arrhythmias which precipitated heart failure or
death are listed in Table IV. Two patients are included who died suddenly. They were assumed to
have circulatory arrest from either a lethal arrhythmia or asystole. One of these two patients had
proven episodes of 2:1 block and the other was known to have a P-R interval of 0-32 sec. three
months before death.

None of the patients whose deterioration was due to an arrhythmia had evidence of pulmonary
vascular disease (Table II). In 3 patients who developed atrial fibrillation (No. 46, 54, and 102)
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4JANE SOMERVILLE

TABLE III
FACTORS ASSOCIATED WITH DEATH AND SEVERE DISABILITY IN 27 PATIENTS WITH OSTIUM PRIMUM DEFECT

Adverse factors No. of patients disabled or dead

Under 30 years 30 years and over

Arrhythmia .. .. .. .. .. 4 11
Sinus rhythm

Severe mitral regurgitation .. .. 6 0
Pulmonary hypertension (P.V.R. 3 units) .. 0 2
Associated defects (P.V.S. coarctation) .. 3 1

Total .... .. . .. . ..13 14

TABLE IV
ESTABLISHED ARRHYTHMIAS CAUSING SEVERE DISABILITY AND/OR DEATH IN 15 PATIENTS WITH OSTrM PRIMUM DEFECT

Arrhythmia No. of patients Age range of patients (yr.)

Atrial fibrillation .. .. .. .. .. 6 24-64
Nodal bradycardia .. .. .. 2 23-54
Paroxysmal ventricular tachycardia . . 1 54
Complete heart block (and sudden death) .. 6 18-52

severe mitral regurgitation was known to be present when they were in sinus rhythm. The ap-
pearance of complete heart block in 6 patients did not seem to be related to the age of the patient,
to the size of the defect, or to the degree of mitral regurgitation. Established nodal bradycardia
precipitated heart failure in two patients (No. 96 and 102), aged 23 years and 54 years, respectively;
the heart rate varied between 42 and 48 a minute.

The other 12 patients had severe disability while in sinus rhythm. Mitral regurgitation was
severe in 6 of them, all in the first decade (No. 3, 35, 45, 71, 85, and 121); the septal defect was
large in 5 and small in the one (No. 35), and disability was mainly from recurrent chest infections.
Sudden death occurred in 2 patients (No. 85 and 121) and transitory congestive heart failure in 2
(No. 45 and 71) during lung infections. Only 1 (No. 3) in this group has some increase in the
pulmonary vascular resistance.

Considerable increase of the pulmonary vascular resistance was confirmed in 2 patients (No.
25 and 99): both died in right heart failure with pulmonary artery thrombosis. Mitral regurgitation
was present in both but its severity was difficult to estimate in the presence of severe tricuspid
incompetence.

Additional cardiovascular lesions caused deterioration in the remaining 4 patients. Two infants
(No. 69 and 86) who presented with severe feeding difficulties and heart failure in the first month of
life, had pre-ductal coarctation and persistent ductus; severe pulmonary valve stenosis with deep
cyanosis occurred in two other patients who were very disabled though one survived to 48 years.

Bacterial endocarditis, though it had occurred in 3 of the 122 patients, did not directly cause
disability or death. However, in 1 patient (No. 54) who developed atrial fibrillation at the age of 26,
bacterial endocarditis had occurred one year earlier. It is possible that this had increased atrio-
ventricular valve regurgitation and induced premature atrial fibrillation.

DISCUSSION
The natural history of patients with atrial septal defect has been studied by Wood (1962) but no

particular attention has been given to ostium primum defects. Bedford, Papp, and Parkinson (1941)
in their classic paper on atrial septal defect, which included one proven case of ostium primum
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OSTIUM PRIMUM DEFECT

defect, stated that the onset of heart failure rarely occurred before 30 and could appear as late as the
fifth decade. Wood agreed with this and pointed out that in secundum defects the onset of atrial
fibrillation was the main cause of effort intolerance irrespective of the age of the patient. He
emphasized that this occurred frequently after 40 years of age and that 50 per cent of patients with
atrial septal defect developed atrial fibrillation by 50. Atrial septal defect is the commonest form
of congenital heart disease in elderly patients (Kelly and Lyons, 1958). Several instances of ostium
secundum defects have been reported in the sixth and seventh decades (Coulshed and Littler, 1957)
and of ostium primum defects in the eighth decade (Sebek and Prochazka, 1959; R. M. Marquis,
1964, personal communication).

In this series the development of an established arrhythmia was the commonest cause of deterio-
ration. Paroxysmal and/or established arrhythmias occurred in 20 per cent (24 patients) of the
entire series (122 patients) and the incidence of arrhythmias is clearly related to the age of the patient
(Fig. 2). Before the age of 30, rhythm changes
were uncommon but after 30 there was a distinct '00
increase and it was unusual for these patients to 0 - ,PTIENT
reach the sixth and seventh decades without de- 2 80
veloping an arrhythmia. Atrial fibrillation was /
one of the commonest established arrhythmias a
and though it developed earlier than with 60

U.
secundum defects it was found less frequently. 0 -

The presence of mitral regurgitation may be u 40_
responsible for the premature appearance of z
fibrillation with this form of atrial septal defect z 2
since it increases the left-to-right shunt through e 20-
the defect (J. Somerville, 1964, unpublished -

observations), and thereby the volume load on
the atria. Established atrial fibrillation coin- 10 20 30 40 50 60 70
cides with the development of severe dyspncea, AGE OF PATIENTS (YEARS)
raised jugular venous pressure, hepatomegaly, FIG. 2.-Incidence of arrhythmias in patients with
and increasing heart size (Fig. 3). Right ventri- ostium primum defect related to age of the patients.
cular failure was excluded by cardiac catheteriza-
tion which in 4 patients revealed a normal end-diastolic pressure in the right ventricle. However, as
well as some mitral incompetence, gross tricuspid regurgitation was found in the 3 patients with
atrial fibrillation who had surgical treatment, and it appears that it is the production of this valve
incompetence, as a result of stretching of the valve ring, which caused the " congestive heart failure "
following development of atrial fibrillation; this has been shown to occur with secundum defects
also (Wood, 1958). The clinical deterioration produced by nodal bradycardia may be brought
about in the same way.
Complete heart block, which occurred in 6 of the 27 patients, was the most sinister development.

Its appearance in 3 patients was marked by increase in breathlessness, an increase ofjugular venous
pressure and increased heart size. The poor tolerance to a slow heart rate (whether it be due to
complete block or nodal bradycardia) is probably the result of augmentation of the left-to-right
shunt following the prolonged diastole which in turn causes further stretching of the right ventricle
and tricuspid valve ring, in conjunction with reduction in systemic flow. One other patient (No. 67)
had frequent Stokes-Adams attacks for 12 hours before death. Before this she was known to have
been in sinus rhythm. The development of heart block is probably brought about by interruption
of the- bundle by fibrous tissue which has been found in association with ostium primum defect
(Morison, 1913; Yater, Barrier, and McNabb, 1934; Wallgren and Winblad, 1937). It is probable
that turbulence and trauma at the site of the atrial septal defect leads to a fibrous tissue reaction
around the defect, and this may invade the bundle which lies very close to the posterior edge.
Although complete block may arise in this way, digitalis has been found to lengthen an already
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C

FIG. 3.-Chest radiographs illustrating the increasing heart size with the onset of atrial fibrillation
(Case 103). (A) In 1951 at the age of 56 years in sinus rhythm, cardiothoracic ratio (C.T.R.)
55 per cent. (B) In 1957 at the age of 62 in sinus rhythm, C.T.R. 56 per cent. (C) In 1957
2 weeks after onset of atrial fibrillation. The heart has increased in size, C.T.R. 64 per cent, and
lines of pulmonary venous congestion are present. These may appear during any uncontrolled
arrhythmia in patients with atrial septal defect.

prolonged P-R interval and this may lead to complete block. In these patients in sinus rhythm,
digitalis should, therefore, be given with caution and may be contraindicated when the P-R interval
is very prolonged. The only patient with angina due to short runs of ventricular tachycardia which
occurred on effort and precipitated heart failure had no evidence of coronary arterial disease at the
-time of closure of the defect which cured the symptom.

The commonest associated factor in patients who died in sinus rhythm was severe mitral regur-
gitation. These patients were prone to respiratory infections, particularly in the first five years of
life. Since this may cause heart failure or death, young patients with large shunts associated with an
ostium primum defect should be protected against chest infections if they show this tendency.

Although pulmonary hypertension with increase of the vascular resistance (over 3 units) has been
considered to occur commonly with ostium primum defects (Blount, Balchum, and Gensini, 1956;
Keith, Rowe, and Vlad, 1958), it was only present in 5 of the 122 patients (40 .) and caused death in 2
of the 27 patients. Death with right heart failure from pulmonary artery thrombosis secondary
to raised pulmonary vascular resistance has been reported by others (Bedford et al., 1941; Campbell
and Missen, 1957) but should now be regarded as an uncommon terminal complication. The find-
ing of pulmonary hypertension with the other features of a straightforward ostium primum defect
should suggest that the lesion is more extensive and involves the tricuspid valve and upper border of
the ventricular septum. Occasionally, as in one patient who was not disabled at the time of opera-
tion and is therefore not included here, pulmonary hypertension complicates a simple moderate-
sized ostium primum defect with cleft mitral valve, but this should be regarded as unusual.

The adverse effect of an associated coarctation which occurs in 3 per cent of patients with an
ostium primum defect (J. Somerville, 1964, unpublished observations) mainly results from the sys-
temic hypertension which increases mitral regurgitation and leads to increase of the left-to-right
shunt and pulmonary hypertension. Resection of the coarctation should be carried out when this
combination of lesions is present and this may lead to diminution of the pulmonary blood flow and
pulmonary artery pressure.

The hazard of bacterial endocarditis, which tends to occur on the atrio-ventricular valves in
patients with this form of congenital heart disease, is known (Tinney and Barnes, 1942; Cahen et al.,
1952). Though it is uncommon, patients should be protected from possible infection since further
disturbance in valve function may occur and arrhythmias may be induced prematurely.

J:
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SUMMARY
Review of a series of 122 patients with ostium primum defect revealed 27 who had reached the

end of their natural history. The factors that caused their disability and death have been studied.
The development of established arrhythmias is the commonest cause of deterioration and the

importance of acquired complete heart block is stressed.
Pulmonary hypertension uncommonly complicates an ostium primum defect but occasionally

causes death with pulmonary artery thrombosis and right heart failure.
Young children with severe mitral regurgitation and usually with large left-to-right shunts are

liable to respiratory infection that may precipitate heart failure and death.
Associated coarctation of the aorta may lead to heart failure in infancy.

I am grateful to the physicians of the National Heart Hospital, the late Dr. Paul Wood, Dr. Walter Somerville,
Dr. Charles Baker, Dr. Leslie Davies, Dr. Dennis Deuchar, and Dr. R. Marquis who have allowed me to study their
patients. I am particularly indebted to Dr. Evan Bedford who has encouraged this work, and to Dr. Reginald
Hudson who spent much time in discussing the anatomy of these defects.
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