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SUMMARY Cardiac angiography was reviewed in 91 patients with post-infarction ventricular
septal rupture. The results were compared with those of 123 stable survivors who had a positive
submaximal exercise test early after infarction. Anterior infarction and occlusion of the infarct
vessel were more common in those with ventricular septal rupture than in the comparison group. In
the group with ventricular septal rupture there was more left ventricular damage, with aneurysm

formation in two thirds, and coronary angiography showed more single than triple vessel disease.
In the comparison group there was more triple vessel disease than single vessel disease.
Angiographically demonstrable collaterals to the infarct territory were not seen or only very faintly
seen in 82% of those with septal rupture. Well developed collaterals were seen in two thirds of the
comparison group.
These patterns of coronary disease suggest that ventricular septal rupture is more likely in

patients with coronary occlusion and little or no collateral support to the infarct territory.

The interventricular septum is believed to rupture in
approximately 10% of survivors of myocardial in-
farction.' Early investigation and operation are the
usual treatment.'2 This study was prompted by the
clinical impression that we were seeing consistent
patterns of coronary collateral circulation and left
ventricular anatomy in patients with post-infarction
septal rupture.

It is difficult to find an appropriate control group
in an observational study. Differences in patient
selection, angiographic assessment, and intervals
from infarction to investigation often make com-
parison with other published trials inappropriate.
We overcame some ofthese problems by using a large
well defined consecutive series of stable survivors of
infarction as a comparison group.5 We selected
patients from the London and Newham hospitals
who had an early post-infarction exercise test. This
was followed by early coronary and left ventricular
angiography. So the comparison group showed the
angiographic features seen by us soon after infarction
and this allowed direct comparison with the features
we found in patients with septal rupture.
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Patients and methods

PATIENTS
Ventricular septal rupture after myocardial infarction
We included all 91 patients seen from 1979 to 1987 at
the London Hospital and London Chest Hospital
with post-infarction septal rupture in whom cardiac
cineangiograms were available.

Comparison group
A consecutive series of stable survivors of infarction
aged < 65 years underwent submaximal exercise
testing at a mean interval of 12 days after infarction.
A positive result was based on ischaemic changes on
the electrocardiogram, angina, an abnormal blood
pressure response, the development of ventricular
arrhythmias, or inability to complete the protocol.
Left ventricular and coronary angiography was per-
formed on all 123 patients in this comparison group.

ANGIOGRAPHIC STUDY
Extent of coronary disease
The severity of coronary disease was assessed in at
least two, and usually six projections by independent
observers. Arterial occlusion or important stenosis
(luminal diameter reduced by 70% or more) was
assessed in the infarct and in the non-infarct related
vessels.
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Table Characteristics ofpatients with acquired ventricular
septal rupture after myocardial infarction and a comparison
group who had a positive submaximal exercise test soon after
infarction

Early positive
Ventricular septal exercise test after
rupture after myocardial
myocardial infarction infarction
(n = 91) (n = 123)

Mean age (yr) (SD) 63 (7-7) 54 (7-1)
Male:female ratio 2:1 5:1
Anterior infarct (%) 70 40
Infarct vessel occluded
(0) 92 79

Median time (days) from
infarct to catheter
(range) 12 (1-470) 21 (7-40)

Aneurysm present (0) 66 24
Regional wall motion

score 28 22

Collateral circulation
Cross filling collateral circulation to the infarct
related artery was assessed by a simple scoring
system indicating flow from other vessels, whether
dominant or non-dominant: 0, no collateral circula-
tion; 1, faint filling ofbranch vessels; 2, faint filling of
epicardial vessel; 3, good filling of epicardial vessel.

Left ventricularfunction
We used the system adopted by the Coronary Artery
Surgery Study investigators to score regional wall
motion and so estimate left ventricular function.6
The left ventricular angiograms in both right and left
anterior oblique projections were divided into five
segments and each was scored as follows: 1, normal
contraction; 2, mild hypokinesia; 3, severe hypo-
kinesia, 4, akinesia; 5, dyskinesia; 6, aneurysm
formation.
The sum of all the segments' scores gives a total left

ventricular score. A normal result is 10 and higher
scores indicate greater degrees of left ventricular
dysfunction. In addition to this numerical scoring
system we examined each left ventricular angiogram
for an aneurysm, defined as discrete regional systolic
expansion.
We used x' analysis to compare the angiographic

variables of the two study groups.

Results

CHARACTERISTICS OF GROUPS (TABLE)
The table shows the differences between the patients
with septal rupture and the comparison post-infarc-
tion group. Patients with septal rupture were older
(63 yr v 54 yr), had a more even ratio of men to
women (2:1), and a greater preponderance ofanterior
infarctions (70% v 40%). The two groups overall had
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Fig 1 Infarct vessel at angiography in patients with septal
rupture and in the comparison group with a positive
submaximal exercise test after infarction. LAD, left anterior
descending coronary artery; RCA, right coronary artery;
Cx, circumflex.

a similar interval from infarction to angiography, but
some patients with septal rupture presented a con-
siderable time after infarction. The longest interval
was more than a year. Most patients with septal
rupture were investigated within two weeks of infarc-
tion and within a few days of the diagnosis of septal
rupture (median interval 12 days (range 1-470). The
median delay in the comparison group was 21 days
(range 7-40) from infarct to angiography.

CORONARY ANGIOGRAPHY (TABLE, FIGS 1
AND 2)
Anterior infarction was more common in patients
with septal rupture and this accorded with the higher
rate ofocclusion ofthe left anterior descending artery
(70%). Total occlusion of the infarct vessel was more
common in those with septal rupture than in the
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Fig 2 Extent of coronary disease at angiography in patients
with septal rupture after myocardial infarction and in a
comparison group with a positive submaximal exercise test
after myocardial infarction.
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Fig 3 Extent of collateral circulation to the infarct related
artery in patients with septal rupture after infarction and in
a comparison group with a positive submaximal exercise test
after infarction.

Fig 5 Coronary angiography in a stable patient soon after
inferior infarction. The right coronary angiogram (a) is
occluded. The left coronary angiogram (b) shows good distal
filling of the right coronary artery via collaterals.

,@.~~~~~~~~~~~~~~~. !:.o
Fig 4 Coronary angiography in a patient after anterior
infarction complicated by septal rupture. The left coronary
angiogram (a) shows occlusion of the anterior descending
branch which has no collateralfilling of the distal vesselfrom
the right coronary artery (b).

comparison group (92% v 79%, pC 0-01). There
was more single vessel disease than triple vessel
disease in those with septal rupture (43% v 24%).
The reverse was true in the comparison group (p <
0i01) (25% single vessel disease and45% triple vessel
disease).

COLLATERAL CIRCULATION TO INFARCT
RELATED ARTERY (FIGS 3, 4, AND 5)
We found a striking and highly significant difference
(p < 0-001) in the pattern of collateral circulation to
the infarct territory in the two study groups. Over
half (56%) of the patients with septal rupture had no
angiographically demonstrable collaterals and a fur-
ther 26% had only faint (grade 1) branch vessel
filling. Just one of the 91 patients had a grade 3
collateral supply to the epicardial portion of the
infarct related artery. In the comparison group,
however, over half had well developed collateral
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circulation with grade 3 (45%) or 2 (20%) scores.
Ranking the patients (either group) according to the
interval since infarction, age, or site of infarction or
degree of left ventricular impairment made no dif-
ference to the results of collateral scoring.

LEFT VENTRICULAR ANGIOGRAPHY (TABLE)
Another clear and statistically significant difference
between the study groups was the frequency of
aneurysm formation. There was a left ventricular
aneurysm in 66% of the septal rupture group and
only 24% of the comparison group (p < 0-0001) and
patients with septal rupture showed a greater degree
of left ventricular damage as judged by the regional
wall motion score. They had a higher mean score
than the comparison group (28 v 22 p < 0-01).

Discussion

This series of 91 patients with post-infarction ven-
tricular septal defect from two referral centres gives a
broad clinical experience of this condition. In the
past clinical attitudes favoured delayed transfer to
referral centres such as our hospitals, and this
probably would have led to many of these high risk
patients dying before investigation and operation.2

In patients with septal rupture there were fewer
collaterals to the infarct territory. Our comparison
group, chosen because of the short interval from
infarction to angiography, had more three vessel
disease than those with septal rupture. An earlier
report on early angiography in a large unselected
consecutive group ofsurvivors ofinfarction showed a
similar pattern of coronary disease to that seen in our
patients with ventricular septal defects.7 But 61%
had collaterals-a similar proportion to that found in
our comparison group. This emphasises the lack of
collateral circulation associated with ventricular sep-
tal rupture.
Human collateral circulation varies8 and its pattern

of development is unclear. Coronary collateral ves-
sels are thought to enlarge in the presence ofobstruc-
tive coronary disease creating a pressure gradient and
encouraging flow between the epicardial coronary
arteries.9 In acute coronary occlusion, collateral
circulation may be seen immediately but its func-
tional importance and time course of development
are not known in humans. Reports from a series of
patients studied after infarction, who had occlusion
of the infarct vessel, give some insight to the rate of
progression of collaterals.'0 Just 16% had collaterals
visible on angiography within six hours but after the
first day the rate rose to 62% (grade II-III collateral
score) with only small increases in the ;ollowing
weeks. This suggests that the small differences in the
intervals from infarction to angiography in our two

groups are unlikely to have influenced the results
significantly. Sporadic case reports have indicated
that a collateral circulation may be well developed in
the absence of chronic obstructive disease and
protect the heart after ligation of the left anterior
descending artery'' or traumatic right coronary
arteriocameral fistula." Large retrospective studies
of patients with coronary disease have given an
indication of the functional importance of collaterals
seen on coronary angiography. Evidence from
studies ofregional wall motion supports the view that
collaterals protect the heart when coronary occlusion
occurs.'3"' This effect was of more benefit after
occlusion of the left anterior descending artery than
after occlusion of the right coronary artery.'5
Our findings indicate that septal rupture after

infarction is most likely to be associated with total
occlusion of a coronary artery (usually the left
anterior descending artery) with little or no collateral
flow to the infarct territory. The absence of collateral
flow probably increases regional necrosis leading to
an increased risk of left ventricular aneurysmal
dilatation and septal rupture. Alternatively, the
absence of collateral circulation could simply reflect
the extensive myocardial damage. This is unlikely in
view of the equal distribution of collaterals in our
comparison group irrespective of the extent of left
ventricular damage. If our original hypothesis were
correct then the pattern of coronary artery disease in
patients with rupture of the left ventricular free wall
should be similar-data from necropsy studies sup-
port this view.'6 In 20 cases postmortem angiography
showed a recent occlusion in a coronary artery with
no collateral circulation to the infarct territory.
Doppler echocardiography is a reliable method for

the diagnosis of ventricular septal rupture after
myocardial infarction and it has been suggested that
invasive investigation before operation might be
unnecessary.'7"8 Our results show that single vessel
disease was more common in patients with septal
rupture than in the comparison group. But halfofthe
septal rupture group did have disease in the non-
infarct related vessels (30% two vessel disease, 210%
three vessel disease) of sufficient severity to be
considered for aortocoronary bypass grafting.
Establishing the diagnosis of septal rupture should
not now require cardiac catheterisation, but coronary
angiography remains a useful preoperative investiga-
tion.
This review of patients with septal rupture confir-

med our initial clinical impression that most cases
occurred in elderly patients with single vessel dis-
ease, total occlusion of the infarct vessel, and no
collateral support to a large area of infarction. The
angiographic appearance was different from that seen
in a stable group of patients who were also assessed
soon after infarction.
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