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Role of transient ischaemia and perioperative
myocardial infarction in the genesis of new septal wall
motion abnormalities after coronary bypass surgery
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SUMMARY To evaluate the role of ischaemia in the genesis of new septal wall motion abnormalities
after-coronary artery bypass surgery 45 patients were studied by cross sectional echocardiography
before and 8-10 days after operation. Regional left ventricular wall motion was classified as normal,
hypokinetic, akinetic, or dyskinetic. Septal wall motion abnormalities were correlated with elec-
trocardiographic Q wave changes and serial serum MB creatine kinase measured before and 4, 7, 21,
48, and 72 hours after operation. Of the 14 patients who developed new septal wall motion abnor-
malities after operation two developed septal akinesis (both had perioperative infarction) and one

new dyskinesis in the previously akinetic septal segment. Of the 11 patients with new septal
hypokinesis, eight had normal serial creatine kinase MB values, two had raised values peaking four
and seven hours after operation, with a return to normal values at 21 hours indicating transient
ischaemia, and one had enzymatic criteria for perioperative infarction.
Most new echocardiographic septal wall motioD abnormalities after coronary artery bypass graft-

ing are not caused by transient ischaemia, perioperative infarction, or generalised cell necrosis.

A high incidence ofnew echocardiographic septal wall
motion abnormalities has been detected after valvar
heart surgery and coronary bypass surgery.1-' The
mechanisms underlying such new septal wall motion
abnormalities are, however, controversial.4 Some
workers stress the role of pericardiotomy with secon-
dary loss of pericardial restraint in the origin of these
abnormalities,4 while others favour perioperative
iscnaemnia.2
The purpose of this study was to define the impor-

tance of transient myocardial ischaemia and
perioperative myocardial infarction in the causation of
new echocardiographic septal abnormalities after
coronary artery bypass surgery.

Patients and methods

Sixty three consecutive patients admitted for coronary
artery bypass graft surgery were studied with cross
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sectional echocardiography. Patients with unstable
angina, left ventricular aneurysm, and additional
non-coronary heart disease were excluded. Forty five
(71%) patients (42 men, three women; age range
38-65 (mean (SD) 51 (7) years) had technically satis-
factory cross sectional echocardiograms, defined by
the visualisation of septal left ventricular wall seg-
ments in at least three left ventricular short axis and
one apical two chamber views. Thus 18 patients were
excluded because of technically inadequate preopera-
tive echocardiographic studies.

Patients in the study group had exertional angina
and severe two and three vessel coronary disease. Of
these, 24 had a previous history compatible with
myocardial infarction, and 27 had regional wall
abnormalities on left ventricular angiography (right
anterior oblique single plane). None had symptoms or
physical signs of right or left heart failure.

Each patient admitted to the study underwent (a)
routine 12 lead electrocardiography 24 hours before
cardiac surgery and 8-10 days postoperatively, (b)
cross sectional echocardiography 24 hours before and
8-10 days postoperatively, and (c) cardiac enzyme
estimation, specifically of creatine kinase MB, before
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operation (within 12 hours) and 4, 7, 48, and 72 hours
after the end of cardiopulmonary bypass.

CARDIAC SURGERY
The surgical technique consisted of a median ster-
notomy and institution of cardiopulmonary bypass
with bubble oxygenator, hypothermia (27-30°), and
haemodilution (packed cell volume 20-25%). Pump
flow was maintained at 2-0 /iM2. Cold potassium car-

dioplegia was used for myocardial preservation.
Reversed segments of saphenous veins were anastom-
osed to coronary arteries as appropriate. Proximal
anastomoses were placed on the aortic wall under par-

tial aortic clamping and during rewarming of the
patient. Each patient received between two and six
grafts (mean 3.4) and 13 patients underwent grafting
and endarterectomy. Mean aortic cross clamping time
ranged from 25 to 85 (mean 46) minutes and bypass
time ranged from 59 to 125 (mean 84) minutes.

CROSS SECTIONAL ECHOCARDIOGRAPHY
All studies were performed using a mechanical sector

scanner (ATL Mark 1, Squibb Medical Systems) with
a 2*25 MHz transducer. Each study was performed
from standard parasternal, apical, and subcostal views
and the patient was positioned to obtain the optimum
images from each window. Images were recorded on a

videotape for subsequent review and analysis. Each
study was analysed by two independent observers.
Where disagreement occurred a consensus was

reached. Each study included at least three adequate
short axis views in which more than 75% of the entire
endocardial and epicardial outline but including the
septum was visible throughout systole and diastole.

Segmental wall motion analysis was performed by
dividing the left ventricle into five segment according
to the classification of Kisslo et al.5 In this analysis,

anterolateral, posterior, inferior, apical, and septal
segments are identified from the three different trans-
ducer positions used. Anterolateral, posterior
inferior, and septal segments are analysed from the
3-5 short axis views of the left ventricle recorded at
the level of at least three of the following: (a) mitral
valve leaflet; (b) papillary muscle tip; (c) papillary
muscle body; (d) papillary muscle base; and (e) left
ventricular apex. The apical segment is also assessed
from the apical two chamber view. Regional left ven-
tricular wall motion was graded for the septum by a

modification of the terminology of Herman and Gor-
lin: 3, normal; 2, hypokinetic; 1, akinetic; and 0, dys-
kinetic.6 As with qualitative angiographic analysis,
wall motion in the septal segment was judged relative
to the motion of other segments.

CARDIAC ENZYME ESTIMATION
Total creatine kinase activity was measured at 37°C by
the Scandinavian recommended method with
N-acetyl cysteine activation.7 All the results of
creatine kinase and creatine kinase MB assays were
tabulated according to the time of collection and the
mean and standard deviations were calculated.

DEFINITIONS
ECG evidence of mocardial mfarction-Q waves

broader than 0*04 s in precordial or inferior leads
were considered to be abnormal.8
Abrmoal enmyne release-Creatine kinase MB

release, indicating perioperative myocardial infarc-
tion, was defined as a peak activity in the serum of
>50 IU/l within 21 hours of operation.9 The time of
maximal creatine kinase MB activity was expressed in
hours after the end Qf cardiopulmonary bypass.
Transient reversible myocardial ischaemia was

defined as a serum peak ¢40 IU/l 4-7 hours after

Table Results in 14 patents with new septl wall motion abnnlities after coronr artry bypass surgery (CABG)

Echocwdiography ECG Creatine kinase MB actvty (IUII)
Case Sepul wal motion Pencrdial chd ges Before After (hou*) Findgs after
No effusion after CABG

Before After CABG 4 7 21

1 Normal Hypokinetic - 6 22 5 6 Normal wall motion
2 Normal Hypokinetic + ST-T 2 0 13 4 Normal wall motion
3 Normal Hypokinetic + 6 48 30 20 Transient ischaemia
4 Normal Hypokinetic + ST-T 8 14 8 2 Normal wall motion
5 Normal Hypokinetic + 10 10 2 4 Normal wall motion
6 Normal Hypokinetic + 2 6 2 6 Normal wall motion
7 Normal Hypokinetic + ST-T 4 8 26 76 Myocardial infarction
8 Normal Hypokinetic + 12 86 86 32 Transient ischaemia
9 Normal Hypokinetic - ST-T 4 32 30 24 Normal wall motion
10 Normal Akinetic - ST-T 4 14 26 66 Myocardial infarction
11 Normal Hypokinetic + ST-T 8 10 2 4 Normal wall motion
12 Normal Hypokinetic + ST-T 4 20 28 4 NornWl wall motion
13 Akinetic Dyskinetic + 4 28 16 20 Normal wall motion
14 Normal Akinetic - QS (V1-V4) 10 14 2 124 Myocardial infarction

*After the end of extracorporeal circulation.
-, absent; +, present
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operation with normal activity at 21 hours.9
New postoperave septl rotion abnomal4 was

defined as a change in septal segment score of a 1 in
the postoperative echocardiographic short axis view
showing the maximum change in wall motion score.

RV

Figure Cross secionalewchadiographc shor-t axis view of the
leftvtnide at it level ofdiepa kymusce tip. (a) Diastolic
and (b) sOl stopframes show dte aeaodigapi sod
ah rared to detect de septal ecardial signal so dta (a)

endoardialmoton and (b) wal dickening can be descibed.
Thissfigure afage suy quality in apasen who

was classified as having norm septal wal motion
preoperadvey.

STATISTICAL ANALYSIS
Means and standard deviations were calculated in the
usual way. Paired t tests were used to test the differ-
ence between the means.

Results

ECHOCARDIOGRAPHY
Of the 45 patients with technically adequate preopera-
tive echocardiograms 34 had septal segments that
showed normal regional wall motion. Figure 1 shows
a typical normal study. Eleven patients had septal
segments that showed abnormal wall motion. Of
these, five had hypokinetic segments, four akinetic,
and two dyskinetic. The preoperative regional wall
motion index was 2-58 (0-84) (mean (SD)). After
operation, the index for the 45 patients decreased to
2-14 (0.83) (p<O-001). Thirty (67%) septal segments
were unchanged in the postoperative study, 14 had
deteriorated, and one improved.

Segnents dewiorated (Table)
Akinesi-Of the 14 septal segments that deterior-

ated, two showed new akinesis after normal preopera-
tive motion. Both patients had perioperative myocar-
dial infarction based on creatine kinase MB criteria,
but only one patient had new electrocardiographic Q
waves.
H-Eklwsis-Eleven segments became hypokinetic

postoperatively after preoperative motion had been
normal. Of these, eight had normal serial creatine
kinase MB values after operation and two had an
abnormal rise in enzyme activity without electrocar-
diographic ST-T wave changes. Creatine kinase MB
values peaked between four and seven hours in these
patients but were within normal values at 21 hours,
indicating transient ischaemia.'° In one of the 11
patients activity peaked at 21 hours, and this patient
was considered to have perioperative myocardial
infarction.9
Dyskiesis-One segment that had been akinetic

before operation became dyskinetic. This patient had
no electrocardiographic or enzymatic change.
A total of 11 patients therefore had new septal

abnormalities but no enzymatic or electrocardiog-
raphic evidence of perioperative myocardial infarc-
tion; nine had an associated mild or moderate pericar-
dial effusion.

Segments inproved
Only one preoperatively abnormal septal segment
improved, from dyskinetic to akinetic. This was not
associated with pericardial effusion or an abnormal
rise in creatine kinase MB activity. Of the 10 other
septal segments that were abnormal preoperatively,
none showed any change in the postoperative study.
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Discussion

We detected a high incidence (24%) of new septal wall
motion abnormalities after coronary bypass surgery in
our patients. Although ischaemic damage may have
been responsible for septal hypokinesia in two
patients and perioperative infarction may have occur-
red in three patients, perioperative infarction and
transient ischaemia were not the cause of most of
these new septal abnormalities. Experimental studies
have shown that brief periods of ischaemia can

depress myocardial function. This injury is reversible
with time, although the structural, metabolic, and
functional properties of the myocardium may remain
severely disturbed for days before recovery. 'O 1 This
phenomenon may explain the late normalisation of
surgically induced septal wall motion abnormalities in
one patient reported by Rubenson et al studied some
weeks after operation.'2 Our results, however, sup-
port a recent radionuclide study of patients with
abnormal septal wall motion after coronary bypass
surgery who had normal thallium-201 perfusion scans

of this region.'3 Our findings of normal enzyme pat-
terns in most patients with new abnormal septal
motion support the notion that factors other than
ischaemia or infarction are operating.
We found an association between septal

hypokineasia and pericardial effusion. Several expla-
nations for this phenomenon are possible. Septal
hypokinesia has been reported in patients with con-

strictive pericarditis and with major pericardial effu-
sion.'4 15 In some of our patients therefore the pres-
ence of a moderate sized pericardial effusion may have
been responsible for the septal abnormality. We have
also noted abnormal echoes that appear to represent
organised clot in part of the anterior right ventricular
wall in most patients after coronary artery bypass
surgery. These clots may therefore contribute to the
abnormal septal wall motion without there necessarily
being an additional large pericardial effusion. Recent
intraoperative echocardiographic studies suggest that
the pericardiotomy itself is responsible for septal wall
motion disturbances secondary to excessive anterior
cardiac mobility.4 This finding is supported by
reports that septal hypokinesia is seen in patients with
congenital absence of the pericardium.'6 At our
institution the pericardium is always left open but
does not remain so since subsequent healing and a
variable amount of epicardial and mediastinal adhe-
sion inevitably occurs. This is consistent with the
observation that most septal abnormalities tend to
return to normal with time,'3 and indeed Righetti
et al speculated that postoperative adhesions could
lead to late normalisation of septal wall motion.2

Echocardiographic septal hypokinesia has also been
reported after valve surgery.' Ventriculotomy cannot

be implicated as a possible mechanism since septal
hypokinesia is not seen in patients undergoing mitral
valvotomy.' Furthermore, septal abnormalities have
been found in patients undergoing cardiac surgery
without a ventriculotomy. ' 2 Although all our patients
had septal hypokinesia or akinesia, none had associ-
ated right ventricular volume overload or elec-
tromechanical,'7 structural,18 or other patho-
physiological19 conditions that are known to be
associated with abnormal septal wall motion.7

In two patients perioperative myocardial infarction
resulted in new septal akinesia with an abnormal rise
(>50 IU/1) in serum creatine kinase MB activity 21
hours after the end of cardiopulmonary bypass indi-
cating irreversible myocardial damage.9 A few of our
patients with new septal hypokinesis showed an
abnormal rise in creatine kinase MB activity peaking
between four and seven hours but with normalisation
at 21 hours indicating transient ischaemia. Creatine
kinase MB is a very sensitive chemical indicator of
myocardial damage, and abnormal rises in its activity
are detected after episodes of stable and unstable
angina.20 The qualitative detection on single quantita-
tion estimates of the enzyme by itself is, however, not
specific for the diagnosis of perioperative infarc-
tion.21 22 Histochemical and untrastuctural studies
have shown that the cellular changes after cardiopul-
monary bypass grafting closely resemble changes seen
after reperfusion of ischaemic regions.23 This
ischaemic insult may result in changes in myocardial
cell permeability,24 which in turn could lead to a
"stunned" septal segment.'0 It is reasonable to sup-
pose therefore that changes in membrane permeabil-
ity promote cellular depletion of creatine kinase
MB.20 22

In conclusion this study has shown that transient
myocardial ischaemia or generalised cell necrosis are
not responsible for the majority of new septal wall
motion abnormalities after coronary bypass graft
surgery. New echocardiographic septal wall akinesia
may be a marker of perioperative infarction but
appears to be most frequently associated with
intrapericardial collections.
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