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INTRODUCTION 

The increasing number of aorto-coronary bypass procedures now being per- 
formed has brought to the operating room, and to the anaesthetist, patients wit1 
varying degrees of myocardial competency. This myocardial competency, or con- 
tractile performance of the heart in patients with isehaemic heart disease is likely 
to influence prognosis, response to anaesthetic agents, and the post-operative 
course. 

The problem is how to assess left ventricular performance when there is no 
unique measurement, invasive or non-invasive, which is acceptable as an indicator 
of myocardial contractility. To date, probably the most useful clinical index of 
left ventricular function is the ejection fraction, which is the ratio of stroke volume 
divided by left ventricular end-diastolic volume. This is usually measured by 
invasive technique during angiography. Although this index is a function of initial 
fibre length it has been found to bear a significant relationship to the ultimate prog- 
nosis of patients undergoing aorto-coronary bypass surgery. 1 Unfortunately this 
measurement is not readily available to the anaesthetist as a monitoring tool. 

Systolic time intervals, a non-invasive measurement, has been shown to correlate 
well with ejection fraction and with other invasive indices of left ventricular 
function in man. 2 These intervals are easily detectable alterations in the temporal 
course of the cardiac cycle which have been found to correspond to changes in 
heart function. For example, depressed left ventricular function in the decompen- 
sated heart produces measurable changes in systolic time intervals. Stated sim- 
plistically, during left ventricular failure the pre-ejection period lengthens, reflect- 
ing a slower rate of development of myocardial tension, while the left ventrieular 
ejection time diminishes, the result of a smaller stroke volume due to decreased 
rate of myocardial fibre shortening. In this circumstance the duration of total elec- 
tromechanical systole remains unchanged. 

Even more useful are the changes in the ratio of the pre-ejection period to the 
left ventricular ejection time (PEP/LVET). This ratio has the advantages of 
encompassing deviations of both basic intervals, the pre-ejection period and the 
left ventricular ejection time, and may reflect abnormalities when neither one 
alone is clearly abnormal. Furthermore, the ratio is not influenced by heart rate 
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within a range of 40-110 beats/minute and is relatively unaffected by digitalis, 
which tends to shorten both intervals. 

This study uses systolic time intervals to evaluate left ventricular performance 
in patients undergoing aorto-coronary saphenous vein bypass graft surgery. 
Although left ventricular dysfunction has been demonstrated post-operatively by 
others, ~-n the pattern and duration of this impaired myocardial performance has 
not been reported. 

METHODS 

We studied 28 patients undergoing saphenous vein aorto-coronary bypass surgery. 
Systolic time intervals were recorded on each patient in the resting supine position 
as described by Weissler. 6 An Elema-Scholander 8-channel recorder was used to 
record electrocardiogram, phonocardiogram and carotid pulse wave simulta- 
neously. All records were made at a paper speed of 100 mm per second. The fre- 
quency responses of the carotid pulse recorder (0.1--40 Hz) and the phono- 
cardiograph (100--400 Hz) were verified. The carotid pulse was recorded with a 
pressure cup through polyethylene tubing in series with an air-coupled transducer. 
An Elema-Scholander piezo-microphone with a low frequency band pass filter 
was used to record heart sounds. The standard electrocardiogram (lead II) was 
used to demonstrate the Q wave, which marks the onset of electro-mechanical 
systole (QS2) (Figure 1). The left ventricular ejection time (LVET) was mea- 
sured from the onset of the rapid carotid upstroke to the dicrotic notch. The total 
electro-mechanical systole (QSz) is the measured interval from the Q wave to the 
first high frequency vibrations of the second heart sound (aortic valve closure). 
The pre-ejection period (PEP) was derived by subtracting the LVET from the 
QS~ ( Figure 1 ). Each interval reported is the average of ten consecutive individ- 
ually measured cardiac beats. 

Each patient was studied pre-operatively to establish a control value. Sub- 
sequent measurements were made immediately following operation and each 
morning (0800-1000 hours) thereafter for the duration of hospitalization. The 
intervals PEP, LVET and QS2 were corrected for the effects of heart rate using 
the regression equations reported by Weissler. 7 This correction yielded the various 
indices reported as PEPI, LVETI and QS2I. The ratio PEP/LVET needs no cor- 
rection and represents the ratio of two directly measured intervals. Changes were 
considered significant from the control value ff P < 0.05. All values are reported 
as the mean - one standard deviation (---1 S.D.). 

All patients received pantopon and hyoseine premeditation, were induced with 
sodium thiopentone and intubated following the administration of pancuronium. 
Innovar, pantopon, and N20:O2 were used to maintain anaesthesia. A Bentley 
bubble oxygenator was used for all patients included in the study and moderate 
hypotherrnia (to 30 ~ C) was utilized during extracorporeal circulation. 

Twenty-four (86 per cent) of the total group of patients were operated upon 
because of unstable pre-infarction angina. Of the remaining four patients, three 
had severe but stable angina and one had recurrent bouts of ventricular arrhyth- 
mias. Eight patients (29 per cent) received digoxin pre-operatively. Although 18 
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FIGVRE 1. Relation of systolic time intervals to the cardiac cycle. PEP ---- pre-ejection period; 
LVET = left ventricular ejection time; QS~ -- total electromechanieal systole. 

patients had received propanolol pre-operatively this drug was discontinued in 
all patients 12 hours or more before commencement of surgery. Only two patients 
received propanolol post-operatively. All patients were in normal sinus rhythm 
without A-V conduction disturbances when our measurements were performed. 
Sixteen patients ( 57 per cent) had a history of one or more documented myocardial 
infarctions pre-operatively but only one was thought to have suffered a peri-oper- 
alive myocardial infarction on the basis of electrocardiogram or enzyme changes. 

In the second part of the study, 16 of the 28 patients were classified according 
to evaluation of ventricular function expressed as ejection fraction by the car- 
diologist during pre-operative angiography. Group A were patients who had sig- 
nificant coronary artery disease but normal ejection fractions, i.e. more than 60 
per cent. Group B were patients with poor ventricular contractility as indicated 
by ejection fractions less than 60 per cent. Patients who received post-operative 
inotropic or mechanical assistance (intra-aortic balloon pump) were not included 
in this comparison study. 

1REStrC~ 

Pattern of PEP/LVET changes 
The mean control value of PEP/LVET for all 28 patients is abnormal. Signif- 

icantly impaired ventricular performance as shown by an elevation of the PEP/ 
LVET ratio is most marked immediately post-operatively and persists until the 
fifth post-operative day. The change in PEP/LVET from control to the immediate 
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FICt~E 2. Pattern of PEP/LVET changes after aorto-coronary bypass surgery in all 28 
patients. Daily post-operative values in each patient are compared to pre-operative measurements. 

post-operative measurement is highly significant in all patients (Figure 2), The 
maximal elevation of PEP/LVET ratio occurs in the initial 48 hours post-oper- 
atively. During hospitalization the PEP/LVET ratio returns to the conta'ol value, 
but does not enter the normal range. 

Pattern of QS~I changes 
A shortening of the Q$o_I (total electromechanical systole corrected for heart 

rate) has been shown by others to correlate with an increased level of urinary 
catecholamine excretion s ( Table III). QS2I is markedly shortened from the control 
value throughout the duration of hospitalization of our patients (Figure 3). This 
shortening is maximal during the first five post-operative days and did not return 
to pre-operative values by the time of discharge from hospital, 

Pattern of LEVTI changes 
The left ventricular ejection time corrected for heart rate (LVETI) has been 

shown to correlate well with the stroke volume, 9 The LVETI decreased signif- 
icantly in our patients and remained low throughout their hospitalization 
( Figure 4). 

Comparison ot groups 
Groups A and B (eight patients in each group) represent distinctly different 

patient populations (Table I). Group A patients, with normal pre-operative ejec- 
tion fractions, (mean 71 --- 3.4 per cent) were also found to have a mean pre- 
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FIG~nE 3, Daily changes in QS~I reflecting increased adrenergic tone in patients in the 
post-operative period. 

F x c u ~  4. Daffy changes in L ~ T I  after aorto.coronary bypass surgery reflecting decrease 
in stroke volumes. 
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TABLE I 
CONTROL INDICES OF VENTRICULAR PERFORMANCE 

Mean ejection fraction of all patients - 55.7~ 4- 2.9 (n = 25) 
Mean PEP/LVET ~ 0.428 4- 0.016 (n = 27) 

Group A - Ejection fraction >60 
Mean of group = 71.3 4- 3.4 (n = 8) 
Mean PEP/LVET = 0.364 4- 0.015 

Group B - Ejection fraction <60 
Mean of group = 51.2 4- 1.9 (n = 8) 
Mean PEP/LVET = 0.441 4- 0.025 

TABLE II 

COMPARABILITY OF GROUPS 

Statistical 
Group A Group B Difference 

No. of vessels 
Grafted 

Time on C.P. 
Bypass 

Time of 
Myocardial 
Anoxia (min) 

2.38-4- O. 26 2.0 4-0.33 n/s 

101.38-4-17.28 77.254-11.17 n/s 

21.06::t: 2.67 17.254-4.14 n/s 

TABLE III 
RELATIONSHIP OF STI TO VENTRICULAR FUNCTION 

1. PEP/LVET reciprocally , ventricular function 
2. QS~I reciprocally ~ adrenergic activity 
3. LVETI directly a stroke volume 

operative P E P / L V E T  ratio (0.364 --- 0.015) within the normal range. Group B, 
consisting of patients with an abnormal pre-operative ejection fraction, (51.2 • 
1.9) had mean pre-operative P E P / L V E T  ratios, (0.441 - 0.025), in the abnor- 
mal range, that is more than one standard deviation above the normal population 
mean of 0.345 - 0.036 established by Weissler. Thus although the patients were 
divided according to their pre-operative ejection fractions, the mean P E P / L V E T  
ratio of Group B was significantly higher than the mean P E P / L V E T  ratio of 
Group A (p  < 0.025). 

The comparabili ty of the groups with respect to other factors which might be 
expected to influence ventricular performance is shown in Table II. Seabra- 
Gomes, e t  a l .  1~ have shown that the time of total myocardial anoxia does correlate 
with the degree of ventricular dysfunction following surgery. However, in these 
two groups the periods of total myocardial anoxia, the number  of vein grafts 
inserted and the length of the pump runs do not vary significantly between the 
two groups. 

The pattern of P E P / L V E T  changes in Groups A and B is plotted in Figure 5. 
The patients in Group A, with normal pre-operative P E P / L V E T  ratios, return to 
control values on the third post-operative day. The patients in Group B, with 
abnormal control ratios return to control values by the fourth post-operative day, 
but  do not approach the normal range. Both groups follow the same basic pattern 
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FIGURE 5, Pattern of changes in PEP/LVET in patients with normal indices of ventricular 
contractility ( Croup A ) as compared to patients with abnormal indices ( Group B ), 

seen in all 28 patients; that is, the maximal ventricular dysfunction is seen in the 
first 48 post-operative hours in each group, 

Changes in pre-load and after-load 
Changes in pre-load and after-load may affect systolic time intervals as they do 

any other measurement of heart pe r fo~ance  and we had to evaluate the impor- 
tance of these factors in causing the marked change in intervals from the pre- 
operative to the post-operative period. Consequently, we measured the change 
in pulmonary capillary wedge pressures pre-operatively and post-operatively and 
correlated these with simultaneous changes in the PEP/LVET ratio in nine of our 
patients on 17 different occasions, We found no significant statistical correlation 
(r = 0.16) between changes in the wedge pressure (pre-load) and changes in the 
PEP/LVET ratios. Similarly, the change in after-load as represented by systemic 
vascular resistance (SN,R,) was calculated from values of cardiac output mea- 
sured by dye dilution, mean arterial pressure and central venous pressure. The 
S,V.R. was assessed in seven patients on eighteen different occasions. The change 
in S.V,R from the pre-operatlve value to subsequent post-operative values was 
correlated with simultaneous changes in PEP]LVET ratios. No significant correla- 
tion was demonstrable between the PEP/LVET ratios, and the after-load as mea- 
sured by the S.V.R. (r = 0.41). However, when a three variable multiple linear 
regression was carried out, the change in PEP/LVET did vary significantly with 
simultaneous changes in P.C.W.P, and S,V.R. (r = 0.703; n = 13, p = 0.01). 
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DxscussloN 

The use of systolic time intervals as a daily record of ventricular performance 
following coronary artery surgery has demonstrated significant dysfunction in all 
28 patients. The eight patients in Group A were separated on the basis of normal 
ejection fractions by invasive catheterization techniques. They could have been 
separated equally well on the basis of non-invasive systolic time intervals. Sim- 
ilarly, Group B patients had abnormal ventricular performance as measured by 
ejection fraction and PEP/LVET ratios. Garrard, et  al. 11 have  previously shown 
that a highly significant relationship exists between PEP/LVET ratios measured 
non-invasively, and left ventricular ejection fraction measured invasively. Thus, 
pre-operative systolic time intervals could provide the anaesthetist with a con- 
venient index of myocardial competence. 

The ability of systolic time interval measurements to reflect altered ventricular 
function has not been used previously to monitor patients following anaesthesia 
and surgery on a daily basis. Matlof TM demonstrated on elevation of the PEP/LVET 
ratio at day seven following A-C bypass procedures. He attributed this dysfunction 
to the acute deleterious effects of cardio-pulmonary bypass and temporary cor- 
onary inflow occlusion (time of myocardial anoxia) during surgery. Our study 
demonsta'ates a more rapid return to normal indices in patients (Group A) with 
normal pre-operative values. This difference probably relates to different patient 
populations studied. 

There are several other factors which may be altered following surgery. Digitalis 
and increased adrencrgic activity tend to shorten the PEPI., QS2I, and the 
LVETI. 8 The effects of digitalis or beta receptor stimulation may mask the pres- 
ence of diminished left ventricular performance. Thus, in spite of digitalization 
and the increased level of circulating catecholarnines la,14 which follow surgery, 
the effects of left ventricular dysfunction predominate. 

The influence of pre-load and after-load must be considered in the interpretation 
of all indices of myocardial contractility, r5 The effects of pre-load and after-load 
on STI are extensively reviewed by Weissler. 6,r The use of a three variable multiple 
linear regression did demonstrate a significant relationship between the change 
in PEP/LVET and simultaneous changes in S.V.R. and mean pulmonary capillary 
wedge pressure. This relationship, which was not unexpected, does not detract 
from the fact that left ventricular performance is significantly depressed. The 
decrease in LVETI demonstrated reflects a decrease in stroke volume. This 
decrease in ventricular performance may be secondary to changes in pre-load, and 
after-load and/or contractility. Further investigation is underway to elucidate the 
importance of each of these three factors in the ventricular dysfunction which 
follows A.C. bypass. 

The effects of anaesthesia are not thought to be responsible for the prolonged 
period of ventricular dysfunction demonstrated to foflow surgery. Anaesthetic 
induced ventricular depression has been demonstrated by Prys-Roberts, et  aI. TM 

Blackburn, et  aI. 17 have demonstrated a decrease in LVET and QS2 and a lengthen- 
ing of the PEP by anaesthetic agents during induction, but no prolonged effect 
was found. Recently the narcotic-muscle relaxant anaesthetic technique has been 
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found to produce less pronounced elevation of the PEP/LVET ratio than halothane 
in patients with heart disease. TM 

Our data agree with Maflof, e t  al. ~2 that since patients in Group A had normal 
indices prior to surgery, it is not surprising that no improvement from this value 
is found post-operatively. The patients in Group B, however, had poor pre-oper- 
ative function demonstrated by both invasive and non-invasive techniques. No 
improvement from the control value is noted in either group prior to leaving hos- 
pital. Both Matlof 12 and Johnson 1~ have reported improvement in the PEP/LVET 
ratios at two and three months respectively following coronary revasculatization. 

The QS2 interval has been previously related to the 24-hour urinary catechola- 
mine excretion, s Thus, the extent of shortening of QS2I (Table III) probably 
reflects the extent of adrenergic activity in our patients following aorto-coronary 
bypass procedures. Our study confirms the work of Boudoulas, e t  a l3  ~ who found 
marked shortening of the QS2I two weeks following surgery, associated with 
increased excretion of urinary eatecholamines. Thus, systolic time intervals may 
provide an index of adrenergic tone in patients following surgery. 

The anaesthetist is primarily concerned with patient care in the immediate 
post-operative period. An elevation of left atrial hydrostatic pressure secondary 
to left ventricular dysfunction has been shown to be the prime determinant of post- 
operative lung water accumulation. 21 Hence, any improvement in ventricular 
function following surgery may reduce pulmonary complications. 

The ability of STI measurements to reflect altered ventficular performance 
demonstrates the prospective value of this index in evaluating groups of patients. 
The use of STI by anaesthetists had been relatively limited. 1~ lr However, a recent 
report is of a computerized system for on-line detection of systolic time intervals 
in the operating room reflects a renewed interest in this index as a monitor. The 
major criticism of the use of STI as a monitoring device is the lack of specificity 
of the measured changes. The effects of various physiological and pharmacological 
factors on STI has been well documented. 6.7 These studies have shown that the 
PEP/LVET ratio is a very sensitive, though non-specific measure of left ventricular 
performanee. Our study demonstrates that pre-load and after-load should be simul- 
taneously measured when this index is used to evaluate the effects of anaesthetic 
and surgical techniques. 

The fact that this measurement is non-invasive and easy to perform increases 
the scope of its application. The lack of specificity of changes in systolic time inter- 
vals makes the interpretation in any single case more difficult than estimating 
general patterns of ventricular dysfunction in groups of patients. 

CONCLUSION 

Pre-operative assessment of PEP/LVET ratio was as reliable as invasively 
measured ejection fraction in separating patients with normal ventrieular per- 
formance from those with abnormal indices. 

Our study demonstrates significant impairment of ventricular performance fol- 
lowing aorto-coronary bypass procedures. The duration of this dysfunction is 
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between two and five days following operation and is maximal in the first 48 hours. 
Meaningfu] interpretation of systolic time interval changes requires measurement 
of pre-load and after-load. Changes in these variables account for at least some 
of the increase in PEP/LVET ratio noted in our study. On the basis of a shortened 
QS~I these patients are thought  to exhibit increased adrenergic activity for the 
entire period of their hospitalization. 

R~suMt 

Le rapport  P E P / L V E T  (Pre-Ejection Per iod/Lef t  Ventricular Ejection Time)  se 
compare favorablement  ~ la mesure de la fraction d'djeetion - une technique 
invasive - lorsque ron veut d6terminer si un malade pr6sente une fonction ventri- 
culaire normale ou anormale. 

Notre 6rude a mis en 6vidence une dysfonction ventriculaire gauche signifieative 
apr6s chirurgie aorto-coronarienne. Cette dysfonction dure de deux tt cinq jours et 
elle se manifeste ~ son maximum au cours des premibres 48 heures. 

L'interpr4tation des changements observ6s dans la mesure des intervalles sys- 
toliques doit 4tre faite tt la lumi4re des modifications de la pr6 et de la post-charge; 
leur mesure est donc n6cessaire. Les modifications de ces paramgtres sont en partie 
responsables de l 'augmentation du rapport  P E P / L V E T  observ6 chez nos malades. 

Le raccourcissement des intervalles systoliques not6 chez nos patients est 
attr ibuable ~ l 'augmentation de l'activit4 adr6nergique, observ6e tout au long de 
l'hospitalisation. 
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