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On line ST-segment 
analysis for detection of 
myocardial ischaemia 
during and after coro- 
nary revascularization 

Purpose: A paucity of  information exists to validate the accu- 

racy and reliability of ECG monitoring in the operating room 
or ICU. The purpose of this study was to determine the accu- 

racy, sensitivity, specificity, and predictive values of  the 
Marquette ECG monitor for detection of  perioperative 

myocardial ischaemia (PMI) as measured by ST segment 
changes in a high risk population. 

Methods: Monitoring for PMI in 28 patients scheduled for 
aortocoronary bypass surgery was done with the Cardiodata 
pR| ambulatory continuous electrocardiography (ACECG) 

monitor lead V 5, and compared w'ith lead V 5 of  the Mar- 
quette | Series 7000 ECG/ Surgical operating room monitor, 
and ECG/Resp ICU monitor. The Marquette lead V 5 was eval- 

uated using current criteria for the assessment of  diagnostic 

tests including concordance, sensitivity, specificity, positive 
and negative predictive values, false positive and false nega- 
tive rates and compared with the ACECG monitor which 

served as the reference or "gold standard." Agreement be- 
yond chance between the two methods was assessed using the 

Kappa statistic. 

Results: Of the 53 observation data points, 27 were defined as 
ischaemic episodes by ACECG. Concordance between lead V 5 
in each system was 83% (44/53 episodes). Discordance was 
17% (9/53 episodes), predominantly in the postbypass interval 
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(77%, 7/9; P = 0.0184). The incidences of  false negatives and 

false positives for Marquette lead V s was 26% (7/27) and 
7. 7% (2/26), respectively. The sensitivity and specificity of  the 

Marquette was 0.74 and 0.92. Positive predictive value was 

0.91, negative predictive value was 0.77, and Kappa statistic 

was 66%. 
Conclusion: Automated ST segment analysis with the Mar- 

quette@ Series 7000 monitoring system demonstrates good 
diagnostic accuracy, moderate sensitivity, and high specificity. 
However, clinically significant false negative and false posi- 

tive rates of  ischaemia detection are associated with its use, 
especially in the postoperative period. 

Objectif" Peu de donndes nous permettent de valider la prdci- 
sion et la fiabilitd du monitorage dlectrocardiographique en 

salle d'opdration et ~ l'unitd des soins intensifs. Cette dtude 
avait pour but de ddterminer dans une population ?t haut 

risque, la prdcision, la sensibilitd, la spdcificitd et la valeur 
prddictrice du moniteur d'ECG Marquette destind ?t la ddtec- 

tion de l'ischdmie myocardique pdriopdratoire (IMP) telle que 
mesurde par les altdrations du segment ST. 
Mdthodes: Chez 28 patients programmds pour une chirurgie 
de revascularisation myocardique, I'IMP dtait monitorisde par 
dlectrocardiographie ambulatoire continue (ECGAC) r l'aide 

d'un appareil Cardiodata pR| en ddrivation V 5, pour fin de 
comparaison ?t la ddrivation V~ d'un moniteur ECG de salle 

d'opdration et d'un moniteur ECG/Resp de soins inten- 

sifs Marquette @ Series 7000. La ddrivation V 5 du Mar- 
quette dtait comparde aux critdres en vigueur pour l'dvalua- 

tion des dpreuves diagnostiques dont la concordance, la sen- 

sibilitd, la spdcificitd, les valeurs prddictrices ndgatives et 

positives, le taux de faux positifs et de faux ndgatifs. L'ac- 
cord entre les deux mdthodes dtait dvalude par statistique 
Kappa. 

R~sultats: Des 53 ~pisodes observes, 27 ont dtd ddcrits par 
I'ECGAC comme des dpisodes ischdmiques. La concordance 
entre la d#rivation V 5 de chaque syst~me dtait 83% (44/53 
dpisodes). La discordance dtait 17% (9/53 dpisodes), avec prd- 
dominance pendant l'intervalle post-CEC (77%, 7/9; P = 

0,0184). Avec le V5 du Marquette, l'incidence de faux n~gatifs 
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et de faux positifs ~tait respectivement de 26% (7/27) et de 

7,7% (2/26). La sensibilitd et la sp~cificit~ du Marquette 
dtaient de O, 74 et de 0,92. La valeur prddictrice positive ~tait 
0,91, et n~gative, 0,7Z La statistique Kappa dtait calculde 

66%. 
Conclusion: L'analyse automatis~e du segment ST avec un 
systdme de monitorage Marquette Series 7000 est precise, 
moddr~ment sensible et hautement sp~cifique. Cependant, un 
taux cliniquement important de faux n~gatifs et de faux positifs 
est associ~ ?~ son utilisation surtout ~ la p~riode postop~ra- 
toire. 

The accurate detection of perioperative myocardial 
ischaemia in patients undergoing aortocoronary bypass 
surgery is clinically important. Up to 40% of patients 
scheduled for coronary revascularization develop life 
threatening postoperative ischaemia that is associated 
with an increased need for pharmacological support 
and/or need for intra-aortic balloon counterpulsation, j 
Silent, asymptomatic myocardial ischaemia may be 
common and may identify a high risk patient popula- 
tion. 

The electrocardiogram remains the least expensive, 
most readily available, and specific monitor for the 
detection of myocardial ischaemia. However, there 
exists a relative paucity of information to validate the 
accuracy of ECG monitoring for the detection of 
ischaemia occurring in patients in the operating room 
(OR) or intensive care unit (ICU). This has recently 
been stressed by the American Heart Association task 
force on practice standards for electrocardiographic 
monitoring in special care units. 2 

Clinical studies have documented the usefulness of 
ambulatory, continuous ECG monitoring (ACECG) for 
the determination of the natural history of ischaemia in 
populations at risk. 3,4 Hollenburg has recently deter- 
mined the applicability and reliability of ACECG to 
detect myocardial ischaemia in patients undergoing aor- 
tocoronary bypass surgery. 4 This study established the 
suitability of ACECG as a "gold standard" technique for 
detection of perioperative myocardial ischaemia in this 
setting, when rigid criteria are applied. 

This study compared ST-segment analysis of the 
Marquette| Series 7000 ECG/Surgical (OR) and ECG/ 
Respiratory (ICU) monitors with ACECG using the 
Cardiodata| MK 4 analysis system for detection of 
perioperative myocardial ischaemia in a high risk 
patient population undergoing coronary artery revascu- 
larization. The purpose was to determine the accuracy of 
the Marquette ECG monitor for the detection of periop- 
erative myocardial ischaemia (PMI) in a high risk popu- 
lation. 

Methods 
Following institutional ethics committee approval and 
informed patient consent, 28 patients scheduled for 
ACBP surgery were studied. Preoperative evaluation 
included invasive cardiac angiography and routine ECG. 
Patients taking digoxin, or those with preoperative left 
bundle branch block, left ventricular hypertrophy, or 
intraventricular conduction delay were excluded from 
this study. Patients continued their anti-anginal medica- 
tions up to 90 min preoperatively. All patients received 
0.06 mg. kg -1 lorazepam po, 90 min before surgery. 

A two channel AM ambulatory ECG recorder, 
Cardiodata PR | (flat frequency response _+3db from 
0.05-100 Hz) continuously monitored bipolar lead V 5 
from two to four hours preoperatively, intraoperatively, 
and for 24 hr after surgery. Standard silver/silver chlo- 
ride (Ag/AgCI) electrodes were applied by a trained 
ECG technician, following appropriate skin preparation 
to avoid loss of ECG lead contact. The ECG signal was 
calibrated and standardized prior to data collection in 
each patient. The Marquette| Series 7000 ECG/ 
Surgical (OR) module and ECG/Resp (ICU) module 
(fiat frequency response _3db from 0.05-40 Hz and 
0.05-100 Hz, respectively) monitored lead V 5, intra- 
and postoperatively, for 24 hr. This V 5 lead was posi- 
tioned so that its contact was immediately adjacent to its 
bipolar V 5 counterpart. A fixed analysis point (60 msec 
after the J point) was determined for each patient, on 
arrival in the operating room, and ICU, respectively. 
Lead specific ST trends for lead V 5 were reproduced 
using this monitor's graphic software. 

Anaesthesia consisted of 3-10 tag. kg -t sufentanil and 
isoflurane, 0.5-2.0%, in air/oxygen (FxO2 = 0.5). Sur- 
gery was conducted with hypothermic cardiopulmonary 
bypass (28~ and membrane oxygenator. Cold crystal- 
loid or blood cardioplegia (8-10~ was employed for 
myocardial protection. Nitroglycerin, iv, was used only 
to treat episodes of myocardial ischaemia during the 
study interval. The criteria for detection of myocardial 
ischaemia included: (1) new horizontal or downsloping 
ST segment depression _>1 mm for more than one 
minute; or (2) ST segment elevation _>1.5 mm at the J 
point + 60 msec, lasting more than one minute in dura- 
tion. Myocardial infarction was diagnosed by the fol- 
lowing criteria : CK-MB > 100 IU with new Q waves or 
evolving T wave changes on serial ECGs. 5 

The Cardiodata| MK4 analysis system was used for 
playback to generate ACECG reports. These reports 
were reviewed independently by a cardiologist (DR) and 
an anaesthetist (DMA) for diagnosis of myocardial 
ischaemia. This was aided by the use of patient diaries 
that noted timing of intraoperative events, including 
defibrillation and the use of cautery. The Marquette 
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TABLE Comparison of Marquette ECG lead V 5 and ACECG lead V 5 
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"Gold Standard" lschaemia assessed by ACECG 

Ischaemic Non-ischaemic Total 

Ischaemia assessed Positive 20 ~ 2 b 22 
by Marquette Negative 7 r 24 a 31 

27 26 53 

a = # of study periods with ischaemia and positive. 
b = # of study periods without ischemia and positive. 
c = # of study periods with ischaemia and negative. 
a = # of study periods without ischaemia and negative. 
Marquette: Sensitivity = 0.74; Specificity = 0.92. 
Positive Predictive Value = 0.91 (excellent, high proportion of correctly predicted ischaemic study periods). 
Negative Predictive Value = 0,77 (good, moderately high proportion of correctly predicted non-ischaemic 

study periods). 
Accuracy = 0.83 (agreement between diagnostic tests). 
Kappa = 0.66 (agreement beyond chance). 

reports generated in the intra- and postoperative periods 
were reviewed by two anaesthestists (DMA, JPO). 
Where discrepancies existed, an attempt to reach a con- 
sensus on interpretation was made between observers. 

Ischaemic episodes as determined by ACECG were 
examined for timing, duration and severity. Data com- 
parisons were made using the presence or absence of 
ischaemia in the Marquette monitors at corresponding 
time periods intra- and postoperatively. Data from both 
Marquette monitors were combined for comparison to 
data from the ACECG, because the total number of 
ischaemic episodes was small. The Marquette ECG lead 
V s was evaluated and compared with the ACECG by 
applying current criteria for the assessment of diagnostic 
tests: sensitivity, specificity, positive and negative pre- 
dictive values, and Kappa statistic. 6-8 (Appendix) False 
positive and false negative rates for the prebypass ver- 
sus postbypass intervals were compared by chi-square 
analysis. P < 0.05 was considered statistically signifi- 
cant. 

Results 
The ACECG and Marquette monitoring was complete 
and available for comparison in all 28 patients enrolled 
in this study. Twenty-seven ischaemic episodes were 
detected in 17 patients by ACECG using a bipolar V 5 
lead. Prebypass ischaemia occurred in nine patients 
(31.5%): arrival = 3 (10%); pre-CPB = 6 (21%). 
Postoperative ischaemia occurred in 13 patients 
(46.4%): OR only (post CPB to end of surgery ) = 4 
(14.3%); OR and ICU (on admission) = 2 (7.1%); ICU 
only (admission to 24 hr post CPB) = 7 (25%). 
Consensus could not be reached between the reviewers 
regarding interpretation of four episodes of ST eleva- 
tion. These changes met diagnostic criteria but the cardi- 

ologist felt they were not ischaemic. These episodes 
were eliminated from further analysis. 

The Table summarizes the comparison of Marquette 
ECG lead V 5 with the ACECG bipolar lead V 5. The 
overall concordance between leads was 83% (44/53). 
The overall discordance between leads was 17% (9/53). 
T h e  i n t r a o p e r a t i v e  p r e - b y p a s s  d i s c o r d a n c e  r a t e  w a s  2 2 %  

(2/9 episodes @ 15 and 102 min pre-bypass). The post- 
bypass discordance increased to 77% (7/9 episodes @ 
11 to 14.5 hours postbypass), P = 0.0184. The inci- 
dences of false negatives and false positives for 
Marquette lead V 5 were 26% (7/27) and 7.7% (2/26), 
respectively. Agreement beyond chance between the 
two monitors was found to be 66%, as measured by the 
Kappa statistic. The Table shows highly acceptable val- 
ues for the criteria generally used to evaluate the useful- 
ness of a diagnostic test. 6-8 

Discussion 
This study evaluated the Marquette@ Series 7000 oper- 
ating room and ICU ECG monitors for the detection of 
perioperative myocardial ischaemia in patients undergo- 
ing aortocoronary bypass surgery. The principal find- 
ings included: (1) Marquette lead V 5 and ACECG bipo- 
lar lead V 5 were in agreement 83% of the time, 66% of 
the time beyond chance; (2) Marquette lead V 5 falsely 
diagnosed episodes as negative for ischaemia 26% of 
the time; (3) more disagreement between Marquette lead 
V 5 and bipolar lead V 5 occurred in the first 24 hr post- 
bypass; (4) Marquette lead V 5 sensitivity, specificity, 
positive and negative predictive values were all within 
acceptable limits. 

Early postoperative myocardial ischaemia has recent- 
ly been linked to the development of adverse cardiac 
events) Much of the research conducted in this area has 
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relied on the use of ECG technology to characterize this 
phenomenon. The preoperative pattern of ischaemia 
may identify patients at high risk for the development of 
adverse cardiac sequelae (myocardial infarction, unsta- 
ble angina, congestive cardiac failure). 9 Potentially 
reversible, prolonged postoperative ST segment depres- 
sion precedes the development of postoperative myocar- 
dial infarction. 

The accuracy and reliability of ECG technology in 
the perioperative assessment of myocardial ischaemia 
has been questioned, l~ The technology is still evolving, 
having moved from intermittent sampling to continuous 
on-line monitoring (including real time or retrospective 
review), as well as computerized ST segment analysis. 
The American Heart Association has requested review 
of this area, in an effort to standardize equipment for use 
in an operating room or ICU. 2 This comes with the 
recognition that real, but subtle differences exist be- 
tween monitoring systems, and the development of their 
use for ischaemia detection is a recent event. 

In this study we studied three monitoring systems. 
Their frequency responses ranged from 0.05 to 100 Hz, 
a range that would allow for accurate reproduction of 
the QRST complex. The frequency response of the 
intraoperative monitor used was not as wide as the "gold 
standard." The frequency limit of 0.05 to 40 Hz still per- 
mits accurate processing of the ST segment. All moni- 
tors operate in the "diagnostic mode," avoiding another 
source of false positive/false negative distortion of the 
ST segment as reported by Slogoff e t  al .  ~ 

The methodological criteria used to evaluate diagnos- 
tic tests has been previously established. 6-8 This 
includes the definition of the "gold standard" based on 
definitive pathological diagnoses, explicit criteria, and 
reproducible results. On this basis, ACECG was defined 
as the reference "gold standard" for this study. This 
decision was based on the following: (1) mechanical 
and electric measures of myocardial ischaemia show 
equal sensitivity in  v ivo;  12 (2) ST segment depression is 
accompanied by a reduction in coronary blood flow as 
measured by positron emission tomography; 13 (3) tran- 
sient ST depression is a rare finding in the normal popu- 
lation; ~4 (4) when rigorous criteria for ECG inter- 
pretability and patient exclusion are used, it is a reliable 
and suitable monitor of myocardial ischaemia in the set- 
ting of cardiac surgery; 4 and (5) its use in previous clini- 
cal studies. LI5 Our data analysis adopted this recom- 
mended approach. The observers were blinded to the 
interpretation of the "gold standard" results before com- 
parisons were made of episodes detected by the 
Marquette monitors at similar intra- and postoperative 
times. Using this method, evaluation bias is reduced, 
and clinical usefulness better def ined.  6,7 

Based on our criteria, the two lead systems demon- 
strate a highly acceptable degree of concordance of 
0.83. The discordance beiween unipolar Marquette lead 
V 5 and bipolar ACECG lead V 5 was different in the 
operating room and ICU. Of importance, the discor- 
dance between systems increased in the postbypass peri- 
od. The unipolar Marquette lead V 5 underestimated 
myocardial ischaemia at a time when patients are at 
greatest risk for its development and sequelae. Based on 
our findings, a clinician could expect false negative sig- 
nalling for nearly a quarter of ischaemic episodes, and 
false positive signals about' eight per cent of the time. 
We consider these rates to be clinically important be- 
cause of their potential impact on patient therapy. 

These findings require cautious interpretation. Des- 
pite the attempt to control for similarities in monitors 
and lead placement, subtle differences may exist. For 
accurate QRST complex recording, the shaving of body 
hair, cleansing of skin with isopropyl alcohol, abrasion 
of skin to enhance lead contact, and the use of stable 
Ag/AgC1 ECG electrodes have been shown to be benefi- 
cial. This was the case with respect to use of ACECG 
monitoring, since the electrode system was applied by 
ECG technicians well versed in this procedure. Despite 
the application of Marquette ECG monitor electrodes in 
the operating room by the anaesthetists involved in the 
study, this rigid protocol may not have been adhered to. 
We wanted to simulate clinical conditions as far as pos- 
sible. This could have introduced inaccuracies in the 
assessment of the ECG between systems and/or among 
patients. This would have made it impossible to reach 
perfect agreement between systems. In addition, since 
these leads were adjacent to one another, it is possible, 
given the strong vectorial nature of the ST segment, that 
a change in the position of the sensing electrode atten- 
dant with chest wall rotation following sternotomy and 
retraction could introduce additional experimental error. 

The increase in postoperative discordance is an 
important finding. Recently, it has been recommended 
that ischaemic changes be confirmed with a calibrated 
ECG. ~6 Inappropriate ST segment values could be pro- 
duced if measurement of the isoelectric point occurred 
in the P wave as the PR interval shortens during tachy- 
cardia, or if measurement occurred in the S wave during 
prolongation of the QRS interval. The variations in heart 
rate and change in QRST morphology seen at this time 
may require more frequent resetting of measurement 
points than what we did in this study. Study patients 
were not observed by the investigators continuously in 
the postoperative period. We did not reset these mea- 
surement points to accommodate such changes, other 
than at the initiation of monitoring on arrival in the ICU. 
The potential for ST baseline drift during this time due 
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to factors other than myocardial ischaemia may be a 
confounding variable. The small number of ischaemic 
episodes observed limits this study and makes the inter- 
pretation of this result difficult. This finding will have to 
be confirmed by additional study with application of 
strict experimental criteria to accommodate change in 
heart rate or QRS morphology during this perioperative 
interval. 

A larger discrepancy existed between what the 
ACECG detected and what the cardiologist interpreted 
as myocardial ischaemia. Controversy exists over inter- 
pretation of changes in the ST segment as a measure of 
myocardial ischaemia. Postural changes, tachycardia, 
hypertension, sympathetic system discharge, hyperven- 
tilation, change in left ventricular dimension, change in 
intraventricular conduction, and drug therapy can all 
produce ST segment shift that mimics myocardial 
ischaemia.17 These events may be encountered frequent- 
ly in the operating room. This concern was raised by the 
cardiologist reviewing ACECG reports, who insisted on 
rigid criteria for their interpretation. We wanted to 
maintain a rigid interpretation of myocardial ischaemia 
and consensus could not be reached with respect to four 
episodes of ST elevation. Had our criteria been changed, 
it is possible that the frequency of ischaemic events 
might have been higher. However, specificity would 
have been reduced. 

The use of ACECG monitoring allows for playback 
and retrospective review of the entire ECG profile over 
time (full disclosure). This capability to store ECG data, 
is not available in the Marquette monitors used in this 
study. However, the disadvantage of ACECG monitor- 
ing is the lack of real time display. The Marquette Series 
modules provides microcomputer based ST segment 
analysis, in the form of three lead ST trend and their 
mathematical sum in the form of a trend line. The ST 
segment data are displayed every four minutes. The data 
analysed were lead specific (Vs) ST segment shift from 
isoelectric, trended for display of 1, 4, 8, and 24 hr peri- 
ods. It is possible that interpretative differences exist 
because of the effects of data compression seen in the 
replay of ST segment trends for intervals greater than 
one hour. Newer digital Holter technology is starting to 
find its way into the operating room. 18 Its development 
would allow for data storage and processing of trend 
lines as well as actual display of abnormal ECG com- 
plexes. Combined with the ability to reject artifact, these 
systems will provide a distinct advantage over that 
presently available for clinical use. 

Physicians caring for patients undergoing aortocoro- 
nary bypass surgery should be aware of the usefulness 
and limitations of ECG monitors to detect myocardial 
ischaemia with accuracy and reliability in the OR and 

ICU. This study has defined the limits of accuracy of the 
Marquette | Series 7000 operating room and ICU mod- 
ules. Based on standard criteria the V 5 lead of this moni- 
toring system is highly acceptable, however it does have 
clinically important false positive and false negative 
rates of ischaemia detection. Therapeutic decisions 
based on monitors which may fall to detect episodes of 
myocardial ischaemia, especially in the postoperative 
period, may be incorrect. This could inadvertently jeop- 
ardize patients' outcomes. One way to enhance this 
could be to change the number and location of monitor- 
ing leads. Altering the lead system position of the 
Marquette monitor to provide two bipolar precordial 
leads is possible and may provide more efficient online 
ischaemia detection. This deserves further evaluation in 
the setting of cardiac surgery. 
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Appendix 
Definitions and calculations for sensitivity, specificity, 
etc. 

Sensitivity = a/a + c 
= proportion of  study periods where 

ischaemia was present correctly identified 
by the Marquette 

Specificity = d/b + d 
= proportion of  study periods without 

ischaemia correctly identified by the 
Marquette 

Positive Predictive Value = a/a + b 
= proportion of  study periods 

with a positive Marquette 
when ischaemia is truly 
present 

Negative Predictive Value = d/c + d 
= proportion of  study periods 

with a negative Marquette 
when ischaemia is truly 
absent 

Accuracy = a + d/a + b+ c + d 
= the # of  true positives+the # of  true nega- 

tives / total # of  study periods tested 
= agreement between diagnostic tests 

O - C  
Kappa = 1 - C 

= O: observed agreement C: chance agreement 
= agreement beyond chance 
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