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Abstract

Effect of Body Position on the 12-lead Electrocardiogram

Mary G. Adams

Unlike the ECG abnormalities of myocardial infarction, transient ischemic

changes often disappear when the myocardial supply to demand ratio returns to baseline.

This suggests that the myocardial cells have been reversibly ischemic and have not totally

sustained permanent injury. Thus, it is critical for clinicians to accurately detect ischemic

changes on the bedside monitor and to provide prompt interventions to prevent

myocardial cell death that leads to adverse outcomes. Continuous 12-lead ST segment

monitoring is valuable to maximize detection of often-silent transient ischemia. However

because ST segments may be altered by many different conditions, it is imperative that

clinicians not rely solely on ST alarms. Thus, accurate ST segment interpretation

requires clinical expertise in electrocardiography, understanding of myocardial

physiology, and knowledge of the benefits and limitations of the ST segment monitor.

Understanding the role of body position as a major source of false positive alarms is

critical to accurate ECG monitoring for ischemia.
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Chapter 1

Introduction



The major goals of electrocardiographic (ECG) monitoring are to detect and

document both cardiac arrhythmias and myocardial ischemia. Historically, the 12-lead

ECG has been recorded over a single 10-second period of time while the patient is

maintained in a resting supine position. The advancement of current technology now

makes it possible to continuously monitor patients with the 12-lead ECG at the bedside.

However, prior research to develop 12-lead ECG interpretation criteria for myocardial

---*ischemia has only been conducted using ECG tracings obtained while the patient is in a

º *

-

.resting supine position.

There has been limited work examining the effects of body position on the ECG

(Table 1.1). The classic literature predominately focused on QRS changes that are not ºt
relevant to ST segment monitoring. Most of it is older (1950-1980) and lacks details on

**

the methods that would be valuable in interpreting the findings and designing future g

research. When taken together, the studies (Einthoven, Fahr et al. 1913; Nathason 1931; f s

Sigler 1936; Olbrich and Woodford 1951; Dougherty 1970; Shapiro, Berson et al. 1976; ■
g

ºFeldman, Borow et al. 1985; Huiskamp and van Oosterom 1992; Aberg, Sharkey et al.

1993) indicate that changes in body position can alter the ECG. Unfortunately, there are

some significant gaps throughout the literature. Much of the classic literature fails to

apply statistical tests to findings. Both classic and contemporary studies to date have

been limited by their omission of ST segment analysis, and small sample sizes of mostly

healthy males with unspecified age, ethnicity, body weight or structure. The

demographic uniformity of the literature severely limits the generalizability of the

findings. In addition, the literature rarely involved analysis of the full 12-lead ECG

which limits the results to the specified leads. Data collection methods were often not



clear from the literature. The methods of ECG measurements were always manual rather

than computer-assisted and the techniques and specific reference points were not

described. Taken together, these limitations threaten the reliability of the ECG tracings

and limit the reproducibility of these studies.

Because of these limitations, we conducted as a pilot study analyzing the effects of

body position on the ECG in both healthy and cardiac patients (Chapter 2). ST and QRS

changes were analyzed prospectively in 40 subjects (cardiac patients, 18; healthy

volunteers, 22) in supine, right-lying and left-lying positions. Of the 40 subjects, 15% (4

cardiac, 2 healthy) developed positional ST deviation > 100 p.V. Changes in QRS

morphology were common (28 of 40, 70%), occurring in both healthy and cardiac

subjects. The findings indicated that body position may cause false ST segment

monitoring alarms. This study included important preliminary work in the area of body

position; however, there were limitations. Subjects were positioned consecutively from

supine to right and then supine to left-lying positions, rather than randomly.

Randomization eliminates the confounder that ECG changes may depend on the sequence

of body position. Positional QRS changes were visually evaluated using a categorical

rating scale, instead of a more sensitive continuous numerical scale. Although helpful in

identifying the presence or absence of a QRS polarity change, this categorical rating scale

lacked precise quantification. This study (Adams & Drew, 1997), along with two more

recent studies [Adams, 1997 #111; Dougherty, 1970 #211; Huiskamp, 1992 #214],

document that Q, R, S and T wave changes occur in the 12-lead ECG on both the right

and left-side lying positions indicating that changes in body position can alter the ECG.
* *



Explanations as to the etiology of positional ECG changes have been proposed

including differences of ventricular volume (Brody 1956), anatomic change of the heart's

position in relation to the recording surface electrodes (Feldman, Borow et al. 1985),

latent heart disease (Bonner and Durant 1961), and changes in vagal and sympathetic

tone causing variations in electrical resistance with fluctuating lung volumes (Sutherland,

McPherson et al. 1983). Currently, there is not a consensus among researchers as to the

etiology of positional ECG changes. However, patients are monitored 24 hours a day in

various body positions, and since ECG changes due to body position occur frequently, it

is important to distinguish positional false positive ST alarms from true ischemia

[Adams, 1997 #111; Norgaard, 1999 #217].

Continuous 12-lead ECG Monitoring

Recent clinical studies have demonstrated the benefits of continuous 12-lead ECG

monitoring (Krucoff, Croll et al. 1993; Patel, Holdright et al. 1996). First,

comprehensive arrhythmia diagnosis often requires 12-lead ECG information (Drew and

Scheinman 1995). Second, ischemia detection often requires monitoring of the mid

precordial leads (V2, V3, V4, Vs). Unfortunately, the 5-lead ECG configuration

commonly used for bedside monitoring includes only one precordial lead and although

lead V1 is a valuable lead for arrhythmia monitoring, the mid-precordial leads (V2-Vs) are

more sensitive than lead V1 for the detection of ischemia (Krucoff, Jackson et al. 1990;

Drew, Pelter et al. 1998). Thus, the routinely monitored 5-lead ECG configuration

precludes the monitoring of both an ideal arrhythmia lead and ideal leads for ischemia

detection. A third benefit of continuous 12-lead ECG monitoring is that transient events

of diagnostic importance may not persist long enough to allow documentation due to the

--a
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lengthy set up when recording an ECG with a cart. It takes many minutes for the

clinician to retrieve the ECG cart, bring it to the bedside, attach the electrodes and lead

wires to the patient, and enter the patient’s demographic information into the

electrocardiograph. However, if continuous 12-lead ECG monitoring is performed, full

disclosure capability allows clinicians to easily review a patient's ECG history and detect

transient events as well as correlate the patient’s signs and symptoms.

False Positive ST Segment Alarms

Continuous 12-lead ST segment monitoring is non-invasive and is the most

efficient way of detecting acute myocardial ischemia (Krucoff, Croll et al. 1993).

However, because the ST segment is sensitive to many conditions besides ischemia, ST

changes are often the most difficult to interpret (Surawicz, Orr, Hermiller, Bell, & Pinto,

1997). Low specificity is the major limitation of continuous ST segment monitoring for

ischemia detection. False positive ischemic alarms are computer identified ST segment

deviations, which are greater than the alarm thresholds that are not due to myocardial

ischemia.

In Chapter 3, we describe the frequency and type of false positive alarms

*ams continuous 12-lead ST segment monitoring in the cardiac care unit.

The 12-lead ECG in this study was derived from modified vectorcardiographic (VCG)

leads using the EASI lead system (Zymed Medical Instrumentation, Camarillo, CA.).

Whenever possible, initial ECGs were recorded and stored in the supine, and the right

and left-lying positions. Potential ischemic events were then compared with these

positional ECGs to ensure that observed ST segment deviations were due to ischemia

rather than to a change in body position. A false positive was defined as an episode of

º--
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ST segment deviation of 100pa V or more in one or more leads lasting more than a minute,

as measured by the computer which was determined by the investigator not to represent

ischemia. Appropriate descriptive statistics and chi square analysis were applied to the

data.

Of the 292 patients monitored, 117 (40%) patients had one or more false positive

ST event (total of 506 events) during an average of 41 hours of continuous ST segment

monitoring. Body positional change was identified as the most frequent cause (33%) of

ST segment deviation producing a false positive ischemic alarm; other causes included

26% due to a sudden increase in QRS complex/ST segment voltage, 19% due to transient

arrhythmias or pacing, 16% due to a heart rate change in steeply sloped ST segment

contours, 5% due to a noisy signal and 1% due to lead misplacement (Drew, Wung et al.

1998). However, because the primary aim of this study was not to determine the

frequency of positional ECGs, the investigators did not systematically collect positional

tracings for all subjects. Of note, the 26% due to a sudden increase in QRS/ST voltage

may have been positional in many cases. As a result, positional changes were likely to be

underreported in this study. Thus, positional ST events may be even more prevalent in

clinical practice.

Because patients in intensive care units are critically ill, it is not unusual to see

ECG alterations detected by continuous monitoring that warrant aggressive intervention.

Due to the heightened awareness of the serious negative impact of undetected ischemia

and its relationship to poor outcomes, there are improved pharmacological and

mechanical medical interventions now available that allow clinicians to quickly and

aggressively treat ischemia. In Chapter 4, we report the clinical consequences of ST

**tºº
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segment changes caused by body position mimicking transient myocardial ischemia. We

describe a case in which an acute ST segment change, later identified as a change in body

position, is erroneously interpreted as an acute ischemic event that led to over treatment

and treatment-related complications.

Body position effects on the ECG mimic ischemic changes rather than the

arrhythmic alterations seen in the ECG. The reason for this is that arrhythmias generally

alter time intervals on the ECG: whereas, ischemia and body position changes alter

amplitude measurements. In Chapter 5, we review factors to consider when analyzing

the 12-lead ECG with a particular focus on those factors that can lead to misdiagnosis of

acute myocardial infarction. A review of physiological, technical, and

pathophysiological factors that influence ECG waveforms indicates that most factors do

not interfere with an accurate diagnosis of myocardial ischemia. Those that pose the

most risk of misdiagnosis include early repolarization, a left ventricular hypertrophy

“strain” pattern, acute pericarditis, digitalis therapy, inconsistent electrode placement, a

noisy signal from inadequate skin preparation, and body position changes. Often,

clinicians can distinguish these factors from ischemic events by noting that they persist

over a longer period of time than the minutes or hours of ST segment changes in patients

with acute coronary syndromes.

The efficacy of two strategies to detect the body position changes most often

encountered in acute coronary syndrome patients during 12-lead ECG monitoring are

compared in Chapter 6.
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Conclusion

Unlike the ECG abnormalities of myocardial infarction, transient ischemic

changes often disappear when the myocardial supply to demand ratio returns to baseline.

This suggests that the myocardial cells have been reversibly ischemic and have not totally

sustained permanent injury. Thus, it is critical for clinicians to accurately detect ischemic

changes on the bedside monitor and to provide prompt interventions to prevent

myocardial cell death that leads to adverse outcomes (Gottlieb, Weisfeldt et al. 1986;

Langer, Freeman et al. 1989). Continuous 12-lead ST segment monitoring is valuable to

maximize detection of often-silent transient ischemia. However because ST segments

may be altered by many different conditions, it is imperative that clinicians not rely

solely on ST alarms. Thus, accurate ST segment interpretation requires clinical expertise

in electrocardiography, understanding of myocardial physiology, and knowledge of the

benefits and limitations of the ST segment monitor. Understanding the role of body

position as a major source of false positive alarms is critical to accurate ECG monitoring

for ischemia.
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Chapter 2

Body position effects on the ECG:
Implication for ischemia monitoring.

º : º º i

M.G. Adams & B.J. Drew º • *.

Journal of Electrocardiology 1997 Oct, 30(4):285-91 l
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Abstract

Rotation of the heart in relation to surface electrocardiographic (ECG) electrodes when a

patient turns to one side has been reported to cause ST-segment shifts, triggering false

alarms with continuous ST-segment monitoring. We prospectively analyzed ST-segment

and QRS complex changes in both standard and derived ECGs in 40 subjects (18 with

heart disease and 22 healthy) in supine, right- and left-lying positions. Of the 40 subjects,

6 (4 cardiac, 2 healthy) developed positional ST deviations of 1 mm or more on the

standard ECG. In the derived method, five of the same six subjects showed ST-segment

deviation of which most occurred in the left-lying position. Positional ST changes were

most frequent for males and for cardiac patients (33%). Changes in QRS complex

morphology were common on the standard (28 of 40, 70%), and less frequent on the

derived ECG (17 of 40, 43%), occurring in both healthy and cardiac subjects. QRS axis

changes occurred only in the standard ECG. It was concluded that (1) right and left side

lying positions frequently induce clinically significant ECG changes; (2) positional ST

segment deviation is less frequent than previously reported and is most likely to occur in

males with cardiac disease; and (3) the derived method is less prone to positional QRS

changes than the standard ECG. Key words: ECG, myocardial ischemia, ST-segments,

derived ECG, monitoring, body position.
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Historically, the 12-lead electrocardiogram (ECG) has been recorded with the
>>º,

patient maintained in a resting supine position; however, in the last decade continuous

12-lead ST-segment monitoring has been increasingly used to detect transient myocardial TA,- **-* ,

ischemia. Because patients often assume a side-lying position during continuous *_Y

monitoring, it is important to determine how body position affects the ECG. a

Continuous ST-segment monitoring has been shown to offer early warning of

myocardial ischemia'. Currently, there are two types of computer-assisted multi-lead > 4 * *

ECG monitoring software for continuous prospective or on-line noninvasive ischemia º: tº
*

assessment. One provides continuous ST-segment analysis of the 12-lead ECG and the º zº.
other continuously displays the ECG as well as trend information of the QRS complex 2. –2

* * *

and ST-segment of the three vectorcardiographic leads”. Since current software uses the º
-

sº d
ST-segment and the QRS complex for monitoring ischemia, the effect of body position o

.*
º

º,
on both the ST and the QRS needs to be evaluated. º

º º

Although there are several ways to obtain a 12-lead ECG, a standard ECG using : º
º ! { 1,\{

10 electrodes is considered the accepted criterion. An alternative recently introduced by **
º

Dower et al. uses a simple five-electrode configuration to record modified s
vectorcardiographic leads, from which a 12-lead ECG can be derived". While the derived sº

ECG has been studied for arrhythmia analysis and ischemia detection” no data are ■ º
available regarding the vulnerability of the derived 12-lead ECG to body position. Since 9. It

-

the derived ECG uses half the number of electrodes of the standard ECG, it is possible ■ º

that the reduction in number of electrodes could minimize or exaggerate positional 2–

changes.

15



The purpose of this study was to describe QRS complex and ST-segment changes

in the right- and left-lying positions as compared with the supine position in subjects with

and without heart disease. A secondary aim was to compare the changes seen in the

standard versus the derived ECG.

Materials and Methods

Subject Characteristics

A convenience sample of 40 consenting subjects was enrolled at the University of

California, San Francisco Medical Center. Of the 40 subjects, 18 were hospitalized for

treatment of ischemic heart disease and 22 were healthy student volunteers with no

history of coronary heart disease. It was hypothesized that if ECG changes were truly

positional, they should occur in healthy individuals as well as in patients with heart

disease. The cardiac patients were of both sexes (50% women) with an average age of 68,

and a significant proportion had left ventricular hypertrophy (LVH) (33%) or

cardiomegaly (38%). The healthy subjects were predominantly women (86%), with an

average age of 33 and no evidence of LVH or cardiomegaly. The cardiac patients were

hemodynamically stable at the time the recordings were obtained and were without chest

pain or ST-segment abnormalities. Patients with bundle branch blocks or ventricular

pacemaker rhythms were excluded from the analysis. The subjects served as their own

controls for this prospective and comparative study.

Recording Techniques

All 12-lead ECG tracings were recorded with either an ELI 100 ST monitor

(Mortara, Milwaukee, WI) or a Pagewriter XLI Cardiograph, model #M1700A (Hewlett

Packard, McMinville, OR). Both were programmed for a paper speed of 25 mm/s and a

16



low-frequency limit of 0.05 Hz, as recommended by the American Heart Association to

prevent ST-segment distortion". Both electrocardiographs provided the 12-lead tracings

with a beat-to-beat ECG recording, and neither was in an ST-segment monitoring mode.

In contrast to the traditional 12-lead ECG, with the limb lead electrodes placed on the

distal limbs, in this study we obtained standard ECG (10 electrodes) using the Mason

Likar configuration”, with limb electrodes placed on the torso. The rationale for this

decision was that the Mason-Likar electrode configuration is used for continuous 12-lead ***
wº -

ECG monitoring in clinical practice. The derived-method ECG (five electrodes) was º:
obtained by using a converter (Totemite, Inc., Point Roberts, WA), which transformed º

-

the electrical signals from the patient to 10 signals similar to those obtained directly with :

the standard ECG configuration". Electrode placements used to record the standard and !---
-

derived methods are shown in Figure 1. º
Both the standard and the derived ECG recordings were simultaneously obtained :

º

with the subject first in resting supine position, then in a right-lying position, and finally :
in a left-lying position. In both of the latter positions, the subject assumed a comfortable º
side-lying position. If the heart rate changed temporarily as a result of turning, the ECGs

were not recorded until the heart rate returned to the resting baseline rate (within fewer

than 10 beats of the resting rate). The six tracings were obtained within 10 minutes, and

were all collected by the same investigator.

ECG Analysis

All QRS complexes and ST-segments were analyzed by the same investigator in

all 12 ECG leads, in all three positions, and in both the standard and derived methods.

–2
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Measurement of Positional QRS Changes. Positional QRS changes were evaluated

visually with use of rating scale. When comparing QRS complexes recorded in a side

lying position with those recorded in the supine position, complexes were rated identical

if they exhibited both the same predominant QRS polarity (positive or negative) and the

same sequence and relative size of Q, R, and S waves. If these two criteria were not met,

QRS complexes were rated different. If QRS morphology was different in at least one

lead, the ECG was rated as having a positional QRS change. For all ECGs, the frontal

plane QRS axis was used to determine the deviation in QRS axis associated with body

positional changes.

Measurement of Positional ST-Segment Changes. When comparing ST-segments

recorded in a side-lying position with those recorded in the supine position, a positional

change was defined as a deviation (elevation or depression) of at least 1 mm in at least

one lead measured at J-F80 ms.

Statistical Analysis

Demographic data were analyzed with frequency lists and measures of central tendency.

Statistically, differences in QRS axis changes were evaluated by student's t-test. The

proportion of subjects demonstrating at least a 1-mm ST-segment deviation in one or

more leads with turning to one side was calculated. Person's chi-square analysis was used

to compare categorical variables with position change (e.g., QRS identical vs different).

Alpha was 3.05. Variables hypothesized to affect positional ECG changes were also

analyzed, including LVH, heart size, and body surface area. Standard ECG voltage

>

ºsº*:ºº*:º *ººº
* •

º
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criteria were used to determine LVH. Normal versus enlarged size was determined from

chest radiographs (cardiac subjects only). Body surface area in square meters was

calculated from each subject's height in centimeters and weight in kilograms according to

a standard formula".

Results

QRS Positional Changes

In 28 of the 40 subjects (70%), the standard ECG recorded a different QRS in at

least one lead in either the right- or left-lying position as compared with the supine

position (Table 1). In contrast, the derived ECG detected positional QRS changes in

either side-lying position in 17 subjects (43%). This difference in the frequency of

detecting positional QRS changes between the two ECG methods was statistically

significant (P<.01).

For both ECG methods, positional QRS changes occurred with similar frequency

in the right and left position. As Table 1 shows, 45% of subjects had QRS changes in the

standard ECG recorded in the right-lying position, compared with 48% in the left-lying

position. In the derived ECG, 28% of the subjects had QRS changes in the right-lying

position as compared with 23% in the left-lying position. These differences were not

significant.

Table 2 shows that the subjects that exhibited positional QRS changes in the

standard ECG did not differ from that without QRS changes with respect to sex, coronary

disease, LVH, cardiomegaly, or body surface area. This analysis yielded virtually
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identical results when conducted with the position-sensitive and insensitive ECGs

obtained by the derived method (data not shown).

In the standard ECGs showing positional QRS changes, an average of 1.8 leads

was affected, with a range of 1-2. The leads that most frequently recorded different QRS

complexes with a change in body position were the precordial leads. In the derived ECGs

showing positional QRS changes, and average of 2.2 leads was affected with a range of

1-4. As in the standard ECG, the most commonly affected leads were the precordial

leads.

The mean QRS axis prior to turning was not statistically different between the

standard and derived ECGs (83 vs 74). A mean rightward QRS axis shift of 15 was

observed between the supine and right-lying positions in the standard ECG of the 40

subjects (Table 3). A similar mean rightward axis shift of 12 was also observed between

the supine and left-lying positions. Both these positional axis changes were statistically

significant (P<.01). In contrast, the mean QRS axis shifts associated with turning to the

right and left sides were leftward and of small (nonsignificant) magnitude in the derived

ECG.

Statistically significant positional shifts in QRS axis for the standard ECG were

also found in both cardiac patients and healthy subjects (Table 4). Table 4 further shows

that the magnitudes of the QRS axis shifts between the supine and both side-lying

positions were significantly greater in cardiac patients than in healthy subjects (P<.05).

In all compared groups (cardiac, healthy, or all subjects), mean QRS axis shifts

associated with turning to either the right or left side were not statistically different. A

comparison of mean axis shift associated with turning between subjects with or without
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positional QRS changes yielded no significant difference (data not shown). This result

was consistent with the additional observation that QRS positional changes

predominantly affected precordial leads rather than limb leads, from which the QRS axis

is determined.

ST-Segment Positional Changes

Of the 40 subjects, 6 (15%) developed positional ST-segment deviation of at least

1 mm in at least one lead in the standard ECG, as compared with 5 subjects (13%) with

ST-segment deviation in the derived ECG (Table 5). This difference between the two

ECG methods was not statistically significant. Importantly, the five derived ECGs

showing a positional change were from the same five of the six subjects who exhibited

positional ST-segment deviation changes with the standard ECG. In addition, all six

patients who had significant ST-segment with body positioning exhibited QRS changes.

As shown in Table 5, in the standard ECG, positional ST-segment changes were

observed in either one or two leads (average, 1.7). In comparison, positional ST changes

in the derived ECG were always seen in more than one lead (average, 2.6). In both

methods, all cases of ST-segment demon involved the precordial leads V2 through V5.

Remarkably, all but one (>80%) of the ST positional changes observed in the standard

and derived methods occurred with the subject lying on the left side. A representative

tracing of positional ST-segment changes with the derived method is shown in Figure 2.

The subjects demonstrating positional ST-segment changes in the standard ECG differed

from those without ST segment changes only with respect to sex (Table 6). A majority
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(66%) of ST-segment changes occurred in men (P< .05), and half of the individuals with

ST changes were men with cardiovascular disease.

Discussion

Overall, there has been limited work examining the effects of body position on the

ECG. Electrical heart vector changes in relation to body position were first described in

1913 by Einthoven et al.". Using limb leads, they demonstrated that body position *** * *
***

influenced the heart's position, which, in turn, changed the electrical axis. In 1985, º •

Feldman et al., using two-dimensional echocardiography, confirmed that a change from

the supine to the left side-lying position moved the left ventricle closer to the lateral chest ** *

wall, which produced significant R wave amplitude changes in leads V5 and V6”. More

recently, Aberg et al. reported that turning to one side caused frequent ST segment shifts,

triggering false alarms with continuous ST-segment monitoring” . Taken together, these

finding suggest that changes in body position can alter the ECG. Unfortunately, prior

investigations have been limited to small sample sized of mostly healthy men and have **

rarely involved analyzing the complete 12-lead ECG'+!?.

This study indicates that QRS changes associated with ums to a right- or left

lying position are common and equally frequent. Interestingly, the frequency of

positional QRS changes is significantly higher in the standard ECG than in the derived

ECG (70% vs 43%). This suggests that fewer electrodes do not magnify QRS changes

and may even lessen positional QRS changes. Given the high occurrence of QRS

positional changes in the standard ECG, techniques using QRS changes to detect
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ischemia may be more prone to false positives due to body rotation than other methods

relying on ST-segment changes, which are less frequent.

On turning to both side-lying positions, significant rightward shifts of comparable

magnitude in the QRS axis were observed in the standard ECG but not in the derived

ECG. This finding held true for both cardiac and healthy subjects. Importantly, the

positional axis shifts observed in the standard ECGs of cardiac patients were of

significantly greater magnitude than in those of healthy subjects. These findings further ****
**

underscore the reduced sensitivity of the derived QRS complex to positioning of the º
patients' body.

Our results further indicate that ST-segment changes on turning to the side are

less common than QRS complex changes, occurring in 9% of healthy subjects and in

22% of cardiac patients studied. In contrast to positional QRS changes, the occurrence of

ST changes in the derived ECG was not significantly lower than in the standard ECG.

This frequency of ST-segment positional deviation among cardiac patients is clinically

important, because these changes mimic ischemia and are likely to trigger the ST

segment monitor alarm (and also the QRS alarm, since QRS changes always

accompanied positional ST deviations). In addition, the leads considered most sensitive

for recording ischemia related to the left anterior descending or circumflex coronary

arteries, namely the precordial leads V2 and V,”, are also the leads that recorded

positional ST-segment changes. Furthermore, a statistically significant preponderance of

men was found among subjects with ST-segment deviation, one-third of men with

cardiac disease showing positional ST changes. Overall, these qualitative and statistical

considerations call for the clinician to be aware of ST changes due to body position.
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The individuals exhibiting QRS changes with body position showed a tendency to

have coronary disease, LVH, and cardiomegaly, although not to a significant level in our

study. The observed tendency for cardiac patients to have a higher frequency of ST

deviation with body rotation was also not significant considering that only six subjects

showed ST changes. An attempt to reexamine these clinically important tendencies, as

well as to confirm the other findings, should be made in future studies involving a

substantially larger sample. Besides the limited sample size of this prospective study, it º

may also be argued that manual measurements of ST-segment deviation might introduce º

further limitation by being less consistent than computer-assisted determinations, as

computers, unlike humans, can detect ST deviations to a resolution of 10 mV. However, -

recent research in our laboratory has shown that manual measurements do correlate

closely with computer-generated measurements”. Because this same study further

suggested that manual measurements may occasionally miss subtle deviations detectable

by the computer, it would nevertheless be helpful to confirm our findings using

computer-assisted ECG analysis techniques. º

Ideally, continuous monitoring systems should have the ability to detect the

possibility of, if not to identify, positional 12-lead ECG deviations. Prerecorded ECGs of

the patient in supine and side-lying positions prior to continuous monitoring could be

used as templates for systematic comparison during QRS and ST deviations in order to

detect positional changes. Another helpful improvement in monitoring equipment might

be the incorporation of a sensor of body rotation so that the clinician could be informed

of the patient's position during the deviation. If the change occurred in a side-lying

position, it would then be practical to reevaluate the patient's ECG in a stable supine
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position, because we observed that positional ceased upon return to the Supine position.

Statistical information, such as the large preponderance of ST changes in the left-lying

position, could be useful to the clinician, who ultimately will be responsible for assessing

whether a given ECG deviation constitutes a false positive attributable to a change in

body position. In this regard, the finding that QRS changes accompany positional ST

changes should prove valuable in indicating that a positional effect may be disregarded in

the absence of a QRS change. >''
Conclusion º:

s

This study demonstrates that rotation of the body induces clinically significant º
ECG changes, since they are common in both healthy and cardiac subjects. ST-segment º

positional changes occur most frequently in men with cardiac disease lying on their left º
º

side. The derived ECG does not record more ST deviation with position change than the º

standard ECG. Moreover, the derived ECG exhibits fewer positional QRS deviations than º
*

the standard ECG. The results of this study should be confirmed in an extensive

investigation to lay the ground work for the recognition of false positive ECG changes in

continuous monitoring by both the clinician and the computerized monitoring equipment.
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(A)

Fig. 1. (A) Electrode placement for the derived method (4). The lower sternal electrode is placed at the level of the fifth
intercostal space. Midaxillary electrodes are placed in the right and left axilla, respectively, at the same horizontal level
as the lower sternal electrode. The manubrium electrode is placed along the same vertical axis as the lower sternal elec
trode, and the ground electrode is placed anywhere. (B) Mason-Likar electrode placement for obtaining the standard
ECG (10).
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Fig. 2. Positional changes recorded with the derived ECG method in a 72-year-old man with unstable angina. The left
panel shows the six precordial V leads in the supine position, and the right panel shows the precordial leads in the left
lying position. QRS changes are evident in lead V., and are striking in lead Vs. ST deviation greater than 1 mm occurred
in leads V, V., and V3 when the individual turned to the left side. Lead V4 shows the greatest deviation, with an ST
measurement of +2.0 mm (J + 80) in the supine position, shifting to an ST measurement of 4.5 mm on the left side.

*** *

***

* -

-

-
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Table 1. Positional QRS Changes in All Subjects

Position Standard Derived P

Side vs supine 28 (70%) 17 (43%) < .01
Right vs supine 18 (45%) 11 (28%) < .01
Left vs supine 19 (48%) 9 (23%) < .01
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Table 2. Sample Characteristics with QRS Changes in
the Standard ECG

No
Positional Change Positional Change P

n 28 (70%) 12 (30%)
Male 9 (32%) 3 (25%) NS
CAD 14 (50%) 4 (33%) NS
LVH 5 (18%) 1 (8%) NS
Cardiomegaly 6 (21%) 1 (8%) NS
BSA 1.75 + 0.24 m2 . 1.72 + 0.19 m2 NS

CAD, coronary artery disease; LVH. left ventricular hypertro
phy; BSA. body surface area: NS, nonsignificant.
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Table 3. Mean QRS Axis Change from Supine for All
Subjects in Both ECG Methods

Standard
ECG

Degree of axis shift +15+ 28°
from supine to right (P< .01)

Degree of axis shift +12 + 20°
from supine to left (P< .01)

NS, nonsignificant.

Derived -Standard vs
ECG , Derived ECG

–2 + 19° Pº .01
(NS)
–1 + 12° P & .01
(NS)

30



****
º
***

Table 4. Mean QRS Axis Change for Cardiac and
Healthy Subjects in the Standard ECG * *

º

*".
Cardiac vs º

Cardiac Healthy Healthy

Degree of axis shift +28 + 38° +5 + 8° P & .01 º

from supine to right (P< .01) (P< .01) g

Degree of axis shift + 19 + 27° +6 + 7° P & .05
from supine to left (P< .01) (P<.01)
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Table 5. Positional ST-Segment Changes

Standard ECG Derived ECG

Position Leads 2 1 mm ST Position Leads 2 1 mm ST

Left V2, V4 Left
-

V2, V3. V4, Vs
Left V. V. Left

-
Vs, VA

Left V4 Left V2, V4, V;
Left V3, Vs Left Vs. V3
Left V2, V, No ST change
Right V2 Right V2, V3

* *
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Table 6. Sample Characteristics with ST-Segment
Changes in the Standard ECG

Positional No
Change Positional Change P

n 6 34
Men 4 (67%) 8 (24%) < .05
CAD 4 (67%) 14 (41%) NS
LVH O 6 (18%) Ns
Cardiomegaly 1 (17%) 6 (18%) ns
BSA 1.86 + 0.15 m2 1.72 + 0.23 m2 NS

CAD, coronary artery disease; LVH. left ventricular hypertro
phy; BSA, body surface area: NS, nonsignificant.

º:* -
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Abstract

Monitoring of the ST segment is a valuable tool for guiding clinical decision making and

evaluating anti-ischemia interventions in clinical trials; however, measurement issues

hamper its diagnostic accuracy. This study reports the frequency and type of false

positives and other measurement issues we have encountered during 12-lead ST-segment

monitoring of patients in a cardiac care unit. Of 292 patients, 117 (40%) had one or more

false positive events during an average of 41 hours of ST-segment monitoring, for a total * * *

of 506 false positive events. The 506 false positive events included 167 (36%) due to ** *

body positional change; 132 (26%) due to sudden increase of QRS complex/ST-segment

voltage; 96 (19%) due to transient arrhythmia or pacing; 80 (16%) due to heart rate

change in steeply sloped ST-segment contours; 26 (5%) due to a noisy signal; and 5 (1%)

due to lead misplacement. It is concluded that many conditions in addition to myocardial

ischemia can cause transient ST-segment deviation in patients with unstable coronary º

syndromes. Accurate ST-segment monitoring requires expertise in electrocardiogram

interpretation, an understanding of the patient's clinical situation, and knowledge of the

functions and limitations of the ST-segment monitoring system. Key Words: ST

segment, physiologic monitoring, myocardial ischemia, cardiac care units, coronary

artery disease.
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The amplitude of ST-segment deviation can be accurately measured in patients

admitted to acute care hospital units by means of using computer-assisted monitoring

techniques. However, the interpretation of whether transient ST-segment fluctuations

represent ischemia in a given patient is often challenging because (1) classic anginal

symptoms rarely accompany the episode; (2) absolute ST-segment deviation values are

meaningless unless related to QRS complex amplitudes and to the patient's baseline ST

segment values; (3) a number of conditions can reproduce repolarization abnormalities * * *
*

*mimicking ischemia; and (4) technical problems, such as change in lead placement, -

change in patient position, or a noisy signal, may obscure the diagnosis.

For ST-segment monitoring to become a valuable tool for guiding clinical

decision making and evaluating anti-ischemia interventions in clinical trials, these

measurement problems need to be addressed. The perfect test would be positive with

every episode of ischemia (100% sensitivity) and always negative in its absence (100%

specificity). Because an independent, nonelectrocardiographic standard for detecting

transient myocardial ischemia is not available in clinical settings, the sensitivity of ST

segment monitoring cannot be accurately assessed. However, it is possible to identify

nonischemic conditions causing transient ST-segment deviations that may result in

misinterpretation and a lower specificity of ST-segment monitoring.

The purpose of this report is to describe the frequency and type of false positives

we have encountered during a prospective clinical trial involving 12-lead ST-segment

monitoring of patients in a cardiac care unit (CCU).
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Materials and Methods

Sample and Setting

This study was part of a prospective clinical trial entitled Strategies for Cardiac

Ischemia Monitoring, funded by the National Institute of Nursing Research. This parent

study included all consenting patients admitted to the CCU of a major academic medical

center with acute myocardial infarction or unstable angina or after catheter-based

intervention (balloon angioplasty, stenting, atherectomy) over a 2-year period ending in

April, 1996. Patients with left bundle branch block or ventricle pacemakers were not

included in the study.

Instruments and Procedure

The 12-lead electrocardiogram (ECG) used in this study for ST-segment

monitoring was derived from modified vectorcardiographic leads, according to Dower

and associates' using the EASI lead system (Zymed Medical Instrumentation,

Camarillo, CA). Continuous 12-lead ST-segment monitoring was performed with a

Mortara ELI 100 ST monitor (Mortara Instrument, Milwaukee, WI). The Mortara ST

monitor is a portable, programmable, microprocessor-based device, which samples

electrical potentials from all 12 leads at 4-ms intervals over a 10-second period to identify

a noise-free median beat, from which ST-segment deviation relative to the PR segment is

measured to a minimum resolution of 10 p.V. The Mortara ST monitor stores all ECGs

with new ST-segment changes of at least 50 p.W in one lead. In addition, the monitor was

programmed to store a 12-lead ECG every 10 minutes throughout the monitoring period.
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At the end of the recording session, all stored ECGs were downloaded to a

personal computer with additional ST-segment analysis software (Mortara ST Review

Station, Milwaukee, WI). The ST-segment analysis software provided a method to delete

excessively noisy ECGs and to make precise quantitative ST-segment measurements in

microvolts for each of the 12 leads. Myocardial ischemia was defined as 100p W or more

of ST-segment deviation in one or more leads, measured at j + 80 ms and lasting more

than 1 minute'.
* * *

A possible threat to the validity of measuring ischemia during continuous º
º

monitoring is that the ST-segment level may change when a patient turns from a supine º

to a side-lying position. Therefore, whenever possible, initial ECGs were recorded and ;

stored in the supine and the right- and left-lying positions. Potential ischemic events were -*

****

then compared with these "positional" ECGs to ensure that observed ST-segment
º

deviations were due to ischemia rather than to a change in body position. º
*

Diagnosis of False Positives

A false positive was defined as an episode of ST-segment deviation of 100 HV or

more in one or more leads lasting more than 1 minute, as measured by the computer

which was determined by the investigators not to represent ischemia.

Statistical Analysis

Descriptive statistics (frequencies and proportions) were used to report the

number and type of false positive events Chi-square analysis was used to test whether

certain types of false positives were more frequently observed in men or women. A P

value <.05 was considered statistically significant.
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Results

Sample Characteristics

The sample included 292 CCU admissions of 256 patients. The sample

demographics included a mean age of 65 years (+14), 168 men (66%), and 88 women

(34%). Ethnicity included white, 57%; Asian, 22%; black, 11%; and Hispanic, 10%. Of

the 292 CCU admissions, 131 (45%) were for acute myocardial infarction and the

remaining 161 (55%) were for unstable angina, with or without a catheter-based coronary

intervention. The average duration of continuous 12-lead ST-segment monitoring was 41

+ 38 hours.

Frequency of Baseline ST-Segment Abnormalities in the Absence of Acute Ischemia

ST-segment monitoring was initiated in 159 patients who were not having an

acute ischemic event at the time of CCU admission. These were patients who were

admitted, not for acute myocardial infarction but rather for suspected unstable angina or

who had undergone a catheter-based intervention. Of these 159 patients without

ischemia, 100 (63%) exhibited ST-segment deviation of 100pa V or more in one or more

leads (average maximal ST-segment amplitude, 2.11 + 142 p.V). The reasons for these

baseline ST-segment abnormalities included (1) early repolarization/normal variant; (2)

right bundle branch block; (3) left intraventricular conduction delay; (4) left ventricular

hypertrophy (LVH) "strain" pattern; (5) digitalis effect; (6) rapid heart rate with T wave

rather than ST-segment measurement; and (7) nonspecific ST/T wave abnormalities.

Although these 159 patients had structural or functional cardiac abnormalities to

explain their ST-segment deviation on admission, it was often unclear, without a prior

ECG for comparison, whether some portion of the ST-segment deviation amplitude was
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also due to ischemia. One patient had multiple reasons for initial ST-segment deviation,

none of which were due to acute ischemia; however, the result was a total 12-lead ST

segment deviation score of 5,444 p.V (Fig. 1).

In these 159 patients with baseline ST-segment abnormalities, an episode of

ischemia occasionally produced pseudonormalization of the ST-segment. Figure 2 shows

an example of a patient with baseline ST-segment depression attributed to digitalis

therapy, who developed a normal-appearing, isoelectric ST-segment with early coronary

reocclusion following balloon angioplasty. It was not until striking ST-segment elevation

developed some minutes later that, in retrospect, the isoelectric ST-segments were

recognized as an early sign of ischemia. In a second example, shown in Figure 3,

pseudonormalization of the ST-segment occurred during catheter balloon inflation in a

patient who had an LVH strain pattern in the baseline state.

Frequency of False Positives *

Of the 292 patients, 117 (40%) had one or more false positive events during and

average of 41 hours of ST-segment monitoring, for a grand total of 506 false positive

events. There were also 68 patients (23%) who had a total of 219 true ischemic events.

The average maximal ST-segment amplitude for false ischemia (387 plv) was nearly

identical to the average maximal ST-segment amplitude for true ischemia (371 puV).

The causes of the 506 false positive events are shown in Table 1. The most

frequent cause (167 of 506 false positives, or 33%) was ST-segment deviation due to a

body positional change, which was diagnosed when the 12-lead ECG in question

displayed QRS complex and ST-segment changes matching ECGs initially recorded in

the right-lying or left-lying position (Fig. 4). For patients in whom initial positional ECGs
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were not documented, ST-segment deviation that was accompanied by a major change in

QRS complex morphology (eg, opposite R wave polarity in some leads) was defined as a

false positive due to body positional change. Because electrode locations were initially

marked with indelible ink and carefully monitored by research nurses, we were confident

that these QRS/ST changes were not due to altered electrode placement. Additional clues

to positional false positives were that the ST-segment changes often occurred at night

and, unlike transient ischemia, lasted for several hours at a time, presumably because * * *

patients were sleeping on their sides.

The second most frequent cause of false positives (132 of 506, or 26%) was a

sudden increase of QRS/ST voltage, which was defined as an unexplainable increase in

QRS and ST-segment deviation amplitude with no change in QRS width or morphology
- *

(Fig. 5). These changes were not due to an altered gain setting on the recorder, because
.

all Mortara ST monitors were programmed for a 10 mm/mV setting throughout the s

monitoring period. The increased voltage may have been due to body position changes in

some cases; however, in most cases, the cause was unexplainable and the patient was

asymptomatic.

The third most common cause of false positives (96 of 506, or 19%) was a

transient arrythmia or episode of ventricular pacing. Although patients with implanted

(permanent) pacemakers were excluded from this study, occasionally a patient developed

atrioventricular block requiring insertion of a temporary pacemaker. The other

arrhythmic causes of false positives included prolonged periods of ventricular bigeminy,

atrial flutter, intermittent bundle branch block, junctional rhythm with aberrant

ventricular conduction, and accelerated ventricular rhythm.
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The fourth most common cause of false positives (80 of 506, or 16%) was abrupt

changes in heart rate in patients with steeply sloping ST-segments. In some patients, an

increase in heart rate produced a different-looking ST-T wave morphology as the T wave

merged with an already elevated ST-segment to produce even greater ST-segment

elevation (Fig. 6). In other patients with steeply sloped ST-segment contours, a change in

heart rate produced altered ST-segment amplitude, although no ST-segment deviation

was evident. The altered amplitude occurred because the j + 80 ms measurement point * *

fell on a different portion of the sloping ST-segment (Fig. 7). º

An uncommon cause of false positives (5%) was ST-segment deviation due to a
º

noisy signal, which was diagnosed when some leads contained a noisy baseline but the

noise was not great enough to delete the entire 12-lead ECG. Unacceptably noisy were _º

not subject to misinterpretation, because they were deleted prior to analysis.
-

A final cause of false positives was ST-segment deviation due to lead

misplacement, which was judged to be the cause of erroneous ST-segment deviation

when one of the research nurses discovered inaccurate electrode positioning or lead wires

that had been inadvertently attached to the wrong electrodes. Because the research nurses

made regular rounds to check lead placement during the study, this problem was rare

(1%).

Sex differences were observed in several of these false positive categories. First,

body positional changes were a more common cause of false positives in women (48%)

than in men (28%) (P<.01). Likewise, a noisy signal was a more common cause of false

positives in women (12%) than in men (3%) (P<.0001). Finally, a sudden increase in



QRS/ST voltage was a more common cause of false positives in men (29%) than in

women (16%) (P<.01).

Discussion

Our findings indicate that many conditions in addition to myocardial ischemia

produce transient ST-segment deviation with 12-lead ST-segment monitoring of patients

admitted to a CCU with unstable coronary syndromes. Both false negative and false

positive diagnoses can result. For example, if a patient with LVH is admitted to the CCU * * *

with acute ischemia exhibiting pseudonormalization, the initial isoelectric ST-segment :
º

will be erroneously considered the patient's normal baseline level, especially if the

patient has silent ischemia. Later, when acute ischemia resolves and the patient's LVH :

pattern of ST-segment depression returns, an ST-segment alarm will be triggered, which s

st

will likely result in misinterpretation of the event as acute ischemia. In this example, the

initial admission misdiagnosis represents a false negative, and the second misdiagnosis !
*

represents a false positive.

We found that a substantial proportion of CCU patients (63%) had an initially

deviated ST-segment due to conditions other than acute ischemia, such as LVH, bundle

branch block, or digital therapy. Moreover, some of these patients have inaccurate

computer ST-segment amplitude measurements because of coarse atrial flutter waves,

which deviate the ST-segment, or because of inappropriate T wave measurement in a

patient with a tachycardia on admission. It is not uncommon, in our experience, for

patients to exhibit several conditions on CCU admission that obscure the true ST-segment

amplitude. The diagnostic dilemma in many of these situations is that conditions are

dynamic as the patient receives treatment or suffers further complications. For example, a
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patient may convert from atrial flutter to sinus rhythm, which removes flutter artifact

from ST-segment measurements and substantially decreases heart rate, which changes the

ST-segment measurement point. Needless to say, clinicians must understand these

dynamics, as well as how the changes will affect computer measurement.

A significant proportion (40%) of our patients had false positive ST-segment

monitor alarms. False positives could not be distinguished from true positives on the

basis of maximal ST-segment amplitudes, which averaged about 375 puV for both * * *

situations. Of these false positives, 94% were due to four causes: body positional º
º

changes; sudden, unexplained increases in QRS/ST voltage; transient arrhythmias or

pacing; and heart rate changes in patients with steeply sloping ST-segments. Table 2 i

summarizes conditions that are likely to cause false alarms or other measurement º

* *

problems with ST-segment monitoring, as well as the clinical, research, and engineering

implications related to solving these problems.

A change in body position was the most common cause of false alarms in our

study, accounting for one-third of the false positives. While the effect of body position

changes on ECG waveforms was recognized as early as 1950 by Einthoven et al.", it has

only recently, since the advent of continuous ST-segment monitoring, become an issue.

In the past, patients were always required to assume a supine position for recording

periodic 12-lead ECGs. However, 12-lead ST-segment monitoring of patients in acute

units may be performed continuously for days at a time, which means that ECGs will be

recorded in a variety of body positions. In our experience, the best method for reducing

false positive interpretations of ischemia due to body position changes is to document

initial ECGs in the supine and the right- and left-lying positions. We ask patients to
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assume their position of comfort on their sides, similar to the way they might lie during

sleep. Often, these initial positional ECGs show striking changes in QRS complex

polarity/morphology in the precordial leads, which can be used to eliminate false

positives due to positional changes.

Although positional recordings are routinely obtained for research using Holter

monitoring, few investigators using continuous 12-lead ST-segment monitoring

techniques report making positional ECGs a part of their research methods. As a result,

these studies are likely to report gross overestimates of silent ischemic events, especially

if ischemia is diagnosed by looking at computer ST-segment trends rather than by

analysis of the actual 12-lead tracings. Another solution to this problem would be to

design ST-segment monitoring systems that could detect when a patient changes body

position.

Another common cause of sudden ST-segment deviation in our study was a

transient increase in QRS/ST voltage for some unexplainable reason. According to

Childers', published reports on R wave amplitude during exercise testing or atrial pacing

cover every possibility, from having nothing to do with ischemia to being more

diagnostic of ischemia that ST-segment deviation itself. Early research on the cause of R

wave increases during exercise testing focused on the Brody hypothesis, which explained

that these increases were due to acute dilation of the left ventricle during ischemia with

increased intraventricular blood volume". More recently, Feldman et al. demonstrated

with echocardiographic techniques that a change from supine to left lateral position

moved the left ventricle closer to the lateral chest was and increased R wave voltage in

the left lateral leads. Therefore, it is possible that some of the sudden increases of QRS
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voltage observed in our study were due to the patient turning onto the left side. Because

these events were asymptomatic, and, unlike ischemia, often lasted for hours, we decided

not to count them as ischemic events. However, future research is required to sort out

whether these sudden voltage changes are due to ischemia, some other condition, or

multiple factors.

Transient arrhythmias with secondary repolarization abnormalities were also a

common cause of false positives. In the cases of prolonged ventricular bigeminy, the

computer occasionally selected the premature ventricular complex as the median beat for

analysis of ST-segment deviation. Onset of atrial flutter occasionally produced false

alarms, especially in leads II, III, and a VF, in which large sawtooth flutter waves were

evident in the ST-segment. Other rhythms with wide QRS complexes and secondary

ST/T wave changes also produced false positives, including the development of bundle

branch block, rhythms with aberrant ventricular conduction, accelerated ventricular

rhythm, and temporary ventricular pacing.

Because myocardial ischemia may provide the substrate for malignant ventricular

arrhythmias in this patient population, one could argue that arrhythmias should trigger an

ST-segment alarm. However, many of these arrhythmias occurred over and over again,

were not associated with ischemia, and did not require treatment. Thus, clinicians tended

to ignore alarms in these patients. We found that the only way to detect false positives

due to arrhythmias was to examine the actual ECG tracing rather than to rely solely on

computer graphic trends of ST-segment data to diagnose ischemia.

We also found that changes in heart rate may create a problem of inaccurate ST

segment measurement in patients with steeply sloping ST-segment contours, as might be
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seen with bundle branch block or an acute injury pattern. In some of these situations, the

ST-segment contour itself did not change, but the computer measurement point fell on a

different aspect of the ST-segment slope. In other situations, the actual ST-segment

contour changed as, for example, when increased heart rate caused the T wave to fuse

with the preceding ST-segment. To minimize false positives due to heart rate changes in

these patients, it may be advantageous to program the monitor to measure at the j+ 60 ms

point, rather than the j+ 80 ms. Another strategy might be for future ST-segment

monitoring systems to adjust the measurement point according to heart rate. :

Women in our study appeared to have more false positives due to body positional

changes or a noisy signal than did men. It is possible that movement of breasts in women

may cause some of these false positives. We also found the men had more false positives

due to sudden increases in QRS/ST voltage than did women. It is possible that greater

QRS voltage, more often observed in men than in women, exaggerates these sudden

voltage changes. However, these sex differences are difficult to interpret and need to be

confirmed in future prospective studies.

Limitations of the Study

Clinicians probably encounter more false alarms than we report here for several

reasons. First, we excluded patients with left bundle branch block and permanent

ventricular pacing rhythms. If these patients had been included, we would have found an

even greater proportion of patients with initial baseline ST-segment abnormalities than

the 63% we reported. Moreover, we would most likely have encountered more false

positives than we reported, especially false positives due to heart rate changes. A second

reason that the frequencies of false alarms cannot be generalized to clinical practice is
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that we observed a more rigorous protocol of skin preparation and quality control than

occurs in nonresearch settings. Moreover, use of the EASI lead configuration probably

produced less noise during recording. However, although the frequency of ST-segment

monitoring problems is probably higher in clinical practice than reported here, the

implications for practice that we have discussed are still relevant.

Conclusions

Accurate ST-segment monitoring requires expertise in ECG interpretation, an

understanding of the patient’s clinical situation, and knowledge of the functions and

limitations of the ST-segment monitoring system. Current ST-segment monitors do not

detect T wave abnormalities, which may be the only sign of ischemia in some patients.

ST-segment monitors also do not adjust the ST-segment measurement point for abrupt

changes in heart rate or sense when a patient develops an arrhythmia or turns onto the

side. Finally, ST-segment monitors do not take R wave amplitude into account when

measuring ST-segment amplitude. Further improvements in ST-segment monitors may

eliminate some of these limitations; however, accurate interpretation of ST-segment

deviation in patients admitted to the CCU will still require considerable clinical expertise.
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Fig. 1. Initial 12-lead ECG in a patient admitted to the cardiac care unit without acute ischemia at the time of admissio U s
The computer-assisted ST-segment measurements indicated extreme ST-segment deviation for a variety of reasons. sº
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aVRE

aVL

aVF

Fig. 2. Failure to diagnose ischemia in a timely fashion
due to pseudonormalization. Panel A shows baseline ST
segment abnormalities due to digitalis therapy in a
patient admitted to the coronary care unit following right
coronary artery balloon angioplasty. The patient developed
abrupt coronary artery reocclusion, unmistakably evident
in panel C, which shows obvious ST-segment elevations.
However, the patient began having chest pain minutes
earlier (panel B), which was considered benign because of
the normal-looking ECG without ST-segment deviation.

sº
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Fig. 3. Baseline ST-segment
deviation due to left ventric
ular hypertrophy prior to per
cutaneous transluminal cor
onary angioplasty (pre-PTCA,
left panel). During angioplasty
balloon inflation of the right
coronary artery (RCA occlu
sion, right panel), the patient
developed chest pain, and ST
segments in the inferior leads
(II, III, and avr) were elevated
to produce a normal, isoelec
tric ST-segment (pseudonor
malization).
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9:05 pm 9:06 pm
Supine Left-lying

i
H

#
|

Fig. 4. ST-segment deviation due to body position change.
The left panel shows computer-measured ST-segments at
j + 80 ms in leads V-Vé while patient was in the supine
position. The right panel shows ST-segment elevation of as
much as 325 MW (lead Vs) as compared with the supine
state when the patient was turned to the left side. Subse
quent positional ST-segment deviations were not misdi
agnosed as ischemia because they exhibited the same
marked QRS polarity change in lead V, as was observed in
this initially recorded left side-lying position.
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10 mm/mV 10 mm/m V

Fig. 5. ST-segment deviation due to increased QRS/ST
voltage. Computer measurements of ST-segment depres
sion in leads V-Vs are shown before (left panel) and
during (right panel) a sudden increase in QRS voltage. In
both tracings, the gain setting on the ST-segment monitor
was unchanged at 10 mm/mV.
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HR = 70 bpm HR = 100 bpm
J - 80 J & 8

-—o-T—- -—o-T—-
Fig. 6. ST-segment changes due to heart rate changes in
a steeply sloping ST-segment complex. The left panel
shows a QRS complex in lead VI of a patient with left
bundle branch block, showing the expected secondary
repolarization abnormalities, measuring 200 p.V. When
the patient's heart rate increased from 70 to 100 beats!
min, the QT interval shortened and the T wave fused
with the ST-segment, changing the ST-segment contour.
The j + 80 ms measurement point now fell closer to the
apex of the T wave, measuring 400 mV.
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HR = 91 bpm HR = 105 bpm

Fig. 7. False ST-segment monitor alarms caused by heart
rate changes in a stable patient with right bundle branch
block. Computer measurements of ST-segment depres
sion in leads V-V, at a heart rate of 91 beats/min are
shown in the left panel. Although no greater ST-segment
depression appeared to be present in the same leads in
the right panel, computer measurements indicated as
much as 165 p.V (lead V2) more ST-segment depression.
Closer analysis confirmed that the greater ST-segment
depression resulted from an increase in heart rate (105
beats/min), which caused the j + 80 ms measurement point
to fall closer to the nadir of the down-sloping ST/T wave.
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Table 1. Causes of ST-Segment Deviations in 506 False Positives

Body positional change
Sudden QRS/ST voltage increase
Arrhythmia/temporary pacing
Heart rate change in steeply sloped

ST-segment contours
Noisy signal
Lead misplacement

167

132
96

80
26

5

33%

26%
19%

16%
5%
1%
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Table 2. Measurement Issues With ST-Segment Monitoring
SolutionCondition Resultant Problem

1. Baseline ST-segment (a) Failure to detect ischemia showing
abnormalities unrelated to pseudonormalization (false negative )

Clinical implications: Educate clinicians to pay more
attention to ST-segment trends than to absolute
ST-segment values

Research implications: Use patient's baseline
ST-segment value as reference for quantifying
ST-segment amplitude rather than the isoelectric
line

Clinical/research implications: Document initial
tracings in supine and right- and left-lying positions
for later comparison

Engineering implications: Design ST-segment
monitors that detect changes in body position

Clinical/research implications: Measure ST-segment
amplitude relative to QRS. Do not exclude the
possibility of ischemia

Engineering implications: Design ST-segment
monitors that correct ST-segment deviation for QRS
voltage

Clinical/research implications: Analyze actual ECG
in question rather than relying solely on
ST-segment trend data. Set measurement point
at j + 60 ms rather than j + 80 ms

Engineering implications: Design ST-segment monitors
that adjust measurement point to heart rate

Clinical/research implications: Analyze actual alarm
condition ECG to confirm presence of an
arrhythmia rather than relying solely on ST-segment

trends to diagnose ischemia
Engineering implications: Design ST-segment moni

tors that detect arrhythmias and exclude
arrhythmia beats from ST-segment analysis

Clinical/research implications: Use thorough skin
preparation and place electrodes on torso rather
than limbs

Clinical/research implications: Mark electrode
locations. Do not disconnect patient from the ST
monitor if at all possible (eg. when patient leaves
unit for diagnostic test)

ischemia (eg. LVH, BBB)

(b) Misdiagnosis of ischemia when ST
segment level returns to prior deviated
baseline state (false positive)

from supine to side-lying side-lying position
position

increases in QRS/ST which is probably a false alarm
voltage

(b) ST-segment deviation amplitude is
incorrect during periods of altered voltage

with coarse flutter waves

. ST-segment level changes False alarm triggered when patient assumes a

. Patient has periodic sudden (a) Alarm triggered with voltage change,

. Patient has a steeply False alarm triggered with heart rate
sloping ST segment changes
(eg. acute injury or
BBB pattern)

. Patient has transient False alarm triggered with intermittent BBB,
arrhythmia lasting pacer rhythm, ventricular bigeminy,
> 1 min accelerated ventricular rhythm, atrial flutter

. Noisy signal Excessive number of false alarms causing
clinicians to ignore or silence alarms

changed or when lead wires are
disconnected and reconnected

. Lead misplacement False alarms triggered when electrodes are

LVH, left ventricular hypertrophy; BBB, bundle branch block.
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Chapter 4

Clinical consequences of ST-segment changes caused
by body position mimicking transient myocardial

ischemia: Hazards of ST-segment monitoring?
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Abstract

A case is described in which an acute ST-segment change, presumably due to a change in

body position, is erroneously interpreted as an acute ischemic event. Positional ST

segment changes during continuous, multi-lead electrocardiographic (ECG) monitoring

are particularly challenging to distinguish from transient myocardial ischemia because 1)

positional ECG templates are often not feasible to record at the beginning of monitoring

in unstable patients; 2) positional ECG templates, if recorded, are often not readily

accessible to clinicians for later comparison; 3) body position cannot be correlated with

ST events because patients are out of direct view of nurses during the event or clinicians

review ST trends at a later time; 4) ST monitors typically do not store ECGs frequently

enough to be able to observe on the ST trend the gradual (“ramp-like”) onset of ST º

changes that is characteristic of transient ischemia; and 5) absence of chest pain with an

ST event does not help clinicians identify false alarms because it is well understood that

the majority of ischemic events are clinically silent. Key words: ST segments,

electrocardiography, myocardial ischemia, physiological monitoring, coronary care units.
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A 64-year-old man presents to the Emergency Department with recurrent episodes

of chest pain for 1 week. His past medical history is significant for a myocardial

infarction 7 years ago and coronary artery bypass graft surgery 4 years ago with grafts to

the left anterior descending artery (LAD), right coronary artery (RCA), and obtuse

marginal branch of the left circumflex artery. The patient also had femoral-popliteal

bypass surgery 2 years ago. His coronary risk factors include hypertension,

hypercholestrolemia, and diabetes. Current medication are atenolol, aspirin, and

pravastatin.

Hospital Day One
The patient is admitted to a telemetry unit with a diagnosis of unstable angina and

treated with aspirin, an increased dosage of beta blocker, and intravenous nitroglycerine,

heparin, and eptifibatide. He has no further episodes of chest pain. His troponin level is

normal at 0.6 ng/mL (abnormal P 1.5 ng/mL). He is enrolled in an ongoing prospective

study, which involves continuous 12-lead ST segment monitoring. Supine, right-lying,

and left-lying electrocardiograms (ECGs) are recorded as part of the study design and

stored for subsequent “offline” analysis (supine and left-lying ECGs are shown in Figures

1A and B). The patient's ECG shows sinus rhythm with a left ventricular conduction

delay.

Hospital Day Two
The patient’s troponin level peaks at 2.2 ng/mL, consistent with acute coronary

syndrome. He remains stable and pain free, and his ST-segment monitoring trends are

unremarkable.
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Hospital Day Three

The patient’s troponin level returns to near normal at 1.7 ng/mL. An ST monitor

alarm indicates ST-segment depression in leads V4 and Vs of greater than 100 p.V lasting

10 minutes and 40 seconds (Figure 1C). The patient is asleep during the episode with a

heart rate of 56 beats per minute. His body position is not noted and clinicians do not

have access to the positional ECGs. The ST event is interpreted as transient myocardial

ischemia. The patient is scheduled for a diagnostic cardiac catheterization with a possible

percutaneous transluminal coronary angioplasty (PTCA) or stent procedure.

Hospital Day Four

The patient’s troponin level is back to normal at 1.4 ng/mL. Cardiac

catheterization reveals patent left and right internal mammary artery grafts to the LAD

and RCA with mild stenosis of the saphenous vein graft to the obtuse marginal branch

and severe, diffuse stenosis of the native LAD. The patient’s ST event is attributed to

disease of the native LAD and multiple PTCA balloon inflations are performed in the

native vessel and two stents are placed. 12-lead ST segment monitoring is continued

throughout the PTCA/stent procedure with ECGs stored every 20 seconds. A pattern of

ST segment depression occurs with each balloon inflation (Figure 1D), with the maximal

ST depression observed in lead V3 (delta ST of -360 p.W compared to the pre-balloon

inflation baseline). The patient also has chest pain with each balloon inflation. The

pattern of ST changes observed during PTCA balloon inclusion, also known as the

patient's ST “fingerprint” is different from the spontaneous ST event the patient

experienced the day before (compare Figures 1C to 1D).
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After the PTCA/stent procedure, the patient’s ST amplitudes return to the baseline

levels (Figure 1E) and he is returned to the telemetry unit for post-intervention

monitoring. One hour later, an ST monitor alarm indicates ST segment changes

matching his ST “fingerprint” pattern recorded during PTCA balloon inflation (Figure

1F). A diagnosis of abrupt reocclusion at the LAD intervention site is presumed;

however, despite chest pain, the patient elected not to return to the cardiac catheterization

laboratory. The episode is treated medically. The ST changes last 1 hour and 50

minutes.

Hospital Day Five

The patient's troponin level is 29 ng/mL. His ST-segment monitoring data is

downloaded to a personal computer for retrospective analysis of the ST trends and

computer-assisted ST measurements of all stored ECGs. Analysis reveals that the

spontaneous ST event matches the ECG pattern when the patient assumes a left side

lying position (compare Figures 1B to 1C). Thus, in retrospect, this asymptomatic ST

event is presumed to be a false alarm due to the patient rolling over on his left side.

Hospital Day Six

me patient is discharged home with a diagnosis of non-Q wave myocardial

infarction. A summary of the patient’s troponin levels is shown in Figure 2.

Discussion

Although multilead ST-segment monitoring has proven effective in diagnosing

ongoing or recurrent myocardial ischemia in patients with acute coronary syndromes,

there continues to be a problem of false alarms which can potentially lead to over

treatment. In the case described here, a patient with unstable angina is stabilized

65



medically, but a ST alarm caused by a body position change triggers a series of clinical

decisions that might otherwise not have been made had there been no false alarm.

While one could argue that the ST event should have been recognized as a body

position change, the distinction between positional and ischemic ST changes is hampered

by a number of factors. First, clinicians rarely record positional ECGs at the initiation of

ST monitoring because patients admitted for acute coronary syndromes are often

unstable, requiring timely initiation of anti-thrombotic, anti-platelet, and other agents.

Moreover, forcing patients to lie in various positions when they have chest pain,

shortness of breath, and nausea is not viewed by the patient or the nurse as a reasonable

request. Second, even if positional ECGs are recorded, there is no convenient mechanism

for making the positional ECG templates readily available for later comparison. Third,

patients are generally out of the direct view of the clinicians, especially on a telemetry

unit where long hallways may separate the patient from the central nurses’ station. Thus,

when a ST alarm sounds or an event is identified retrospectively by review of ST trend

data, it is unclear what position the patient was in at the time of the event. Fourth, while

investigators interpreting ST monitoring data for large clinical trials define positional ST

changes by observing an abrupt ST trend change, rather than a gradual, “ramp-like” ST

change typical of transient myocardial ischemia, this distinction can be made only when

ECGs are stored at frequent intervals (e.g., every 20 seconds). However, in clinical

practice, ECGs are usually stored less frequently (e.g., every 10–20 minutes) to preserve

storage capacity. In these cases, the graphic ST trend does not have adequate resolution

to distinguish abrupt from gradual ST changes. Fifth, clinicians have been taught to pay

more attention to ECG ST-segment changes than anginal symptoms because the majority
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of transient myocardial ischemic events are clinically silent. Thus, the fact that a patient

does not have chest pain or anginal-equivalent symptoms during the ST event does not

help the clinician distinguish between positional and ischemic events.

While there are other causes of transient ST changes during continuous ECG

monitoring, such as an accelerated ventricular rhythm, nonsustained ventricular

tachycardia, intermittent ventricular pacing or bundle branch block, these conditions can

be readily distinguished from ischemia by observing the change in heart rate or QRS

morphology associated with the arrhythmia or conduction defect. What makes body

position changes particularly challenging to distinguish from ischemia are that the

transient ST changes may occur with little or no change in QRS morphology.

In a prior analysis', we found clinically significant ST changes (i.e., 2 100 p.V in

> 1 ECG leads) in 15% of individuals when they moved from a supine to a side-lying

position. Using echocardiography, Feldman, et al’ attributed positional R wave

amplitude changes to a movement and rotation of the heart relative to fixed electrodes on

the precordium. Whatever the cause of positional ECG changes, we found it to be the

most common cause of false ST alarms with continuous monitoring'
-

Future research and development of ST monitor software is required to solve the

false alarms caused by body position changes. Several possible avenues could be

explored, such as matching positional ECG templates with subsequent ST alarms or by

concomitant monitoring of body position via a specially designed sensor that would

indicate body position on the ECG tracing. However, until there are computer solutions

to the problem, clinicians should confirm ST segment changes at the time of a ST alarm
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by observing whether the changes resolve or are still present when the patient is placed in

the supine position.
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Introduction

Since the advent of bedside electrocardiographic (ECG) monitoring in the early

1960s, nurses in intensive care units, emergency rooms, operating rooms and telemetry

units have been responsible for ECG interpretation. In the 1970s and 1980s, the goals of

ECG monitoring and interpretation were to detect alterations in heart rate and rhythm.

Both heart rate and rhythm disorders alter the time intervals on the horizontal axis of the

ECG tracing and can usually be diagnosed with a single lead from a bedside monitor.

Moreover, because amplitude measurements, which alter the vertical axis on the ECG

tracing, are not required for such diagnoses, standard calibration is unnecessary. For

these reasons, learning the skill of standard 12-lead ECG interpretation has not previously

been a high priority or expectation for critical care nurses.

In the 1990s, multiple factors have led to a shift in emphasis from sole cardiac

rate and rhythm monitoring to both arrhythmia and ischemia monitoring. First, new anti

thrombotic and anti-platelet agents have been introduced to abolish acute ischemia in

patients with acute coronary syndromes (unstable angina and acute myocardial

infarction). Research with continuous ST segment monitoring indicates that the vast

majority of demº events are asymptomatic (Gottlieb, Weisfeldt et al. 1986; Gottlieb,

Weisfeldt et al. 1987; Krucoff, Satler et al. 1987; Nademanee, Intarachot et al. 1987;

Langer, Freeman et al. 1989; Larsson, Jonasson et al. 1992; Amanullah and Lindvall

1993). Therefore, ECG ischemia monitoring is more sensitive than patients’ symptoms

for assessing the efficacy of these new agents for abolishing ischemia. Second, new

percutaneous catheter interventions (e.g., stenting) have become the standard of care for

early reperfusion therapy in hospitals with cardiac catherization laboratories. As a result,
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ECG ischemia monitoring has been valuable in diagnosing the complication of abrupt

coronary artery re-occlusion following percutaneous catheter interventions (Krucoff,

Parente et al. 1988; Drew, Adams et al. 1996). Third, multiple studies have shown that

patients who have ischemic events in the hospital have worse short and long-term

outcomes (Gottlieb, Weisfeldt et al. 1986; Gottlieb, Weisfeldt et al. 1987; Krucoff, Satler

et al. 1987; Nademanee, Intarachot et al. 1987; Langer, Freeman et al. 1989; Larsson,

Jonasson et al. 1992; Amanullah and Lindvall 1993). Therefore, ECG ischemia

monitoring is useful in identifying a high risk group that may warrant more aggressive

management and follow-up.

Because myocardial ischemia can occur in any one of many discrete zones of the

myocardium, multiple ECG leads (ideally, 12 leads) are required for accurate detection.

(Drew, Adams et al. 1996; Klootwijk, Meijet al. 1997; Drew, Adams et al. 1999). In

addition, because acute ischemia is diagnosed by observing changes in ST segment

amplitude, standard calibration is necessary. Thus, it behooves critical care nurses,

especially those caring for patients with acute coronary syndromes, to become

knowledgeable in standard 12-lead ECG interpretation.

An important factor to consider when wn. the ECG for clinical decision-making

is that ECG waveforms are influenced by a number of normal physiological and technical

factors as well as pathophysiological factors. Thus, the purpose of this paper is to review

factors to consider when interpreting the 12-lead ECG with a particular focus on those

factors that can lead to misdiagnosis of acute myocardial ischemia.
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Physiological Effects on the ECG waveform

Physiological factors affecting the ECG waveform include sex, age, ethnicity,

height, weight, torso morphology, body mass index, and pregnancy (Figure 1). Such

characteristics account for the differences among individuals and produce inter-individual

variability in the ECG. However, this type of variability is not problematic for

continuous monitoring because clinicians do not compare ECGs between patients but

rather, they compare sequential ECGs in an individual patient. For example, if a patient

has an increased anterior-posterior chest diameter (“barrel” chest) due to emphysema

which produces lower amplitude ECG waveforms, it is reasonable to assume that every

ECG recorded in this patient will have the same alteration in amplitudes.

Effects of Gender. Women generally have smaller thoracic cavities, hearts, and

coronary vessel diameters than men (Knot, Lounsbury et al. 1999). They typically have

shorter PR intervals, QRS durations, and longer QT intervals in resting 12-lead ECGs. In

addition, they have smaller amplitudes of R, S, and T waves across the precordium

compared to men (MacFarlane and Lawrie 1989). Influences due to sex tend to be

important in young adulthood; yet diminish with age so that the differences are not

clinically significant. It is unclear whether sex differences exist during mºrn
ischemia. Two separate studies produced conflicting results regarding gender differences

in ST segment deviation during myocardial ischemia induced by coronary angioplasty

balloon inflation (Dellborg, Steg et al. 1995; Pelter, Adams et al. 1996). Dellborg and co

authors (1994) reported from the Thrombolysis Early in Acute Heart Attack Trial

(TEAHAT) that men had significantly more ST segment elevation than women with

acute infarction. Thus, the pattern of high amplitude ST segment elevation in patients
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with acute anterior MI (“tombstone” pattern) is rarely observed in women. However,

Pelter and colleagues (1996) found no gender differences when comparing ST segment

deviation during coronary angioplasty balloon inflation. Ischemic signs observed on the

ECG are often ambiguous in women and this may be due to (1) greater cardiac muscle

mass, (2) endogenous estrogens causing a digitalis-like effect producing ST segment

depression, (3) repolarization changes associated with mitral valve prolapse, which

occurs more frequently in women, (4) lower levels of hematocrit and total circulating red

cells, and, (5) attenuation of the ECG signal by breast tissue (Madias 1993; Dellborg,

Herlitz et al. 1994).

Effects of Aging. Both waveform amplitudes and intervals change with aging. In

general, the QRS voltage tends to increase up to the age of 30 and then decrease

thereafter (Simonson 1961). In the longitudinal Framingham study, ECGs recorded 40

years after the baseline measure from the same individual showed a decrease in the QRS

amplitude. In addition, while the QRS duration shortens, the PR interval increases

slightly with age (Simonson 1961). Olbrich & Woodford (1951) concluded that the ECG

in the elderly is influenced by the heart’s position; i.e., its rotation and position in relation

to the chest wall. With advancing years, it is hypothesized that heart position changes for

a number of reasons (Olbrich and Woodford 1951). First, the shape of the thorax is

altered because of the intervertebral disc shrinkage that may reduce one’s height by six to

eight centimeters. Second, the diaphragm takes a lower position in the thorax so that the

space where the heart lies actually increases with age. Third, the elasticity of lung tissue

decreases and atrophies with senile atrophic emphysema so that the heart has a greater

degree of freedom in its movement. Fourth, an increased tortuosity and elongation of the
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aorta with aging may affect heart position. Because of these age-related changes, the

heart may rotate differently because of its altered position in space.

Effects of Ethnicity. Nearly all ECG standards have been developed using North

American Caucasian populations and their applicability to other ethnic groups has now

been questioned (Rautaharju, Zhou et al. 1994). Early studies have shown significant

differences in baseline ECGs among various ethnicities (Littmann 1946; Simonson 1961;

Rautaharju, Zhou et al. 1994). For example, unlike their Caucasian counterparts, healthy

adults of African descent often show an early repolarization pattern of diffuse ST

segment elevation beginning at the J point (where the QRS complex ends and the ST

segment begins) (Rautaharju, Zhou et al. 1994). Japanese men and women show greater

precordial voltages compared to their Caucasian counterparts which needs to be

considered when diagnosing ventricular hypertrophy (Simonson 1961). In contrast,

young Chinese men and women have significantly lower precordial voltages than

Caucasian men and women (Macfarlane and Pahlm 1988; Chen, Chiang et al. 1989).

Although ethnic differences have been reported, ECG computer interpretation algorithms

do not make these distinctions.

Effects of Body Physique. Four anthropological measurements of body physique

influence the ECG: height, weight, torso morphology and body mass index. Rather than

simply measuring height and weight, body mass index may be a better measure of the

influence of obesity on the ECG (Frank, Colliver et al. 1986). Obesity is thought to cause

an upward shift of the diaphragm causing a more horizontal position of the heart, which

influences QRS axis. In addition, subcutaneous fat of the torso generally dampens ECG

amplitude, partly because of the higher resistance of fat tissue to the electrical impulse
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and partly because of the greater distance from the heart to the electrode (Rautaharju,

Zhou et al. 1992).

Abdominal distension caused by pregnancy shifts the heart horizontally. In a

well-designed study in which subjects served as their own controls, variations of the

mean electrical axis of P, QRS and T waves were evaluated in 52 healthy volunteers

during pregnancy and post-partum. The results showed a leftward axis deviation during

pregnancy that resolved five days post-partum (Mameli, Giraudi et al. 1989).

Summary of Physiological Influences on the ECG. Most physiological

influences do not pose a significant problem in diagnosing acute ischemia. One reason

for this is that these influences produce long-term ECG changes that would not be

mistaken for transient ischemic changes, which typically occur over a period of a few

minutes to several hours. Probably the physiologic factor with the greatest potential for

causing misdiagnosis is the early repolarization ST elevation pattern normally observed

in some African Americans that may be erroneously diagnosed as acute myocardial

ischemia. The clinical implication of this factor is that, when in doubt in evaluating such

an ECG pattern in an African American patient presenting to the emergency room with

chest pain, a prior ECG should be sought for comparison. If the same ST elevation

pattern is observed on prior ECGs, the changes are likely due to early repolarization

rather than acute ischemia.

Pathophysiological Effects on the ECG waveform

The pathophysiological influences on the ECG waveform are numerous and have

been well studied. Among them are arrhythmias, pacemakers, coronary artery disease,

electrolyte imbalances, ventricular hypertrophy, and some pharmacological influences.
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Ventricular arrhythmias significantly alter the ECG waveform because both

depolarization and repolarization are affected.

Effects of Pacing. Although atrial pacing does not alter the QRS or ST segment,

ventricular pacing dramatically alters the ECG waveform. Kozlowski et al. (1998),

explain that the expected morphology in patients with ventricular pacers is one of QRS

complex, and ST/T-wave discordance. Thus, diagnosing transient ischemia is difficult in

the case of ventricular paced rhythms because ST segment morphology is changed by the

altered intraventricular conduction. However, in certain instances, ST segment deviation

during acute ischemia is great enough to alter the normal baseline ventricular pacing

pattern to the point that detection of ischemia is possible.

Effects of Left Bundle Branch Block. The diagnosis of myocardial infarction in

the setting of left bundle branch block (LBBB) is one that most find difficult and that

many believe to be impossible. Subsequently, patients with LBBB and suspected acute

myocardial infarction receive suboptimal treatment (Gunnarsson, Eriksson et al. 2001).

Recently, to test ECG criteria for the diagnosis of acute infarction in the presence of

LBBB, researchers analyzed ECGs of patients enrolled in the GUSTO-1 (Global

Utilization of Streptokinase and Tissue Plasminogen Activator for Occluded Coronary

Arteries) trial. ECGs with LBBB and acute myocardial infarction were blindly compared

with the ECGs of control patients who had chronic coronary artery disease and LBBB.

They developed and validated a clinical prediction, which is based on simple ST-segment

changes that may help identify patients with acute myocardial infarction, who can then

receive appropriate treatment (Sgarbossa, Pinski et al. 1996).
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Effects of Coronary Artery Disease. Coronary artery disease affects the ST

segment amplitude either from transient ischemia or injury. These changes can range

from subtle deviations of the ST segment in a single lead on the magnitude of 100

microvolts (1 millimeter on standardized ECG tracings) to massive deviations involving

many leads as great as 1 millivolt (10 millimeters on standardized ECG tracings).

Effects of Electrolyte Abnormalities. Electrolyte imbalances are not infrequent

in hospitalized patients because they are observed in renal failure, starvation,

malabsorption syndromes, ketoacidosis, severe vomiting, diarrhea, burns, etc. Electrolyte

influences on the ECG can be classified into three categories: (1) effects on

depolarization (P wave & QRS complex), (2) effects on repolarization (ST segment and T

wave) and, (3) effects on impulse formation and conduction (sinus, atrio-ventricular, and

intraventricular blocks). The main electrolyte abnormalities that alter the ECG are

hypokalemia, hyperkalemia, hypocalcemia, and hypercalcemia (Table 1). Either

abnormally low or high serum potassium or calcium levels may produce marked ECG

abnormalities. Hypokalemia (K' levels <2.7 mEq) causes prolongation of the action

potential which may produce ST segment depression of about 0.05 millivolt (0.5

minus on standardized ECG tracings) or cause T wave inversion. Hyperkalemia (K'

levels 5.5 - 6.5 mEq) causes shortening of the action potential which produces tent

shaped, peaked T waves. ST segment depression may also be observed secondary to the

shortening of the plateau phase of the action potential. Hypercalcemia (Ca'' levels -6.2

mEq) shortens the plateau phase of the action potential causing the QT interval to shorten

to the degree that the ST segment may disappear altogether. Conversely, hypocalcemia
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(Ca' ' levels <3.6 mEq) increases the length of the plateau phase of the action potential - Sº

which lengthens the ST segment and QT interval (Surawicz 1974).

Effects of Ventricular Hypertrophy. Another pathological influence on the

ECG waveform is ventricular hypertrophy which results from chronic pressure overload

that enlarges myocardial muscle fibers (e.g., hypertension or aortic stenosis). This

increase in ventricular mass is often evident on the ECG as greater than normal QRS

amplitudes (MacFarlane and Lawrie 1989). In left ventricular hypertrophy, the ECG may

also exhibit a “strain pattern,” which involves ST segment depression in leads I, a VL, Vs

and V6.

Effects of Drugs. There are a plethora of pharmacological influences on the

ECG; however, there is one worth mentioning in this review because it may be

misdiagnosed as myocardial ischemia. Digitalis alters repolarization of the myocardium

resulting in a negative scooped or “bowl-like” ST segment and/or a flattened T wave. In

addition, the J point may be depressed.

Effects of Acute Pericarditis. Inflammation of the pericardial sac, which is

directly adjacent to the epicardial layer of the myocardium, causes global ST segment

elevation (Wagner 1994). In ammu. ST segment changes with myocardial injury are

limited to a few ECG leads that lie directly over the myocardium supplied by the

occluded coronary artery. Clinicians should suspect pericarditis when ST segment

elevation is observed in both “anterior” leads (i.e., precordial leads) and “inferior” leads

(i.e., leads II, III, and a VF) because it would be unlikely for epicardial injury to involve

two coronary artery domains at the same time.
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Effects of Hypothermia. ECG changes also develop at lower body temperatures

(< 36.6 °C). All ECG intervals may lengthen (PR, QRS & QT) along with a progressive

slowing of the sinus rate. The appearance of an enhanced J wave, also called the

“Osborn” wave or “camel-hump” sign is the most striking and classic ECG finding in

hypothermic patients (Osborn 1953). The camel-hump sign may also be present with

cerebral injuries and can mimic the ST segment elevation seen with Prinzmetal's angina

(coronary vasospasm) (Abbott and Cheitlin 1976). Studies have shown that during

angiography and surgical interventions, low temperatures may also produce ST segment

abnormalities (Harumi and Chen 1989).

Summary of Pathophysiological Effects. In summary, the pathophysiological

influences on the ECG that are most likely to be misdiagnosed as acute myocardial

ischemia include: (1) ST depression due to a left ventricular hypertrophy “strain” pattern,

(2) ST depression due to digitalis therapy, and (3) ST elevation due to acute pericarditis.

The first two conditions produce ST changes that persist for years, and the third condition

produces ST changes usually lasting days. Thus, all three conditions can be distinguished

from acute ischemia which typically lasts minutes to hours. Although ventricular

arrhythmias, ventricular pacing rhythms, and bundle branch blocks alter the ST segment

dramatically, all three can be distinguished from acute ischemia by noting a widened

QRS complex.

Technical Effects on the ECG waveform

Effects of a Noisy Signal. Non-physiological artifact potentials can distort the

ECG. An artifactual signal is anything on the ECG that is not caused by the electrical

currents generated by the heart. Artifacts include 60-cycle electrical interference, patient
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movement causing “baseline” wander, muscle tremor and loss of electrode contact

(Mirvis, Berson et al. 1989). Signal quality can be compromised by surrounding electrical

interferences common in hospital environments (Conover 1996). For example,

equipment plugged into an outlet but turned off still generates an electrical field called

low-frequency interference. Low-frequency noise cannot be filtered without

compromising the ECG complex because of its similarity to the signal frequency of the

ECG. In contrast, high-frequency noise can be effectively filtered out without

jeopardizing the ECG signal.

Involuntary movement such as shivering can generate myoelectrical signals that

interfere with the ECG waveform. Unfortunately, filtering techniques for eliminating

muscle tremor also dampen peak amplitudes of the QRS complex, the ST segment, and

the T wave. Therefore, efforts should be made to warm the patient, or make the patient

more comfortable rather than changing the filter setting. In addition, strategically

locating the limb leads away from main muscles (i.e., over bony areas) may reduce

muscle artifact.

Effects of Inadequate Skin Preparation. Because dead skin cells contain dirt

and oil, removing the epidermis’ outer layer with energetic skin preparation greatly
-

minimizes skin impedance and maximizes the cardiac signal. While such a careful skin

preparation may take a few more minutes, the extra time may drastically reduce the time

consuming hassle of false monitor alarms.

Effects of Calibration. Failing to calibrate an electrocardiograph significantly

compromises the accuracy of amplitude measurements, such as ST segment deviation

(Mirvis, Berson et al. 1989). The one millivolt = 10 millimeters standardization pulse at
(
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the beginning of an ECG allows the clinician to visually confirm a proper calibration

setting.

Effects of Inconsistent Electrode Positioning. The most important issue

regarding lead placement for ST segment monitoring is keeping electrodes in the same

location over time. Because diagnostic 12-lead ECG criteria are often lead specific,

wn ST segment changes cannot be interpreted accurately if electrode placement is

inconsistent over time. The recommended standard for ensuring consistent electrode

placement is marking the location of the electrodes with indelible ink so that the

electrodes that are removed for any reason can be replaced in their original location

(Drew, Adams et al. 1999). If electrode locations need to be changed due to skin

breakdown, wounds, defibrillator pads, etc., a notation on the 12-lead ECG should be

made so that the resultant ST segment changes are not mistaken for acute ischemia.

Effects of Body Position. The effect of changes in body position is a particularly

difficult problem for ST segment monitoring for the following reasons: (1) similar to

ischemia, it may cause transient ST segment changes; (2) like ischemia, it is not

associated with a wide, bizarre QRS complex that would normally indicate ventricular

arrhythmia, pacing, or bundle branch block; and, (3) it is not possible to identify a

patient’s position when analyzing continuously-monitored ECGs unless the nurse

happens to be in the patient’s room when the ECG in question is recorded. In the

recently published ST segment monitoring guideline 28, experts recommended that when

a ST alarm occurs and the patient is discovered in a non-supine position, another ECG

should be recorded in the patient position. If the ST segment changes that triggered the

alarm persist after the patient is supine, the event should be treated as a true alarm.
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Conclusions º
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A review of physiological, technical, and pathophysiological factors that º
º,

influence ECG waveforms indicates that most factors do not interfere with an accurate
7

/
diagnosis of myocardial ischemia. Those that pose the most risk of misdiagnosis include ~

º://c■ .

early repolarization, a left ventricular hypertrophy “strain” pattern, acute pericarditis, | R_Y- *

digitalis therapy, inconsistent electrode placement, a noisy signal from inadequate skin ) f

preparation, and body position changes. Often, clinicians can distinguish these factors

from ischemic events by noting that they persist over a longer period of time than the

minutes or hours of ST segment changes in patients with acute coronary syndromes.

An important leadership role for advanced practice nurses (clinical nurse

specialists and nurse practitioners) is to become knowledgeable in 12-lead ECG

interpretation and to share this knowledge with staff nurses caring for patients with acute

coronary syndromes.
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age
ethnicity
height
weight
body physique
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Pathophysiological
arrhythmias
pacemakers
left bundle branch blocks

coronary artery disease
electrolyte imbalance
ventricular hypertrophy
pharmacological agents
acute pericarditis
hypothermia

Horizontal axis indicates time
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H++++++++++

Vertical axis indicates amplitude

`A

Measurement of Time Intervals
Heart rate (tachycardias, bradycardias)
PR, QRS intervals (AV & bundle branch
blocks)

Technical
artifact/noise

skin preparation
calibration

electrode position
body position

Measurement of Amplitudes
P wave amplitude (atrial enlargement)
QRS amplitude (ventricular hypertrophy)
ST segment amplitude (ischemia)

QT intervals (pro-arrhythmic drug actions)
Q wave duration (myocardial infarction)

Figure 1. Factors affecting the electrocardiogram.
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Table 1: ECG Changes Related to Electrolyte Imbalances

Electrolyte Imbalance ECG Effects
Hypokalemia ST sagging & low amplitude T wave

Prominent U wave

Hyperkalemia Early: tent-like, peaked T waves
Late: absence of P waves; wide QRS complex

Hypocalcemia Long ST segment, normal T wave
Prolonged QT interval

Hypercalcemia Short ST segment
Short or normal QT interval
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Efficacy of Two Strategies to Detect Body Position
ST Segment Changes during Continuous 12-lead

Electrocardiographic Monitoring
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The major goals of electrocardiographic (ECG) monitoring are to detect and

document both cardiac arrhythmias and myocardial ischemia. Historically, the 12-lead

ECG has been recorded over a single 10-second period of time while the patient is

maintained in a resting supine position. The advancement of current technology now

makes it possible to continuously monitor patients with the 12-lead ECG at the bedside.

However, body positional change is identified as the most frequent cause of ST segment

deviation producing a false positive ischemic alarm (Drew, Wung et al. 1998). However,

prior research to develop 12-lead ECG interpretation criteria for myocardial ischemia has

only been conducted using ECG tracings obtained while the patient is in a resting supine

position.

The purpose of this study was to test the efficacy of two strategies to detect the

body positions or positional changes most often encountered in patients during

continuous ECG monitoring (supine, right-lying, left-lying, and sitting upright). The goal

of this research is to identity the best strategy for clinicians to use to distinguish

electrocardiographic ST segment changes due to body position changes from ST segment

changes due to transient myocardial ischemia. The two strategies included: (1) the use of

a biosensor device to identify the patient’s actual body position on the ECG and (2) the

identification of the patient's positional ECG "templates” and their subsequent application

to continuous ST segment monitoring for detection of positional changes.

The specific research questions were to determine (1) how often do telemetry

patients have false positive ST events due to body position changes during continuous

monitoring, (2) how sensitive are positional ECG templates recorded at the start of the
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monitoring period for identifying false positive ST events, and (3) how reliable are

positional ECG templates over time?

Methods

Sample & Setting

A prospective, descriptive, repeated measures design was used in which patients

served as their own control. The study subjects included patients hospitalized on a 45

bed telemetry unit at the University of California, San Francisco. Most patients were

transferred to this telemetry unit after the acute management of coronary syndromes such

as acute myocardial infarction, unstable angina, or following a catheter-based

intervention for coronary artery disease. Therefore, patients on this unit were no longer

unstable.

Approval was obtained from the Institution’s Committee for Human Research and

informed written consent was obtained from patients prior to enrollment in the study. We

were careful not to preferentially omit certain patients from the study such as the obese,

immobile, elderly, non-English speaking etc. by applying a ‘first come, first serve’

enrollment until all the biosensors were used for the day. This convenience sampling was

unlikely to introduce any bias systematic regarding ECG data because patients are

arbitrarily assigned to hospital rooms.

Inclusion Criteria: All stable patients on the telemetry unit who could safely

assume the four required positions were asked to participate in the study.

Exclusion Criteria: Patients with a left bundle branch block or ventricular pacing º

rhythm were excluded because these conditions distort the ST segment; thus making it

difficult to interpret the ST segment data. All patients were evaluated for signs and
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symptoms of acute myocardial ischemia including chest pain and altered hemodynamics;

any patient appearing to have acute ischemia was excluded.

Data Collection Methods

All 12-lead ECG tracings were initially recorded with the subject first in a resting

Supine position with the biosensor in place. A supine position was defined as the subject

lying on his back with his head on a pillow and the head of the bed fewer that 30 degrees.

After obtaining the reference supine 12-lead ECG, the remaining positions were

randomized, using a dice. This randomization was designed to eliminate any ECG

changes that would depend on the sequence of body position. The positions mimicked as

closely as possible the typical positions patients assume while in a hospital bed. A left

side-lying position was the subject lying comfortably on his left side with his left hand

under his pillow and his right arm lying at his right side. A right side-lying position was

the subject lying comfortably on his right side with his right hand under his pillow and

his left arm lying at his left side. A sitting upright position was the subject lying on his

back with the head of bed at 60 degrees. If heart rate changes occurred temporarily as a

result of repositioning, the ECG data was not recorded until the heart rate returned to the

resting baseline rate, within lo. of the resting rate. Waiting for the heart rate to return to

baseline prevented misinterpretation of the J-F60msec ST amplitude measurement point to

occur at a different point due to variation in heart rate.

After the initial positional templates were obtained, patients were consented to

continuous monitoring. If the patient consented then the electrodes and biosensor were

left in place as long as possible, e.g., hospital discharge. Before discontinuation of
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monitoring and with the patient’s consent, positional templates were repeated a second

time. The same expert research nurse obtained both sets of positional templates.

Instruments

The ELI 100 ST Monitor" (Mortara Inc., Milwaukee, WI) is a continuous 12-lead

ST segment electrocardiographic monitor. The ELI is a portable, programmable,

microprocessor-based device that samples electrical potentials simultaneously at 4

millisecond intervals from all 12-leads over a 10-second period to a resolution of 2.5

microvolts (plv). This electrocardiograph uses digital, simultaneous 12-lead technology

to determine the dominant cycle, and then it forms a representative QRS complex. The

60-cycle noise is reduced in these complexes which helps distinguish QRS onset and

offset, thus facilitating precise quantification of the ECG waveforms (Krucoff, Wagner et

al. 1990). ST segment deviation relative to the PR segment is measured to a minimum

resolution of 10 puV. The monitor stores all ECGs with new ST segment changes of at

least 50 puV in one lead. In addition, the monitor was programmed to automatically store

an ECG every one minute. The electrocardiograph was configured with a filter setting of

0.05 Hertz, and recordings were printed with a standard calibration setting of one

millivolt (mV) = 1000 microvolts (pl.V), and a paper speed of 25 millimeters

(mm)/second.

The ST segment numerical values were displayed with a graphic trend line over

time. The electrocardiograph verified its automated selection of the QRS complex

baseline (PR segment), end of the QRS complex (J point) and time during ST segment

shift for offset measurement (60 seconds) with tick marks on all tracings. A

computerized ST segment numerical value was determined at the specific measurement
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point of J point#60msec in reference to the PR segment. At the end of the monitoring

session, all stored ECGs were downloaded to a personal computer with additional ST

segment analysis software (Mortara ST Review Station", Milwaukee, WI). The ST

segment analysis software provided a method to delete excessively noisy ECGs and to

make precise quantitative ST segment measurements in microvolts for each of the 12

leads.

Biosensor Specifications

Using the basic technology currently applied in sleep research labs, a biosensor was

designed for computer based systems and is compatible with most electrocardiographs

(Inovise, Inc.", Newberg, OR). It recorded four primary positions (1) supine, (2) right

side lying, (3) left-side lying and (4) sitting upright. The sensor was small (half dollar

size) and light (fewer than 4 ounces) and easily mounted onto an electrode. We chose to

use lead V2 because ST changes in lead V2 are almost always observed in V3 and because

its anatomical location in relation to detection of body rotation. We eliminated V1 as an

option because we wanted V1 to be free of tick marks due to its importance in arrhythmia

interpretation. In the case of female patients with substantial breast tissue, the V2

electrode site the biosensor would lie on such a plane as to indicate that the patient was

side lying. Thus a remote lead attached to the biosensor, allows for the sensor to lie on

the flat surface of the sternum (Figure 1). Using the “gold standard” for a correctly

identifying body position as the investigator's observations during placement of the

subject in the four positions, preliminary work (Adams, Drew et al. 2001) confirmed that

in all cases (n=54), the sensitivity of the biosensor for diagnosing each of the positions
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was 100%. In 42 subjects who had positioning repeated in all 168 cases (42 patients

multiplied by four positions), the biosensor was valid for the second time.

The biosensor technology was a gold plated ball bearing rotary sensor currently

used in sleep research labs. The power requirements were permanently encapsulated 3

volt lithium battery. Using a seven-foot cable to connect to the electrocardiograph, its

output impedance, both static and dynamic was 80 Kohms. The battery-powered sensor

produced position dependent direct current (DC) voltage levels translated into tick marks

every 2.5 seconds in lead V2 on the ECG paper. Specifically, the tick marks were as

follows: one () is right-side lying, two (|) is supine, three (|) is left-side lying and four

(||) is sitting upright (Figure 2). A total of five biosensors were assembled for this

dissertation project.

Positional Templates

Traditionally, Holter studies now referred to as ambulatory electrocardiograms

(AEGS), were the first to obtain positional ECG templates (Barolsky, Gilbert et al. 1979).

The strategy was to obtain templates prior to monitoring thereby enabling subsequent

systematic comparison between templates and recorded ST segment deviations.

Currently, the America College of Cardiology and the American Heart Association

Practice Guidelines for AEG monitoring state that, “supervised recordings should be

made with the patient in the standing, sitting, right and left lateral decubitus, and supine

positions to ensure that artifactual ST segment deviation does not occur (Crawford,

Bernstein et al. 1999).” Thus, with ST segment analysis, researchers usually take

positional changes into account, so that in most cases, ST deviation clearly related to

body position is excluded from analysis. However, others accommodate for such
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changes, for example, Currie (1993) adjusted their definition of ST elevation in the

presence of positional changes to include an additional one mm increase above the

template changes.

Recently, Norgaard (1999) studied the influence of body position change on the ST

segment during continuous vectorcardiography monitoring in 21 healthy volunteers. Over

a 24-hour period, subjects repeated a body positional schedule on four occasions to

include supine, right- and left-side lying. Consistent with previous researchers, Norgaard

(1999) found that 33% of the subjects had positional changes and all of the positional

templates were reproducible throughout the four times. Thus, they concluded that a

simple solution to improving the specificity of continuous ECG or vectorcardiography

monitoring in detecting myocardial ischemia might be to identify positional templates of

the patient prior to monitoring.
-.
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ECG Interpretation

At study entry, a resting, supine 12-lead ECG was documented and used to define

a reference non-ischemic ECG or reference ECG. All patients had four ECG templates

obtained in the following positions (1) supine, (2) right-side lying, (3) left side-lying and

(4) sitting upright, obtained with accompanying positional tick marks, positional ECG

templates. The onset of an ST event is defined as a change in ST amplitude in one or

more leads of at least +100pa V from the reference ST level, developing immediately and

persisting for at least one minute. The end of an ST event is the return of the ST level to

the reference level. If an ST event is present in more than one ECG lead simultaneously,

the event onset is the lead exhibiting the first significant ST change greater than 100 p.V.

Analysis

The gold standard for a change in body position over the continuous monitoring

period was the biosensor’s deflections in lead V2 on the 12-lead ECG tracing. First, the

investigators analyzed the ST monitoring data to identify any events that meet the

ischemic criterion. If an ST event was identified, the investigators assessed whether there

was an associated change of body position from baseline to event, as indicated by the

biosensor on the same ECGs used to define the ST event. The proportion of patients with

one or more false positive ST events was calculated as well as the total number of false

positive events. These data provide information to nurses as to how often one might

expect a stable telemetry patient with positional ECG changes to trigger an ST alarm due

to a body position change.

Although not the primary focus of the proposed study, if any of the subjects have

a true ischemic event, they were also reported. A true event was defined as meeting the
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criterion listed above, but without a change in body position as measured by the

biosensor. A true event was even more convincing if the patient had chest pain or

anginal equivalent symptoms (jaw, neck, or shoulder/arm pain or transient shortness of

breath), especially if it subsided after sublingual nitroglycerine. However, it is important

to point out that the vast majority of ECG-detected ischemic events are asymptomatic

(80-90%), so chest pain was not required to diagnose a true ischemic event.

For patients who trigger an ST alarm while obtaining positional templates, the

investigator determined whether the overall pattern of QRS and T waveforms across the

12 leads looked distinctively different in the four positions. If there were differences, the

investigator defined criteria to be used subsequently to identify which position the patient

was in during continuous monitoring period. For example, if the QRS complex was

positive in lead V5 when the patient is supine, negative when the patient was left side

lying, biphasic when the patient was right side-lying, and notched when the patient was

sitting upright, these templates were used to judge whether an ST event identified during

continuous ST monitoring period was due to body position.

Sensitivity was defined as the proportion of false ST events that had two

distinctively different ECG patterns between the baseline and event ECGs that matches

the template positional criteria.

Sensitivity = # of false positives diagnosed by ECG template criteria
total # of false positives diagnosed by the biosensor

To be considered a valid measure of false position that is comparable to the

biosensor, the ECG template criteria was required to have a sensitivity of 100% for the
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total number of false positive ST events. Sensitivity of 80% or less is considered totally

unacceptable for clinical practice.

To be considered a reliable measure, in the subjects with an initial ST segment

change due to body position, the second set of ECGs recorded in the four positions was

required to have the same distinctive patterns as the first set. In the patients without

initial ST segment change due to body position, the second set of ECGs recorded in the

four positions was required to remain unchanged among positions. The proportion of

patients with identical ECG templates between the first and the second sets was

calculated. The ECG template method for diagnosing positional ST events was

considered unacceptable for clinical practice if the percent agreement was less than 100%

between time one and time two.

Data Management

All statistical data was entered into Statistical Package for the Social Sciences,

SPSS", 10.0 Inc. (Chicago, IL). Computerized ECG measurement values were directly

converted from the ST segment analysis software to the SPSSTM database, which reduced

the error associated with manual data entry.

Results

Sample Characteristics

A total of 100 patients were consented and enrolled. Of these, four were excluded

from the analysis because they were unable to assume one or two of the four positions

required for the protocol. Thus, a total of 96 patients hospitalized with acute coronary

syndromes were included in the analysis; 47 (49%) who had a final diagnosis of
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stable/unstable angina, 15 (16%) with acute MI, and 34 (35%) with various cardiac

diagnoses including surgery. Sample characteristics included a mean age of 67 years

(+15 years; range 21 to 94), 63% male and ethnicity reflective of the demographics of

San Francisco (Hispanic, 6%; African American, 17%; Asian, 23%; and Caucasian,

54%). No patient was excluded for signs and symptoms of acute ischemia during the

research protocol.

In 33 subjects (34%) of the sample, positional changes were present in one or

more of the positions as defined a A ST of 100puV in one or more leads from the reference

ST level in the supine position (Table 1).

False Positive Positional ST Events

Of the 96 patients recruited to continuous ST monitoring, 30 (31%) consented for

a total of 280 hours of monitoring with an average of 9.3 hours (+6 hours; range 3 to 23).

Of these 30 patients monitored, 37% (n=11) had one or more false positive ST events.

Two of the false positive events were due to a transient arrhythmia and were excluded

from analysis. Thus, 30% (n=9) of the patients had one or more false positive positional

ST event. Most of the false positive positional ST events (n=6) occurred in the group

with initial positional changes. However, three false positive ST events due to body

position occurred (n=3) in the group who did not initially display any positional changes.

Overall, these 9 patients had a total of 25 false positive positional ST events (Table 2).

On average the events were fewer than one hour, yet the range was from briefest of 18

minutes to the longest of 2 hours and 22 minutes. Only precordial leads V2 through Vs

were affected. Mean ST segment monitoring time was not different between patients

>
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with positional ST segment changes compared to those without changes (8 hrs versus 11

hrs, p=NS).

None of the 25 events were considered true ischemic events because in every case

the ST event was in present with an accompanying change in body position, as indicated

by the biosensor. In addition, all the ST events were accompanied by striking QRS

changes. Moreover, none of the patients reported chest pain or anginal equivalent

symptoms during the study’s protocol.

Sensitivity of the Positional Templates

In 48 (50%) patients, the overall pattern of QRS and T waveforms across the 12

leads looked distinctively different in one, two or three of the four positions. In other

words, some subjects only had left side-lying positional changes while others had right

and left-lying positional changes. Subsequently, these templates were used to judge

whether an ST event identified during continuous monitoring period was due to body

position.

The number of false positive ST events identified by positional template versus

the number of false positive ST events identified by the biosensor was 73% vs 100%,

respectively. Figure 3 is an example of a false positive event detected ty the biosensor

but not by the positional templates.

Reliability of the Positional Templates

To be considered a reliable measure, the second set of ECGs recorded in the 42

subjects was required to have the same distinctive patterns as the first set. The average

time difference between initial positional templates and the second positional templates

was 8.1 hours (+5 hours; range 3 to 19). The percent agreement was 90% between times
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one and two for the left side-lying positional template and 29% for the right side-lying

positional template (Table 3). Figure 4 is an example how the positional template fails to

reproduce the same distinctive patterns from time one to time two.

Discussion

For nearly a decade, researchers have depended on positional templates to help

identify false positive ST events (Drew, Pelter et al. 1998; Norgaard, Rasmussen et al.

1999). Continuous ST segment studies often include in their methods systematic

collection of positional templates at the beginning of the monitoring session, with the

hope of identifying subsequent false ST events. However, in this study, positional

templates were not sensitive in distinguishing between true and false ST events.

The biosensor was consistently sensitive and reliable to changes in body position

in contrast to the positional ECG templates. The development of the biosensor took

nearly 18 months before it was perfected. In other words, at the onset of this study the

biosensor had evolved through three different iterations. Though relatively simple, the

device was accurate.

Thirty percent of the subjects had at least one false positive ST event. Our

findings are in agreement with Drew (1998) who reported 36% of false positive ST

events were due to body positional changes. These data provide information to clinicians

as to how often one might expect a stable telemetry patient with positional ECG changes

to trigger an ST alarm due to a body position change.

Surprisingly, three subjects who did not demonstrate initial positional ECG

changes subsequently had a total of six false ST events per biosensor detection. Thus,

initial positional templates do not necessarily identify patients who may later have a false
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ST event. It is possible that patients assumed positions, for example a prone or fetal-like

position which induced false positive ST events. On the other hand, 45% of the subjects

who did demonstrate initial positional changes did not have a subsequent false ST event.

Many of the patients on telemetry are recovering from recent insults such as percutaneous

coronary interventions or surgery; therefore their mobility is limited due to fatigue, post

procedure groin precaution, sedation, etc. Thus, despite initial efforts to obtain positional

templates, some patients never assumed a spontaneous side lying position during

monitoring, per biosensor. Anecdotally, mobile patients pre-procedure or pre-hospital

discharge were less likely to consent to additional monitoring compared to bed rest

patients. Thus, it is reasonable to hypothesize that frequency of false ST events on

telemetry units may actually be under reported in this study.

Our observations were consistent with multiple investigations in that 50% of the

subjects had an overall distinctly different QRS and T waveform pattern during

positioning (Huiskamp and van Oosterom 1992; Nørgaard, Rasmussen et al. 2000).

However, positional templates identified only 73% of the 25 false ST events which is

unacceptable for clinical practice.

The percent agreement between the first set and second set of positional templates

was poor. The best being left side-lying (90%) and the worse, right side-lying (29%).

Thus it is fair to say that positional templates are not a reliable measure because the

second set of ECGs recorded in the four positions did not have the same distinctive

patterns as the first set in 63% of the patients. Of note, the current practice in AECG

monitoring is to compare positional templates, however most AECG recorders typically

record two or three bipolar leads and routinely, the modified Vs lead is used because it is
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more sensitive than any standard ECG lead for detecting exercise-induced myocardial

ischemia. Thus, identifying a positional template in a single lead may be easier than

identifying positional templates in 12-lead ECG monitoring.

In contrast to the findings of Norgaard (1999), who observed that positional

templates were always reproducible, our findings show that positional templates are not

reliable. However, Norgaard (1999) measured ST-vector magnitude with continuous

vectorcardiography compared to our analysis of the ST segment using the 12-lead ECG.

It may be the instruments, that is the 12-lead ECG versus the vectorcardiograph, that

explain the discrepancy.

Several explanations of positional ECG changes have been proposed including

differences of ventricular volume Brody (1956), anatomic change of the heart in relation

to the recording surface electrodes (Feldman, Borow et al. 1985), heart disease (Bonner

and Durant 1961), and changes of the vagal and sympathetic tone and variations in

electrical resistance with changing lung volumes (Sutherland, McPherson et al. 1983).

Currently, there is no consensus among researchers as to the etiology of positional ECG

changes and none of the research explains why we found positional templates to be least

reliable on the right side. It is possible that the heart is less restricted in movement with a

turn to the right then to the left because the heart sits in a forward anterior position in the

left thorax. This question would be best studied with the help of magnetic resonance

imaging.

Limitations

None of the 25 events were considered true ischemic events because in every case

the ST event occurred simultaneously with a change in body position, as indicated by the
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biosensor. Of note, none of the patients reported chest pain or anginal equivalent

symptoms during the study’s protocol. However, given there is not gold standard for

ischemia detection, there is threat to these findings that one or more of the false ST

events are actually true ischemic events. It is also possible that patients with ischemia

have accompanying positional changes.

Conclusion

Of the two strategies, these findings indicate that the biosensor is not only more

sensitive than positional ECG templates but also more reliable. These data provide

information as to how often one might expect a stable telemetry patient with positional

ECG changes to trigger an ST alarm due to a body position change. This research study

has the potential to improve the specificity of continuous ST segment monitoring; i.e., to

reduce the number of false positive ST segment alarms. Use of a biosensor as a strategy

to indicate body position changes on the 12-lead ECG should be considered by

monitoring companies for incorporation into their current ST segment software. This

strategy would prevent false positive ST segment alarms from burdening the clinician and

patient; thus, improving bedside monitoring and patient care.
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Table 1. Frequency of Positional ST Segment Changes

Position n=33

Supine vs. Right 15 (45%)

Spine vs. Left 25 (76%)

Spine vs. Upright 13 (39%)
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Table 2. Nine Patients with False Positive Positional ST Events

Patient | Initial Monitored | # events Duration | A ST plv | Max
Template (hrs) of event in max Lead
Change (mins) lead

1 No 9 1 22 145 V3
2 NO 10 2 35 180 V2
3 No 20 3 16 166 V4
4 Yes 17 1 24 130 Vs
5 YeS 3 2 46 220 V3
6 Yes 16 2 34 120 V4
7 Yes 15 3 58 123 V2
8 Yes 21 5 43 175 Vs
9 Yes 8 6 43 155 V2
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Table 3. Reliability of Positional Templates

n=42 subjects Time 1 Time 2 Percent

agreement

Supine vs Right 2 (5%) 7 (17%) 29%

Supine vs Left 9 (21%) 10 (23%) 90%

Supine vs Upright 3 (7%) 7 (17%) 43%

Change in any position | 10 (24%) 16 (38%) 63%
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\- LA
biosensor

Figure 1
Using the Mason Likar configuration with limb lead electrodes placed on the torso, the
biosensor was attached to an electrode placed on the sternum.
RA (right arm), LA (left arm), RL (right leg, and LL (left lag).
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Figure 2. Biosensor Tick Marks
Examples of biosensor the tick marks seen on the ECG in lead V2: two (|) is supine, one
() is right-side lying, three (||) is left-side lying and four (||) is sitting upright.
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Supine Upright

º-º-º:

Figure 3. False positive ST event detected by the biosensor
Precordial leads of a 12-lead showing supine (two tick marks in V2) versus upright (four
tick marks in V2). Though there are some amplitude changes in the R and S waves there
was no change in QRS polarity used to identify positional templates. The most striking
change from supine to upright is the pseudonormalization of the ST segments in V4, Vs,
and V6.

ºcíº
A R_Y
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Supine Left

Time 2

Figure 4. Positional Templates
Precordial leads showing supine positional template (two tick marks in V2) versus left
side-lying (three tick marks in V2) template at two different times. The most striking
change from supine to left side-lying position on time one is the shift of lead V4 from a
qRs configuration to a dominate Q wave. The second set of templates did note reproduce
this same change, in fact V4 looks essentially unchanged.

/*
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Chapter 7

Summary
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Future Directions

Currently, we are evaluating a new method to detect ST segment elevation using a vector

magnitude as opposed to individual 12 lead offsets with the hope that it will provide a

better method to distinguish between true ischemic events and false positive positional

events. The basic concept is that the ischemic tissue produces a current of injury that has

a vector magnitude and direction. This vector is most readily measured at the J point,

when other signal vectors are zeroed. Since we do not wish to be sensitive to positional

changes, the measurement of change is restricted to magnitude changes. A detailed

examination of the vectors of the QRS and T-waves of these patients preliminarily show

that the positional changes rotated all of the vectors in a way that appears to preserve the

shape of the 3D vector diagram. It may be shown that the rotation due to positional

changes is enough to cause significant changes in the 12 lead data, but have minimal

effect on the vector magnitude. The overall goal of this work maintains sensitivity to

detecting myocardial ischemia, while actually improving specificity. This means that

there will be few false positive positional ST events due to body position.

Summary

During the last decade, it has been well established that continuous ST segment

monitoring detects ongoing and transient myocardial ischemia. In the ongoing struggle

to better understand electrocardiography, the issues of reliability and validity remain

crucial. Of particular concern for continuous ST segment monitoring, is the effect of

body position. This dissertation work (1) described the effect of body position on the

ECG and its implications for ischemia monitoring, (2) addressed measurement issues

related false positive ST segment alarms, (3) illustrated clinical consequences of false

, ,-,
º

R_Y
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positive positional ST events, (4) identified factors to consider when analyzing the ECG

for ischemia and (5) compared two strategies to detect false positive positional ST events.

Despite improvement in computerized detection of ST segment deviation, there

remains room for improvement. In particular, ST segment events that are not related to

myocardial ischemia are still detected during continuous monitoring. Until computerized

software can distinguish between true ST events and false ST events, clinicians are faced

with a challenge. The biosensor does not interpret the validity of the ST segment event,

however it does correct for position. In other words, given an ST event, the clinician is

able to compare similar positioned ECGs when interpreting the ST segment. Thus,

accurate ST segment interpretation continues to require clinical expertise in

electrocardiography, understanding of myocardial physiology, and knowledge of the

benefits and limitations of the ST segment monitor. Understanding the role of body

position as a major source of false positive alarms is critical to accurate ECG monitoring

for ischemia.
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