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Abstract

Background—Patients hospitalized for suspected acute coronary syndrome (ACS) are at risk for 

transient myocardial ischemia. During the “rule-out” phase, continuous ECG ST-segment 

monitoring can identify transient myocardial ischemia, even when asymptomatic. However, 

current ST-segment monitoring software is vastly underutilized due to false positive alarms, with 

resultant alarm fatigue. Current ST algorithms may contribute to alarm fatigue because; (1) they 

are not designed with a delay (minutes), rather alarm to brief spikes (i.e., turning, heart rate 

changes), and (2) alarm to changes in a single ECG lead, rather than contiguous leads.
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Purpose—This study was designed to determine sensitivity, and specificity, of ST algorithms 

when accounting for; ST magnitude (100 μV vs 200 μV), duration, and changes in contiguousECG 

leads (i.e., aVL, I, - aVR, II, aVF, III; V1, V2, V3, V4, V5, V6, V6, I).

Methods—This was a secondary analysis from the COMPARE Study, which assessed occurrence 

rates for transient myocardial ischemia in hospitalized patients with suspected ACS using 12-lead 

Holter. Transient myocardial ischemia was identified from Holter using > 100 μVST-segment ↑ or 

↓, in > 1 ECG lead, > 1 minute. Algorithms tested against Holter transient myocardial ischemia 

were done using the University of California San Francisco (UCSF) ECG algorithm and included: 

(1)100 μV vs 200 μV any lead during a 5-minute ST average; (2)100 μV vs 200μV any lead > 5 

minutes, (3) 100μV vs 200μV any lead during a 5-minute ST average in contiguous leads, and (4) 

100 μV vs 200 μV > 5 minutes in contiguous leads (Table below).

Results—In 361 patients; mean age 63 + 12 years, 63% male, 56% prior CAD, 43 (11%) had 

transient myocardial ischemia. Of the 43 patients with transient myocardial ischemia, 17 (40%) 

had ST-segment elevation events, and 26 (60%) ST-segment depression events. A higher 

proportion of patients with ST segment depression has missed ischemic events.

Table shows sensitivity and specificity for the four algorithms tested

Alarms Tested 100 mV ST Deviation (↓ or ↑) 200 mV ST Deviation (↓ or ↑)

Sensitivity Specificity Sensitivity Specificity

1. ST-segment change any ECG lead 5 
minute average

76.7% 47.8% 46.5% 74.2%

2. ST-segment change any ECG lead > 5 
minutes

76.7% 54.4% 46.5% 77.4%

3. ST-segment change contiguous leads 
5 minute average

69.8% 67.9% 27.9% 83.6%

4. ST-segment change contiguous leads 
> 5 minutes

62.8% 73.0% 20.9% 86.8%

Conclusions—Sensitivity was highly variable, due to the ST threshold selected, with the 100 μV 

measurement point being superior to the 200 μV amplitude threshold. Of all the algorithms tested, 

there was moderate sensitivity and specificity (70% and 68%) using the 100 μV ST-segment 

threshold, integrated ST-segment changes in continuous leads during a 5-minute average.

Every year, nearly 7 million Americans seek care for chest pain to rule out possible acute 

coronary syndrome (ACS), a pathology which claims nearly one life every 2 minutes.1 Early 

identification of myocardial ischemia (pre-infarction), in order to reduce damage to the 

heart, is a critical step in the treatment of ACS. The presence of ST elevation on the 

presenting electrocardiogram (ECG) constitutes the principal ECG feature used to risk-

stratify and guide treatment; however, ST elevation is present in less than 25% of ACS 

patients.2 Hence, the current clinical challenge is directed at the other 75% of patients, those 

with non-ST elevation-ACS (NSTE-ACS) or unstable angina (UA). These are clinically 

challenging patients because their initial ECG may be non-diagnostic and biomarkers may 

take hours to become positive. During the “rule-out” phase, continuous ECG ST-segment 

monitoring can identify high risk patients with transient myocardial ischemia, even when 

asymptomatic.3–5 While a continuous ECG approach is ideal using ST-segment monitoring, 
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current ST-segment software is vastly underutilized due to false positive alarms,6, 7 which 

contribute to alarm fatigue. 8–10 During a one month period, Drew et al., found a total of 

6,196 ST alarms occurred in 83 patients who were monitored in a 16 bed coronary care unit 

with ECG ST-segment monitoring (200 alarms/day).8 Of the 6,196 ECG ST alarms, 4961 

(80%) were < 30 seconds in duration following brief ST-segment spikes. When the duration 

of ST-segment changes was lengthened to > 60 seconds there was a substantial drop in the 

number of alarms from 4,961 to 542. These findings suggest that ST-segment alarms 

designed with a delay (i.e., minutes) may reduce the number of ST alarms and lower the 

burden of alarm fatigue.

Research assessing transient myocardial ischemia in hospitalized patients with ACS have 

defined its presence using the standard rule of “ones,” ST-segment deviation (elevation or 

depression) of ≥ 100 μV in ≥ 1 ECG leads ≥ 1 minute,11 which is also the recommendation 

for in-hospital ECG monitoring.12 However, in-hospital ECG monitor algorithms are not 

designed with this rule, and may contribute to false ST-segment alarms. This may occur for 

several reasons. First, as described above, many alarms are generated from brief ST-segment 

change, which can occur during turning, breathing, heart rate changes or noise.8, 10, 13, 14 

Second, ST-segment alarms are generated from ST-segment changes in a single ECG lead, 

rather than contiguous (side-by-side), as is typical in true transient myocardial ischemia. 

Lastly, the amplitude of ST-segment changes used to determine the presence of transient 

myocardial ischemia (i.e., 100 microvolts [μV] versus 200 μV) may contribute to ST-

segment alarms. While it is predictable that a 100 μV ST-segment measurement point is 

more sensitive than 200 μV, currently in clinical practice the 200 μV measurement point is 

commonly used. This is because many clinicians believe that a 100 μV measurement point is 

too sensitive for continuous inhospital ECG ST-segment monitoring, and have adjusted their 

alarm threshold to 200 μV in an effort to reduce the number of ST-segment alarms. However, 

the μV adjustment from 100 μV to 200 μV has not been assessed using continuously 

acquired ECG data, neither have other algorithm features (i.e., duration and contiguity). This 

study was designed to determine the sensitivity, and specificity of four developed ECG ST-

segment algorithms designed with three features: (1) ST magnitude (100 μV vs 200 μV), (2) 

duration (minutes), and (3) contiguous ECG leads (i.e., aVL, I, - aVR, II, aVF, III; V1, V2, 

V3, V4, V5, V6, V6).

Methods

This study is a secondary analysis using data from the COMPARE study (R21 NR-011202, 

PI: MMP), the design of which has been described previously.15 Briefly, the COMPARE 

Study examined the frequency and consequences of transient myocardial ischemia among 

hospitalized patients presenting for suspected ACS. Approval from local institutional review 

boards was obtained from participating hospitals, and all patients provided written informed 

consent prior to participation.

Sample/Settings

Included were English speaking patients presenting for treatment of suspected ACS, 

specifically, non-ST-elevation acute coronary syndrome (NSTE-ACS), or unstable angina 
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(UA). Patients were excluded if admitted for ST-elevation MI (STEMI), were comatose, 

diagnosed with a major psychiatric disorder, or in isolation precautions. ECG exclusion 

criteria included left bundle branch block or ventricular paced rhythm because these 

conditions distort the ST-segment, making it difficult to reliably interpret the ECG for 

transient myocardial ischemia.12, 15

Electrocardiographic Data Collection

A research nurse/assistant was present in the hospital during the hours of 7 am to 5 pm, 

Monday through Friday. A 12-lead ECG Holter recorder (Mortara Instruments, Milwaukee, 

WI) was applied to patients meeting inclusion criteria. The Holter recorder data was not 

available to clinicians for decision making; rather off-line analysis (described below) was 

conducted after hospital discharge. The ECG Holter recorder remained in place until the 

patient was discharged home. All patients were maintained on the hospital’s ECG monitor 

system as per the hospital protocol.

Primary Study - ECG Transient Ischemia Analysis

The 12-lead ECG Holter data were downloaded to a research computer and analyzed after 

hospital discharge using the H-Scribe Analysis System (Mortara Instruments, Milwaukee, 

WI). Transient myocardial ischemia was defined using the standard definition, ST-segment 

deviation (elevation or depression) of ≥ 100 μV in ≥ 1 ECG leads ≥ 60 seconds measured at 

J + 60 milliseconds.11, 12 While the H-Scribe software automatically codes myocardial 

ischemia, all of the ECG data were manually over read by the principal investigator (MMP), 

to ensure false-positive ST changes were not counted as transient ischemia (i.e., body 

position changes, intermittent bundle branch block, left ventricular hypertrophy, or 

arrhythmias).

Algorithms Tested

While the parent COMPARE Study enrolled 488 patients, this secondary analysis examined 

a sub-set of 361 (74%), who had high-resolution ECG data acquired with a 1,000 sample/

second flash card. This sampling rate was required to examine transient myocardial ischemia 

using our developed University of California San Francisco (UCSF) ECG algorithm. The 

UCSF ECG algorithm examines ST-segments at the J-point + 60 milliseconds in all 12-ECG 

leads using a five minute. We used the first thirty minutes of Holter recording to establish a 

baseline ST-segment level in each of the 12-leads. Transient ST-segment deviation (elevation 

or depression) was then determined from the established baseline during the remainder of 

the Holter recording (average recording time 26 hours). A total of four ST-segment alarms 

were tested and shown in Table 1.

Statistical Analysis

Data were analyzed using SPSS 22.0 (IBM Corporation 1994, 2014). Descriptive statistics 

were used to report demographic (i.e., age, gender, and ethnicity) and clinical information 

including medical history (i.e., prior angina, prior MI, hypertension, hyperlipidemia, 

diabetes, prior cardiac procedures, and coronary artery disease (CAD). These values are 

expressed as means ± standard deviations and percentages. Sensitivity and specificity were 
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calculated to determine the performance of the four algorithms in identifying transient 

myocardial ischemia. A p value of < 0.05 was adopted as the critical value to determine 

statistical significance where appropriate.

Results

As shown in Table 2 the sample was mostly male, White, and nearly half had a prior history 

of coronary artery disease. Of the 361 total patients, 43 (11%) had transient myocardial 

ischemia identified during Holter recording.

Tested Algorithms

Table 3 shows the sensitivity and specificity of the four tested algorithms, with comparisons 

using 100 μV versus 200 μV as the ST threshold. Overall, the algorithm with equivalent 

sensitivity and specificity (69.8%/67.9%) was #3, which used the 100 μV measurement point 

in contiguous leads using a 5-minute average.

Algorithm Performance by ST-Segment Amplitude and Direction

Of the 43 patients with transient myocardial ischemia, 17 (40%) had ST-segment elevation 

events, and 26 (60%) ST-segment depression events. Figure 1 shows the 17 patients with ST-

segment elevation events, and the number of patients missed by each of the four algorithms 

compared by ST-segment amplitude (100 μV versus 200 μV). As illustrated, for all four 

algorithms, a higher number of patients with ST elevation events are missed when an 

amplitude of 200 μV is used. Figure 2 shows ECG’s to illustrate a missed ST-segment 

elevation event when using the 200 μV amplitude threshold.

Figure 3 displays the 26 patients with ST-segment depression events, and the number of 

patients missed by each of the four algorithms comparing the 100 μV versus 200 μV ST 

amplitude threshold. Similar to patients with elevation events, for all four algorithms, a 

higher number of patients with ST depression events were missed when an amplitude of 200 

μV was used. Figure 4 shows ECG’s to illustrate a missed ST-segment depression event 

when using the 100 μV amplitude threshold.

Table 4 shows the 17 patients with ST-segment elevation events and the 26 patients with ST-

segment depression events with comparisons by amplitude (100 μV versus 200 μV) for each 

algorithm. Transient ischemia was missed in a higher proportion of patients when the 200 

μV amplitude threshold was used. Due to a small sample size, statistical comparisons should 

be interpreted with caution.

Discussion

This study showed that the sensitivity of ECG algorithms designed to identify transient 

myocardial ischemia during continuous ECG monitoring is highly variable, ranging from 

77% to as low as 21%. This large variation in sensitivity appears to be due to two factors. 

First, the measurement point used to measure ST-segment deviation. Higher sensitivity was 

observed when using a 100 μV amplitude change (range 77% to 63%), and considerably 

lower when using a 200 μV amplitude change (range 47% to 21%). Second, lower sensitivity 
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was seen when using contiguous ECG leads with the lowest sensitivity (21%) seen in the 

algorithm using ST-segment changes > 5 minutes in continuous leads. While sensitivity was 

lower when using a 200 μV amplitude change, reasonable specificity was observed (range 

74% to 88%). Of all the algorithms tested, the one with equivalent sensitivity and specificity 

(70% and 68%) used the 100 μV ST-segment threshold, integrated ST-segment changes in 

continuous leads using a 5-minute average.

One possible explanation for the differences in our study between the cases identified by 

each algorithm versus those identified in the primary study is likely explained by human/

manual over reading. An example of this is shown in figure 4 during an ST-segment 

depression event. The algorithm identified ST-segment depression of −91 μV, which did not 

exceed the 100 μV level used in the primary study; hence all of the algorithms missed this 

ischemic event. Variations in human versus computerized ST-segment measurements have 

been reported.16, 17, It is also possible in this example that the human reader may have taken 

into account the concomitant increased heart rate during the ST-segment changes, which 

when combined with ST-segment depression was determined to be transient ischemia. 

Current in-hospital ECG monitoring algorithms do not combine other physiologic 

parameters such as heart rate, which may be useful particularly for ST-segment depression 

events due to demand related ischemia (i.e., increased heart rate in a partially occluded 

coronary artery/arteries), and should be tested.

We anticipated improved identification of transient myocardial ischemia by using continuous 

leads. However, sensitivity was lower in all of the algorithms using this approach, while 

specificity was somewhat improved. This suggests this approach may reduce false positive 

alarms, but at the cost of missing true transient ischemia. Wang and co-workers used a 

“vessel specific lead” approach tested during percutaneous balloon inflation (PCI) and found 

improved sensitivity of ischemia detection when using a weighted sum of both ST elevation 

and depression in eight predictor leads.18 However, this study examined ST-segment 

changes during cardiac catheterization with complete coronary occlusion using the PCI 

model; hence, there was minimal artifact from patient movement as would be typical during 

continuous ECG monitoring in patients admitted for rule out ACS. Nevertheless, a weighted 

sum approach may be useful to test in the future.

Motion artifact from patient movement during continuous ECG monitoring can lead to false 

alarms and contribute to alarm fatigue. Abdelazez et al., tested an alarm gating approach to 

determine if their algorithm could identify ST-segment deviation despite the presence of 

motion artifact.14 Using a signal quality analysis algorithm, the investigators were able to 

remove 93% of the false positive ST-segment changes caused by motion artifact while 

maintaining the number of true positive ST events. However, their developed algorithm 

overestimated ST-segment deviation resulting in 66 false positive events. Firoozabadi and 

co-workers used a multistep algorithm approach to determine if notifications for ST-segment 

elevation from the bedside monitor could be lowered by using an algorithm designed for 

resting 12-lead ECGs.13 Their premise was that current bedside monitoring ST-segment 

algorithms are prone to false alarms because they are not capable of identifying ECG 

confounders (i.e., pericarditis, bundle branch block, early repolarization, and left ventricular 

hypertrophy) as can be done with resting ECG algorithms. In the over 1,000 patients, 25% 
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with continuous monitoring generated at least one ST-elevation notification as compared to 

only 4% using the developed algorithm. A sensitivity of 100% and specificity of 80% was 

achieved using a one-minute analysis window. When a 5-minute analysis window was used, 

sensitivity dropped to 87% sensitivity but specificity improved to 95%. Similarly, we 

showed that specificity improved when the duration was extended beyond a 5-minute time 

period, however, sensitivity was unacceptably low.

In many of the studies described above, ST-segment elevation was the focus of analysis; 

hence algorithms designed to identify dynamic ST-segment deviation with both elevation 

and depression patterns as is typical in transient myocardial ischemia have not been 

thoroughly investigated. While one could argue transient ST-segment elevation is the most 

critical ST pattern to identify in ACS patients since this pattern signifies complete coronary 

occlusion, the vast majority (two-thirds) of those admitted with suspected ACS (i.e., non-ST 

elevation ACS, unstable angina) do not present with ST-segment elevation. Rather, these 

patients are at risk for transient ischemia (i.e., elevation, depression, or both), both of which 

increase the risk of serious in-hospital and long-term complications.4, 5, 19–21 In our study, a 

higher proportion of patients experienced ST-segment depression events as compared to 

elevation events (60% versus 40%). Overall, the algorithms missed more ST-segment 

depression events, particularly when using the 200 μV measurement point in contiguous 

leads, which is below the measurement recommended in the Third Universal Definition of 

MI of > 50 μV in two contiguous leads.22 Hence, it is not surprising so many patients in our 

study with transient ST-segment depression events were missed. This is an important finding 

since current bedside ECG ST-segment monitoring algorithms do not allow for adjustments 

based on ST-segment direction, rather the nurse selects the desired amplitude, typically 100 

μV or 200 μV, which is used for both elevation and depression events. Algorithms designed 

to detect both transient ST-segment elevation and depression using varied ST amplitude, for 

example 100 mV for ST elevation and 50 mV for ST depression, should be developed and 

tested.

According to the ECG Practice Standards for in-hospital cardiac monitoring, ST-segment 

alarm parameters should be set to 100 μV above and below a patients baseline ST-segment 

level in those considered at high risk (STEMI, NSTEMI-ACS, unstable angina, or rule out 

MI) and 200 μV in those identified at lower risk.12 Our results corroborate these 

recommendations as the 100 μV amplitude change was superior to the 200 μV amplitude. 

However, many hospitals have opted to set the default ST-segment threshold to 200 μV in an 

attempt to reduce the number of false ECG ST-segment monitoring alarms. While this is a 

reasonable adjustment to reduce alarm fatigue, our study shows that the 200 μV threshold 

will miss a substantial number of patients with true transient myocardial ischemia.

Current ECG ST-segment algorithms are ineffective due to high false alarm rates. Clinicians 

have resorted to making adjustments to bedside ECG monitors that are likely to miss 

transient ischemic events. There is therefore, an urgent need to develop better ST-segment 

algorithms designed with the required sensitivity to detect small, but clinically significant 

ST-segment changes indicative of transient myocardial ischemia, while minimizing false 

alarms. Suggestions, for algorithm improvements based on our results include: (1) 

combining ST-segment changes with other physiologic parameters (i.e., heart rate), (2) sum 
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ST segment changes over multiple ECG leads (i.e., ischemic burden), (3) recognize motion 

artifact, (4) automatically adjust ST-amplitude threshold based on ST-segment direction (i.e., 

elevation versus depression).

Limitations

Our algorithm uses a 5-minute ST-segment average for classifying transient ischemia, which 

could potentially limit our ability to identify brief ST-segment changes during true ischemia. 

However, in prior studies we found that the vast majority of true ischemic events are on 

average 30 to 60 minutes in duration;3, 4, 23 hence this 5-minute time window is not likely to 

reduce the ability to identify transient ischemia. Transient myocardial ischemia was 

diagnosed from Holter recordings by clinical experts; hence, true events may have been 

missed, or judged to be true when there was not transient ischemia. Only 11% of the sample 

had transient myocardial ischemia.

Conclusions

This study tested four algorithms, which incorporated ST magnitude, duration, and 

contiguous ECG leads. Sensitivity was highly variable, due to the ST-segment threshold 

used, with the 100 μV measurement point being superior to the 200 μV amplitude threshold. 

Missed ischemic events were higher in patients with ST-segment depression events. Of all 

the algorithms tested, there was moderate sensitivity and specificity (70% and 68%) using 

the 100 μV ST-segment threshold, integrated ST-segment changes in continuous leads during 

a 5-minute ST-segment average. In future work we plan on evaluating other ECG waveforms 

(i.e., T-wave, QRS width) and combining other physiologic parameters into our algorithm. 

This study demonstrates that more research and further algorithm development needs to be 

done to improve detection of transient myocardial ischemia using in-hospital ECG 

monitoring.
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Highlights

• The sensitivity of ECG algorithms designed to identify transient myocardial 

ischemia in patients with acute coronary syndrome are highly variable when 

using; (1) amplitude (100 microvolts [μV] versus 200 μV), (2) duration 

(minutes), and (3) contiguous ECG leads.

• Using a 100 μV ST-segment threshold is superior to a 200 μV threshold 

measured at 60 milliseconds past the J-point.

• A higher proportion of ST-segment depression events are missed as compared 

to ST-segment elevation events.

• Moderate sensitivity and specificity (70% and 68%) was achieved using ST-

segment deviation of 100 μV, using a five-minute ST-segment average in 

continuous ECG leads.
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Figure 1. 
Shows 17 patients with ST-segment elevation events (blue bar) and number of patients 

missed by each of the four algorithms using ST amplitude of 100 μV (orange) versus 200 μV 

(grey).

Algorithms Tested

1. ST-segment change any ECG lead using 5 minute average

2. ST-segment change any ECG lead > 5 minutes

3. ST-segment change contiguous leads using 5 minute average

4. ST-segment change contiguous leads > 5 minutes
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Figure 2. 
Shown are the six precordial leads (V1 to V6) in a missed ST-segment elevation event when 

using the 200 μV amplitude threshold. The panel on the left is the baseline ST-segment level 

in a 55-year-old male admitted with chest pain rule out acute coronary syndrome. The 

middle panel shows maximal ST-segment elevation during the event, note ST-segment 

elevation in leads V1 to V3, which does not exceed the 200 μV threshold. T-wave changes 

are seen in leads V4 to V6. The panel on the right shows the return of the ST-segments to the 

level prior to the elevation event.
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Figure 3. 
Shows 26 patients with ST-segment depression events (blue bar) and number of patients 

missed by each of the four algorithms using ST amplitude of 100 μV (orange) versus 200 μV 

(grey).

Algorithms Tested

1. ST-segment change any ECG lead using 5 minute average

2. ST-segment change any ECG lead > 5 minutes

3. ST-segment change contiguous leads using 5 minute average

4. ST-segment change contiguous leads > 5 minutes
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Figure 4. 
Shown are two 12-lead ECG’s in a missed ST-segment depression event. The panel on the 

left is a baseline 12-lead ECG in a 78-year-old male admitted with chest pain rule out acute 

coronary syndrome. The 12-lead ECG on the right shows an ST-segment depression event, 

note increased heart rate and ST-segment depression in multiple ECG leads. This event was 

missed by all tested algorithms since the ST-segment depression only reached −91 μV, and 

not the −100 μV criteria used in the primary study.
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Table 1

Shown are the four alarms tested (rows). Columns two and three illustrate the ST-segment amplitude tested for 

each of the four alarms (i.e., 100 microvolts [μV] versus 200 μV) measured at the J-point + 60 milliseconds. 

Contiguous ECG leads were as follows: aVL, I, - aVR, II, aVF, III; V1, V2, V3, V4, V5, V6, V6.

Alarms Tested 100 μV ST Deviation (↓ or ↑) 200 μV ST Deviation (↓ or ↑)

1. ST-segment change any ECG lead using 5 minute average

2. ST-segment change any ECG lead > 5 minutes

3. ST-segment change contiguous leads using 5 minute average

4. ST-segment change contiguous leads > 5 minutes
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Table 2

Sample of patients presenting to the hospital with symptoms suggestive of acute coronary syndrome n = 361.

Variable N (%)

Male Gender 225 (62)

Race

 American Indian/Alaska Native 6 (2)

 Asian 5 (1)

 Black 11 (3)

 Pacific Islander 5 (1)

 White 357 (93)

Clinical History

 Coronary Artery Disease 165 (46)

 Myocardial Infarction 108 (30)

 Percutaneous Coronary Intervention 104 (29)

 Coronary Bypass Graph Surgery 54 (15)

 Diabetes 94 (26)

 Hypertension 242 (67)

 Dyslipidemia 216 (60)

Mean Time from Hospital Presentation to Holter (Hours) 5:30 (± 4)

Total Holter Recording Time (Hours) 26 (± 18)

Discharge Diagnosis of Acute Coronary Syndrome 147 (38)

Transient Myocardial Ischemia 43 (11)
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