


















Table 1 

SUMMARY OF LINEAR LEAST SQUARES STATISTICAL ANALYSIS OF CCU PATIENT POPULATION 

Software Revisions 9-18, 1178 patients, 3176 monitored patient-days, May 1979 - Aug 1980 

Average False (F) and True (n Alarms per Day 

Direction of linear 

Total Patient 
Population 

F T 

regression fit over period (not significant) 

Range of linear regres­
sion over the period 

Standard deviation of 
data about linear regres­
sion line 

Test values (t) for linear 
regression fit (p) 

26-25 

8.8 

(I) 0.275 
(p) >0.5 

12-33 

6.9 

5.03 
<0.001 

Patient 
Population A * 

F 

11-15 

2.8 

2.93 
<0.01 

T 

9-30 

7.4 

4.70 
<0.001 

Patient 
Population B* 

F 

26-16 

8.7 

1.84 
<0.10 

T 

8-14t 

2.8t 

3.37 
<0.005t 

* Population A: patients who exhibit < 50 false alarms per day; Population B: patients who exhibit < 50 true alarms per day. 
tWith a single outlying data point deleted. The overall character of the linear regression fit was little affected by the inclusion of the 
isolated point (Sept 15-30, 1979) in the analysis. However, confidence in the validity of the fit was materially reduced, with the 
resulting value of p near 0.10. Accordingly, because the difference between that data point and the corresponding linear regression 
value was greater than 4 times the standard deviation (3.98), the point was omitted from the regression data summarized above. No 
explanation has thus far been put forward that would account for the anomalous results obtained during this particular data col­
lection segment. 

exhibited by them. Indeed, the average false-alarm 
rate is seen to improve somewhat (from 26 to 16 
alarms per day) over the data collection period when 
only those patients who exhibit less than 50 true 
alarms per day are considered. Therefore, it is 
hypothesized that although a real improvement in the 
inherent false alarm capability of the system was 
achieved by the successive revisions to the arrhythmia 
algorithm, the improvement was accompanied by a 
corresponding increase in the number of complex 
and changing ECG patterns. Thus, in the aggregate, 
little if any net change in false-alarm rate was ob­
served for the entire CCU patient population over the 
16-month system refinement effort. 

SYSTEM ACCEPTANCE AND APPLICA­
TION BY CCU STAFF MEMBERS 

As was noted earlier, false-alarm rates in excess of 
80070 were regularly produced by the arrhythmia de­
tection algorithm as initially incorporated in the pa­
tient monitoring system. Under these conditions, the 
system was deemed by the staff to be more of a hin­
drance than a help in the detection of patient arrhyth-
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mias. The "harassment" produced by recurrent false 
alarms was severe enough to interfere with the in­
tended function of checking and reporting valid 
alarms for clinical action. 

The initial revision, which reduced the tendency to 
cause alarms as the result of muscle noise, poor ECG 
lead attachment, and similar artifacts, decreased the 
number of false alarms by a factor of over two so 
that the overall average false-alarm rate was lowered 
to 65% from about 75 to 80070. At that point, clinical 
personnel indicated that, although considerable im­
provement was still needed, the system was "becom­
ing useful." Moreover, the users then first observed 
that, in practice, a sizable fraction of the observed 
false alarms was usually produced by only a very few 
patients. 

As illustrated by Fig. 5, no really dramatic im­
provement in average system alarm performance was 
achieved by the early revisions (9 to l3) introduced 
during the first six months of the data collection ef­
fort. Nevertheless, during the same period, accep­
tance of the system increased significantly. Both in­
creased confidence in the system operation and a 
greater understanding of particular performance 
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limitations were regularly expressed by users during 
that period. 

By the end of the evaluation period (August 1980), 
user acceptance of the system as an effective clinical 
tool had become general, and the system was being 
routinely relied on by the staff both for the monitor­
ing of ECG'S in the CCU and for the retrospective 
review of the status of selected patients. Never­
theless, as is illustrated by Table 1, no significant 
reduction in false-alarm rates had actually been 
achieved. 

Interestingly, throughout the entire data collection 
period, clinical users generally seemed to feel that the 
system was producing fewer and fewer "false-alarm 
problems" as successive revisions were introduced. It 
would appear that the subjectively perceived level of 
"false-alarm harassment" was being reduced even 
though, as demonstrated by the resulting alarm data, 
the false-alarm rate for the overall unit remained 
relatively constant. Moreover, clinical personnel who 
were closely involved with the system application and 
data collection process over the entire period were 
generally unaware that a sharp increase in the 
number of true alarms had, in fact, occurred. 

On the other hand, a small but continuing reduc­
tion in the fraction of patients producing large 
numbers of false alarms was identified during the 
data analysis effort. These results, which are 
presented in Table 2, appear to correlate with the 
qualitative assessments of system utility provided by 
the users; they suggest that acceptance of the ar­
rhythmia detection system as a regular adjunct of pa­
tient care became more general after performance 
was improved so that a large fraction of the false 
alarms was being produced by only a very few iden­
tifiable patients. Observations at the central monitor 
stations suggest that, once these conditions are 
achieved, recurrent false alarms generally are of a 
few types at most. Thus, observing and checking 
them for validity by the monitor watch does not 
materially interfere with the continued monitoring of 
other patients. On the other hand, when the false 
alarms are more generally distributed over all 
monitored patients, the same total number of alarms 
appears to be much less easily tolerated. 

These observations also suggest strongly that the 
fraction of patients producing large numbers of false 
alarms, or some similar measure, may be a better pre­
dictor of system effectiveness in the clinical environ­
ment than the measures (e.g., fraction of beats cor­
rectly identified) currently in vogue with system de­
signers and suppliers. 
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Table 2 

PERCENTAGE OF PATIENTS WHO PRODUCE LARGE 
NUMBERS OF FALSE ALARMS VERSUS SOFTWARE 

REVISION NUMBER 

Revision Number 

5 (prior to correction 
of noise artifact 
problem) 

7 (after noise artifact 
revision) 

9 (start of perfor-
mance evaluation) 

18 (end of perfor-
mance evaluation) 

REFERENCES 

Percentage oj Patients Who 
Exhibit an Average Fafse-A farm 

Rate oJ 
>50perDay > lOOper Day 

55 29 

15 8 

15 7 

12 5 
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