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Introduction

Objectives

n The EarlySense™ system is a contact-free piezoelectric sensor placed under

To examine (retrospectively) the process of end-of-life as
seen through continuous monitoring of

the mattress that provides validated accurate continuous measurement of
heart rate, respiration rate, and body motion.
n The piezoelectric sensor records a superposition of body motion, chest wall

movement, and cardio-ballistic recoil of the body. The later 2 are related to
respiration effort and stroke volume respectively.
n It has been established that patients frequently demonstrate clinical signs

1. Respiration rate (RR) and chest wall movement
2. Heart rate (HR) and pulse amplitude
3. Body motion.

of deterioration hours before cardiac/respiratory arrest or urgent transfers
to intensive care units (ICU).

Methods
n A retrospective analysis of data collected in a double-controlled group study

conducted on the medical-surgical service of a 316 bed urban acute care
community hospital.
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n EarlySense monitors were implemented in a 33-bed medical-surgical unit,

including bed side monitors, central nurse station display and pagers for
nurses, for a 9-month period (Nov 09’-July 10’) with overall 2,314 patients.
n Waveform were recorded 24/7, and included vital signs, a measure of respiration

effort, and measurement of the cardio-ballistic effect which is proportional to
changes in stroke volume.
n Abnormal patterns in recordings of Do Not Attempt Resuscitation (DNAR)

patients and patients that died unexpectedly were compared to patterns
in recordings of patients that were discharged home.
n An automated algorithm for end-of-life detection was tested on a data set

of 4224 records.

Figure 1: Normal patient trend –
discharged home

Figure 2: A patient that “crashed”

Results
n Normal trends for a patient in a med/surg unit are presented in Figure 1.
n For patients undergoing deterioration towards end-of-life, we found 3 different

characteristic paths:
1. ‘Crash’ - a rapid path of deterioration, where the patient vital signs (HR & RR)
decreased continuously and consistently, within minutes, from stable values
to very low values. In some examples we saw a decrease of heart rate that
was followed by a complete cessation of respiration and pulse.
2. ‘Fade’ - the second path of deterioration occurred in a period of a few
dozens of minutes. It was characterized by a gradual decrease in
physiological parameters. The most prominent was the pulse amplitude
which correlates strongly with stroke volume and pulse wave velocity. In
some cases HR, chest wall movement, and body motion decreased as well.
3. ‘Gasp’ - the third path was characterized by gasp breathing. This breathing may
persist for hours, however respiratory-rate became non regular, and un-defined
near the end. Contrary to respiration, heart rate continued almost regularly till
the very end. In some cases body motion decreased and sometimes we saw
concomitant pulse amplitude (stroke volume) fading.
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Figure 3: A patient “fading”

Figure 4: A patient with “gasps”

n For a test set of 4224 records, an automated detection indicator for end-of-life

was tested and resulted in 58% sensitivity and positive predictive value of 36%.

Conclusion
n Using contact-free continuous measurement of vital signs, including body

motion, chest wall movement and stroke volume, allows enhanced monitoring
of DNAR patients without the burden of being hooked up and wired. It allows
the nurse to closely follow and manage comfort measures for these patients.
It might also be helpful in recognizing unexpected events

Table 1:
Test data set results for auto detection of End-of-life, based on
the 3 paths-of-deterioration.
Auto – detection
Yes

Event occurred?
No

Positive

14

25			

PPV = 36%

Negative

10

4,175

NPV = 99%

Sensitivity = 58%

Specificity = 99%

