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(57) ABSTRACT 
(76) Inventors: Jim MOON, Portland, OR (US); _ _ _ _ _ 

Henk VISSER San Diego CA The 1nvent1on prov1des a body-Worn momtor featuring a pro 
(US)_ Robert ?UNT Vista; CA cessing system that receives a digital data stream from an 
(Us)? Devin MCCON’IBIE ’S0lana ECG system. A cable houses the ECG system at one terminal 
B 11 CA (Us) M h I’ end, and plugs into the processing system, Which is Worn on 
DEIICL’LON S ’D. ars 2A Us _ the patient’s Wrist like a conventional Wristwatch. The ECG 

’ an . lego’ ( )’ system features: i) a connecting portion connected to multiple 
Matt BANET’ Klhel’ HI (Us) electrodes Worn by the patient; ii) a differential ampli?er that 

receives electrical signals from each electrode and process 
(21) Appl. No.: 12/560,104 them to generate an analog ECG Waveform; iii) an analog-to 

digital converter that converts the analog ECG Waveform into 

(22) Filed: sep_ 15, 2009 a digital ECG Waveform; and iv) a transceiver that transmits 
a d1g1tal data stream representing the d1g1tal ECG Waveform 

P bl_ _ Cl _? _ (or information calculated from the Waveform) through the 
u lcatlon assl canon cable and to the processing system. Different ECG systems, 

(51) Int, Cl, typically featuring three, ?ve, or tWelve electrodes, can be 
A61B 5/021 (2006,01) interchanged With one another. 
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BODY-WORN VITAL SIGN MONITOR 

CROSS REFERENCES TO RELATED 
APPLICATIONS 

[0001] Not Applicable 

STATEMENT REGARDING FEDERALLY 
SPONSORED RESEARCH OR DEVELOPMENT 

[0002] Not Applicable 

BACKGROUND OF THE INVENTION 

[0003] 1. Field of the Invention 
[0004] The present invention relates to medical devices for 
monitoring vital signs, e.g., arterial blood pressure. 
[0005] 2. Description of the Related Art 
[0006] Conventional vital sign monitors are used through 
out the hospital, and are particularly commonplace in high 
acuity areas such as the intensive care unit (ICU), emergency 
department (ED), or operating room (OR). Patients in these 
areas are generally sick and require a relatively high degree of 
medical attention. The ratio betWeen medical professionals 
and patient in these areas is typically high compared to loWer 
acuity areas of the hospital. Even in such areas, hoWever, it is 
still common practice for medical professionals to measure 
vital signs such as blood pressure, respiratory rate, oxygen 
saturation (SpO2), heart rate, and temperature. Monitoring of 
these parameters is typically done With portable or Wall 
mounted vital sign monitors. It can be dif?cult to effectively 
monitor patients in this Way, hoWever, because they are often 
ambulatory and not constrained to a single hospital room. 
This poses a problem for conventional vital sign monitors, 
Which are typically heavy and unWieldy, as they are not 
intended for the ambulatory population. Some companies 
have developed ambulatory vital sign monitors With limited 
capabilities (e.g. cuff-based blood pressure using oscillom 
etry and SpO2 monitoring), but typically these devices only 
make intermittent, rather than continuous, measurements. 
And even these measurements tend to Work best on stationary 
patients, as they are easily corrupted by motion-related arti 
facts. 

[0007] Blood pressure is a vital sign often considered to be 
a good indicator of a patient’s health. In critical care environ 
ments like the ICU and OR, blood pressure can be continu 
ously monitored With an arterial catheter inserted in the 
patient’s radial or femoral artery. Alternatively, blood pres 
sure can be measured intermittently With a cuff using oscil 
lometry, or manually by a medical professional using auscul 
tation. Most vital sign monitors perform both the catheter and 
cuff-based measurements of blood pressure. Blood pressure 
can also be monitored continuously With a technique called 
pulse transit time (PTT), de?ned as the transit time for a 
pressure pulse launched by a heartbeat in a patient’s arterial 
system. PTT has been shoWn in a number of studies to cor 
relate to systolic (SYS), diastolic (DIA), and mean (MAP) 
blood pressures. In these studies, PTT is typically measured 
With a conventional vital signs monitor that includes separate 
modules to determine both an electrocardiogram (ECG) and 
SpO2. During a PTT measurement, multiple electrodes typi 
cally attach to a patient’s chest to determine a time-dependent 
ECG component characteriZed by a sharp spike called the 
‘QRS complex’. The QRS complex indicates an initial depo 
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lariZation of ventricles Within the heart and, informally, marks 
the beginning of the heartbeat and a pressure pulse that fol 
loWs. 
[0008] SpO2 is typically measured With a bandage or 
clothespin-shaped sensor that clips to a patient’s ?nger and 
includes optical systems operating in both the red and infra 
red spectral regions. A photodetector measures radiation 
emitted from the optical systems that transmits through the 
patient’s ?nger. Other body sites, e.g., the ear, forehead, and 
nose, can also be used in place of the ?nger. During a mea 
surement, a microprocessor analyses both red and infrared 
radiation detected by the photodetector to determine the 
patient’s blood oxygen saturation level and a time-dependent 
Waveform called a photoplethysmograph (PPG). Time-de 
pendent features of the PPG indicate both pulse rate and a 
volumetric absorbance change in an underlying artery caused 
by the propagating pressure pulse. 
[0009] Typical PTT measurements determine the time 
separating a maximum point on the QRS complex (indicating 
the peak of ventricular depolarization) and a foot of the PPG 
Waveform (indicating the beginning the pressure pulse). PTT 
depends primarily on arterial compliance, the propagation 
distance of the pressure pulse (Which is closely approximated 
by the patient’s arm length), and blood pressure. To account 
for patient-dependent properties, such as arterial compliance, 
PTT-based measurements of blood pressure are typically 
‘calibrated’ using a conventional blood pressure cuff and 
oscillometry. Typically during the calibration process the 
blood pressure cuff is applied to the patient, used to make one 
or more blood pressure measurements, and then left for future 
measurements. Going forWard, the calibration measurements 
are used, along With a change in PTT, to continuously mea 
sure the patient’s blood pressure (de?ned herein as ‘cNIBP’). 
PTT typically relates inversely to blood pressure, i.e., a 
decrease in PTT indicates an increase in blood pressure. 
[0010] A number of issued US. patents describe the rela 
tionship betWeen PTT and blood pressure. For example, US. 
Pat. Nos. 5,316,008; 5,857,975; 5,865,755; and 5,649,543 
each describe an apparatus that includes conventional sensors 
that measure an ECG and PPG, Which are then processed to 
determine PTT. US. Pat. No. 5,964,701 describes a ?nger 
ring sensor that includes an optical system for detecting a 
PPG, and an accelerometer for detecting motion. 

SUMMARY OF THE INVENTION 

[0011] To improve the safety of hospitaliZed patients, par 
ticularly those in loWer-acuity areas, it is desirable to have a 
body-Wom monitor that continuously measures a plurality of 
vital signs from a patient, and Wirelessly transmits these 
directly to a nurse or to a central nursing station. Preferably 
the monitor operates algorithms featuring: 1) a loW percent 
age of false positive alarms/alerts; and 2) a high percentage of 
true positive alarms/alerts. The term ‘alann/alert’, as used 
herein, refers to an audio and/ or visual alarm generated 
directly by a monitor Worn on the patient’s body, or altema 
tively a remote monitor (e.g., a central nursing station). To 
accomplish this, the invention provides a body-Worn monitor 
that measures a patient’s vital signs (e.g. blood pressure, 
SpO2, heart rate, respiratory rate, and temperature) While 
simultaneously characteriZing their activity state (eg rest 
ing, Walking, convulsing, falling) and posture (upright, 
supine). The body-Worn monitor processes this information 
to minimize corruption of the vital signs and associated 
alarms/alerts by motion-related artifacts. 
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[0012] The body-Wom monitor can include a software 
framework that generates alarms/alerts based on threshold 
values that are either preset or determined in real time. The 
framework additionally includes a series of ‘heuristic’ rules 
that take the patient’s activity state and motion into account, 
and process the vital signs accordingly. These rules, for 
example, indicate that a Walking patient is likely breathing 
and has a regular heart rate, even if their motion-corrupted 
vital signs suggest otherWise. 
[0013] The body-Wom monitor features a series of sensors 
that attach to the patient to measure time-dependent PPG, 
ECG, accelerometer-based motion (ACC), oscillometric 
(OSC), respiratory rate (RR), and impedance pneumography 
(IP) Waveforms. A microprocessor (CPU) Within the monitor 
continuously processes these Waveforms to determine the 
patient’s vital signs, degree of motion, posture and activity 
level. Sensors that measure these signals typically send digi 
tiZed information to a Wrist-Worn transceiver through a serial 
interface, or bus, operating on a controlled area netWork 
(CAN) protocol. The CAN bus is typically used in the auto 
motive industry, Which alloWs different electronic systems to 
effectively and robustly communicate With each other With a 
small number of dropped packets, even in the presence of 
electrically noisy environments. This is particularly advanta 
geous for ambulatory patients that may generate signals With 
large amounts of motion-induced noise. 
[0014] Bloodpressure, avital sign that is particularly useful 
for characterizing a patient’s condition, is typically calculated 
from a PTT value determined from the PPG and ECG Wave 
forms. Once determined, blood pressure and other vital signs 
can be further processed, typically With a server Within a 
hospital, to alert a medical professional if the patient begins to 
decompensate. 
[0015] In other embodiments, PTT can be calculated from 
time-dependent Waveforms other than the ECG and PPG, and 
then processed to determine blood pressure. In general, PTT 
can be calculated by measuring a temporal separation 
betWeen features in tWo or more time-dependent Waveforms 
measured from the human body. For example, PTT can be 
calculated from tWo separate PPGs measured by different 
optical sensors disposed on the patient’s ?ngers, Wrist, arm, 
chest, or virtually any other location Where an optical signal 
can be measured using a transmission or re?ection-mode 
optical con?guration. In other embodiments, PTT can be 
calculated using at least one time-dependent Waveform mea 
sured With an acoustic sensor, typically disposed on the 
patient’s chest. Or it can be calculated using at least one 
time-dependent Waveform measured using a pressure sensor, 
typically disposed on the patient’s bicep, Wrist, or ?nger. The 
pressure sensor can include, for example, a pressure trans 
ducer, pieZoelectric sensor, actuator, polymer material, or 
in?atable cuff. 
[0016] In one aspect, the invention provides a body-Worn 
monitor featuring a processing system that receives a digital 
data stream from an ECG system. A cable houses the ECG 
system at one terminal end, and plugs into the processing 
system, Which is typically Worn on the patient’s Wrist like a 
conventional Wristwatch. Speci?cally, the ECG system fea 
tures: i) a connecting portion connected to multiple electrodes 
Worn by the patient; ii) a differential ampli?er that receives 
electrical signals from each electrode and process them to 
generate an analog ECG Waveform; iii) an analog-to-digital 
converter that converts the analog ECG Waveform into a 
digital ECG Waveform; and iv) a transceiver that transmits a 
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digital data stream representing the digital ECG Waveform (or 
information calculated from the Waveform) through the cable 
and to the processing system. Different ECG systems, pref 
erably featuring three, ?ve, or tWelve electrodes, can be inter 
changed With one another. 

[0017] In embodiments, the ECG system features a single 
chip solution for determining ECG and IP Waveforms, heart 
rate, respiratory rate, error codes, and diagnostic information 
such as ventricular tachycardia (VTAC), ventricular ?brilla 
tion (VFIB), and premature ventricular contractions (PVCs). 
A mechanical housing enclosing the ECG system can addi 
tionally house a motion-detecting sensor (eg a three-axis 
digital accelerometer) and a temperature sensor (eg a ther 
mocouple). The cable features at least one conductor (and 
typically tWo conductors) that transmits both a ?rst digital 
data stream representing the digital ECG Waveform and a 
second digital data stream representing a digital motion 
Waveform (e.g. anACC Waveform) generated by the acceler 
ometer. Both digital data streams typically include a header 
portion indicating the source of the data stream, and a data 
portion that includes any relevant information. For the ECG 
system, such information includes an ECG Waveform, heart 
rate, an error code, and a physiological state corresponding to 
the patient (e.g. VTAC, VFIB, PVCs). The data portion cor 
responding to the accelerometer includes information such as 
the ACC Waveform, degree of motion, posture, and an activity 
level corresponding to the patient. 
[0018] In another aspect, the system described above also 
features an oscillometry system that includes: i) a cuff, typi 
cally Worn on the patient’s arm to apply a pressure; ii) a 
pneumatic system that in?ates the cuff and detects pressure 
therein to generate an analog oscillometric Waveform; iii) an 
analog-to-digital converter that converts the analog oscillo 
metric Waveform into a digital oscillometric Waveform; iv) a 
transceiver component that transmits a digital oscillometric 
data stream representing the digital oscillometric Waveform 
(or values calculated therefrom) through a second serial port 
and to the processing system. In this case the digital oscil 
lometry data stream features a header portion that indicates 
the origin of the packet, and a data portion that includes 
information such as a pressure Waveform, blood pressure, 
heart rate, error codes, and a physiological state correspond 
ing to the patient. 
[0019] The system can also connect through one of its serial 
ports to an ancillary third system that can be, for example, a 
system that delivers a compound or other therapeutic inter 
vention to the patient, or that can gather other data from the 
patient. Such systems include infusion pumps, insulin pumps, 
hemodialysis machines, glucometers, and systems for deliv 
ering oxygen, such as a mechanical ventilator. This list is not 
meant to be limiting. In the case of a therapeutic compound, 
the data portion of the packet can indicate the type of com 
pound delivered to the patient, a do sage of the compound, and 
a rate of delivery of the compound. The third system can also 
be a sensor con?gured to measure a signal from the patient. 
Such sensors include, for example, a pulse oximeter, EEG 
monitor, temperature sensor, respiratory rate sensor, motion 
sensor, camera, impedance plethysmography sensor, optical 
spectrometer, and skin-conductance sensor. Again, this list is 
not meant to be limiting. Here, the data portion of the packet 
can include Waveform information, heart rate, pulse rate, 
SpO2 value, EEG Waveform, temperature, respiratory rate, 
degree of motion, posture, activity level, arm height, an 






























