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(57) ABSTRACT 
(73) Assignee: SOTERAWIRELESS, INC., San 

Diego, CA (US) The invention provides a body-worn vital sign monitor that 
measures a patient's vital signs (e.g. blood pressure, SpO2, 
heart rate, respiratory rate, and temperature) while simulta 

(21) Appl. No.: 12/762,790 neously characterizing their activity state (e.g. resting, walk 
ing, convulsing, falling) and posture (upright, Supine). The 

(22) Filed: Apr. 19, 2010 monitor processes this information to minimize corruption of 
the vital signs and associated alarms/alerts by motion-related 

Related U.S. Application Data artifacts. It also features a graphical user interface (GUI) 
rendered on a touchpanel display that facilitates a number of 

(60) Provisional application No. 61/312,624, filed on Mar. features to simplify and improve patient monitoring and 
10, 2010. safety in both the hospital and home. 
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BODY WORN VITAL SIGN MONITOR 

CROSS REFERENCES TO RELATED 
APPLICATIONS 

0001. This application claims the benefit of U.S. Provi 
sional Application No. 61/312,624, filed Mar. 10, 2010, 
entitled “BODY-WORN VITAL SIGN MONITOR, which 
is incorporated herein in its entirety. 
0002. STATEMENT REGARDING FEDERALLY 
SPONSORED RESEARCH ORDEVELOPMENT 
0003) Not Applicable 

BACKGROUND OF THE INVENTION 

0004. 1. Field of the Invention 
0005. The present invention relates to medical devices for 
monitoring vital signs, e.g., arterial blood pressure. 
0006 2. Description of the Related Art 
0007 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 high degree of medical 
attention, typically provided by a relatively high ratio of 
clinicians compared to lower-acuity areas of the hospital. 
Outside the ICU and OR, clinicians typically measure vital 
signs such as Systolic, diastolic, and mean arterial blood pres 
sures (SYS, DIA, MAP), respiratory rate (RR), oxygen satu 
ration (SpO2), heart rate (HR), and temperature (TEMP) with 
portable or wall-mounted vital sign monitors. It can be diffi 
cult to effectively monitor patients in this way, however, 
because measurements are typically made every few hours, 
and the patients 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. To 
make a measurement, a patient is typically tethered to the 
monitor with a series of tubes and wires. 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. 
0008 Most vital signs monitors feature a user interface 
that shows numerical values and waveforms associated with 
the vital signs, alarm parameters, and a service menu that 
can be used to calibrate and maintain the monitor. Some 
monitors have internal wireless cards that communicate with 
a hospital network, typically using protocols such as 802.11b/ 
9. 
0009. One of the most important parameters measured 
with vital signs monitors is blood pressure. In critical care 
environments like the ICU and OR, blood pressure can be 
continuously monitored with an arterial catheter inserted in 
the patient's radial or femoral artery. Alternatively, blood 
pressure can be measured intermittently with a cuff using 
oscillometry, or manually by a clinician using auscultation. 
Most vital sign monitors perform both catheter and cuff 
based measurements of blood pressure. Blood pressure can 
also be monitored continuously with a technique called pulse 
transit time (PTT), defined as the transit time for a pressure 
pulse launched by a heartbeat in a patient's arterial system. 
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PTT has been shown in a number of studies to correlate to 
SYS, DIA, and MAP. In these studies, PTT is typically mea 
Sured with a conventional vital signs monitor that includes 
separate modules to determine both an electrocardiogram 
(ECG) and SpO2. During a PTT measurement, multiple elec 
trodes typically 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 depolarization of ventricles within the heart and, 
informally, marks the beginning of the heartbeat and a pres 
sure pulse that follows. 
0010 SpO2 is typically measured with a bandage or 
clothespin-shaped sensor that clips to a patient's finger 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 finger. Other body sites, e.g., the ear, forehead, and 
nose, can also be used in place of the finger. 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. 
0011 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 measure the patient's 
continuous blood pressure (cNIBP). PTT typically relates 
inversely to blood pressure, i.e., a decrease in PTT indicates 
an increase in blood pressure. 
0012. A number of issued U.S. Patents describe the rela 
tionship between PTT and blood pressure. For example, U.S. 
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 both ECG and PPG waveforms which are then 
processed to determine PTT. 

SUMMARY OF THE INVENTION 

0013 To improve the safety of hospitalized patients, par 
ticularly those in lower-acuity areas, it is desirable to have a 
body-worn monitor that continuously measures all vital signs 
from a patient, provides tools for effectively monitoring the 
patient, and wirelessly communicates with a hospital's infor 
mation technology (IT) network. Preferably the monitor 
operates algorithms featuring: 1) a low percentage of false 
positive alarms/alerts; and 2) a high percentage of true posi 
tive alarms/alerts. The term "alarm/alert, as used herein, 
refers to an audio and/or visual alarm generated directly by a 
monitor worn on the patient's body, or alternatively a remote 
monitor (e.g., a central nursing station). To accomplish this, 
the invention provides a body-worn monitor that measures a 
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patient's vital signs (e.g. cn IBP, SpO2, HR, RR, and TEMP) 
while simultaneously characterizing their activity state (e.g. 
resting, 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. 
0014. The body-worn monitor features a graphical user 
interface (GUI) rendered on a touchpanel display that facili 
tates a number of features to simplify and improve patient 
monitoring and safety in both the hospital and home. For 
example, the monitor features a battery-powered, wrist-worn 
transceiver that processes motion-related signals generated 
with an internal motion sensor (e.g. an accelerometer). When 
the transceiver's battery runs low, the entire unit can be 
Swapped out by simply bumping the original transceiver 
with a new one having a fully charged battery. Accelerom 
eters within the transceivers detect the bump, digitize the 
corresponding signals, and wirelessly transmit them to a 
patient data server (PDS) within the hospital's network. 
There, the signals are analyzed and patient information (e.g. 
demographic and vital sign data) formerly associated with the 
original transceiver is re-associated with the new transceiver. 
A clinician can view the data using a computer functioning as 
a remote viewing device (RVD). Such as a conventional com 
puter on wheels (COW). 
0015 The body-worn monitor additionally includes a 
speaker, microphone, and Software that collectively facilitate 
voice over IP (VOIP) communication. With these features, 
the wrist-worn transceiver can be used as a two-way commu 
nicator allowing, e.g., the patient to alert a clinician during a 
time of need. Additionally, during medical procedures or 
diagnoses, the clinician can enunciate annotations directly 
into the transceiver. These annotations along with vital sign 
information are wirelessly transmitted to the PDS and ulti 
mately a hospital's electronic medical records (EMR) system, 
where they are stored and used for post-hoc analysis of the 
patient. In a related application, the transceiver includes a 
barcode scanner that, prior to administering medications, 
scans barcodes associated with the patient, clinician, and 
medications. The transceiver sends the decoded barcode 
information back to the PDS, where a software program ana 
lyzes it to determine that there are no errors in the medication 
or the rate at which it is delivered. A signal is then sent from 
the PDS to the GUI, clearing the clinician to administer the 
medications. 

0016. The body-worn monitor can determine a patient's 
location in addition to their vital signs and motion-related 
properties. Typically, the location-determining sensor and the 
wireless transceiver operate on a common wireless system, 
e.g. a wireless system based on 802.11a/b/g/n, 802.15.4, or 
cellular protocols. In this case a location is determined by 
processing the wireless signal with one or more algorithms 
known in the art. These include, for example, triangulating 
signals received from at least three different wireless base 
stations, or simply estimating a location based on signal 
strength and proximity to a particular base station. In still 
other embodiments the location sensor includes a conven 
tional global positioning system (GPS). 
0017. VOIP-based communications typically take place 
between the body-worn monitor and a remote computer or 
telephone interfaced to the PDS. The location sensor, wireless 
transceiver, and first and second Voice interfaces can all oper 
ate on a common wireless system, such as one of the above 
described systems based on 802.11 or cellular protocols. In 
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embodiments, the remote computer, for example, can be a 
monitor that is essentially identical to the transceiver worn by 
the patient, and can be carried or worn by a clinician. In this 
case the monitor associated with the clinician features a dis 
play wherein the user can select to display information (e.g. 
Vital signs, location, and alarms) corresponding to a particular 
patient. This monitor can also include a Voice interface so the 
clinician can communicate with the patient. 
0018. The wrist-worn transceiver's touchpanel display 
can render a variety of different GUIs that query the patient 
for their pain level, test their degree of mentation, i.e. mental 
activity, and perform other functions to assist and improve 
diagnosis. Additionally, the transceiver Supports other GUIs 
that allow the patient to order food within the hospital, change 
the channel on their television, select entertainment content, 
play games, etc. To help promote safety in the hospital, the 
GUI can also render a photograph or video of the patientor, in 
the case of neo-natal patients, their family members. 
0019. The body-worn 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. 
0020. The body-worn monitor features a series of sensors 
that attach to the patient to measure time-dependent PPG, 
ECG, ACC, oscillometric (OSC), and impedance pneumog 
raphy (IP) waveforms. A microprocessor (CPU) within the 
monitor continuously processes these waveforms to deter 
mine the patient's vital signs, degree of motion, posture and 
activity level. Sensors that measure these signals typically 
send digitized information to the 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 automotive industry, and 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 particu 
larly advantageous for ambulatory patients that may generate 
signals with large amounts of motion- induced noise. 
0021 Blood pressure is determined continuously and non 
invasively using a technique, based on PTT, which does not 
require any source for external calibration. This technique, 
referred to herein as the Composite Technique, determines 
blood pressure using PPG, ECG, and OSC waveforms. The 
Composite Technique is described in detail in the co-pending 
patent application, the contents of which are fully incorpo 
rated herein by reference: BODY-WORN SYSTEM FOR 
MEASURING CONTINUOUS NON-INVASIVE BLOOD 
PRESSURE (CNIBP) (U.S. Ser. No. 12/630,354; filed Nov. 
15, 2009). 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 fingers, wrist, arm, 
chest, ear, or virtually any other location where an optical 
signal can be measured using a transmission or reflection 
mode optical configuration. In other embodiments, PTT can 
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be calculated using at least one time-dependent waveform 
measured 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 finger. The 
pressure sensor can include, for example, a pressure trans 
ducer, piezoelectric sensor, actuator, polymer material, or 
inflatable cuff. 

0022 Specifically, in one aspect, the invention provides a 
method for monitoringapatient featuring the following steps: 
(a) associating a first set of vital sign information measured 
from the patient with a first transceiver that includes a first 
motion sensor; (b) storing the first set of vital sign information 
in a computer memory; (c) contacting the first transceiver 
with a second transceiver that includes a second motion sen 
Sor, the contacting causing the first motion sensor to generate 
a first motion signal and the second motion sensor to generate 
a second motion signal; (d) processing the first and second 
motion signals to determine that the first transceiver is to be 
replaced by the second transceiver, and (e) associating a 
second set of vital sign information with the patient, the 
second set of vital sign information measured with the second 
transceiver. 

0023. In embodiments, both the first and second motion 
sensors are accelerometers that generate time-dependent 
waveforms (e.g. ACC waveforms). Contacting the two trans 
ceivers typically generates waveforms that include individual 
pulses (e.g. a sharp spike) caused by rapid acceleration and 
deceleration detected by the respective accelerometers. Typi 
cally the pulses are within waveforms generated along the 
same axes in both transceivers. The pulses can be collectively 
processed (using, e.g., an autocorrelation algorithm) to deter 
mine that they are generated during a common period of time. 
In embodiments, amplitudes of the first and second pulses are 
required to exceed a pre-determined threshold value in order 
for the second transceiver to replace the first transceiver. 
Pulses that meet this criterion are wirelessly transmitted to a 
remote server, where they are processed as described above. 
If the server determines that the second transceiver is ready to 
replace the first transceiver, it transmits instruction informa 
tion to the transceivers to guide the replacement process. This 
instruction information, for example, is displayed by the 
GUIs of both transceivers. Once the replacement process is 
complete, vital sign information measured by the second 
transceiver is stored along with that measured by the first 
transceiver in a computer memory (e.g. a database) on the 
remote computer. The vital sign information can include con 
ventional vital signs (e.g. HR, SYS, DIA, RR, and TEMP), 
along with the time-dependent waveforms used to calculate 
the vital signs (e.g. PPG, ECG, OSC, IP) and motion-related 
properties (ACC). Patient demographic information (e.g. 
name, gender, weight, height, date of birth) can also be asso 
ciated with both the first and second sets of vital sign infor 
mation. 

0024. In another aspect, the invention provides a method 
for pairing a patient monitor with a remote display device 
(e.g. an RVD) using a methodology similar to that described 
above. The display device is typically a portable display 
device (e.g. a personal digital assistant, or PDA), or a remote 
computer, Such as a COW or central nursing station. The 
method includes the following steps: (a) contacting either a 
display device or an area proximal to the display device with 
the transceiver to generate a motion signal with its internal 
accelerometer; (b) transmitting the motion signal to a com 
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puter; (c) processing the motion signal with the computer to 
associate the transceiver with the display device; (d) measur 
ing a set of vital sign information from the patient with the 
transceiver; and (e) displaying the set of vital sign informa 
tion on the display device. Here, the act of contacting the 
display device with the transceiver generates a pulse in the 
ACC waveform, as described above. Processing done by the 
computer analyzes both the pulse and a location of the display 
device to associate it with the transceiver. 

0025 Several methods can be used to determine the loca 
tion of the display device. For example, the wireless trans 
mitter within the transceiver is configured to operate on a 
wireless network, and algorithms operating on the remote 
computer and can analyze signals between the transceiver and 
wireless access points within the network (e.g. RSSI signals 
indicating signal strength) to determine an approximate loca 
tion of the transceiver and thus the display device which it 
contacts. In embodiments the algorithms can involve, e.g., 
triangulating at least three RSSI values, or simply estimating 
location by determining the nearest access point from a single 
RSSI value. Triangulation typically involves using a map grid 
that includes known locations of multiple wireless access 
points and display devices within a region of the hospital; the 
map grid is determined beforehand and typically stored, e.g., 
in a database. For example, the approximate location of the 
transceiver can be determined using triangulation. Then the 
nearest display device, lying with a known location within a 
pre-determined radius, is paired with the transceiver. Typi 
cally the pre-determined radius is between 1-5 m. 
0026. In another aspect, the invention provides a body 
worn monitor including first and second sensors attached to 
the patient, and a processing component that interfaces to 
both sensors and processes signals from them to calculate at 
least one vital sign value. A wireless transmitter receives the 
Vital sign value and transmits it over a wireless interface, and 
additionally provides a two-way communications system 
configured to transmit and receive audio signals over the same 
wireless interface. In embodiments, the two-way communi 
cations system includes a speaker and a microphone, both of 
which are integrated into the transceiver. Typically the wire 
less interface is a hospital-based wireless network using an 
802.11 protocol (e.g. 802.11a/b/g/n). A VOIP system typi 
cally runs on the wireless network to Supply two-way Voice 
communications. Alternatively the wireless network is based 
on a cellular protocol, such as a GSM or CDMA protocol. 
0027 Typically the body-worn monitor features a wrist 
worn transceiver that functions as a processing component, 
and includes a touchpanel display configured to render both 
patient and clinician interfaces. The touchpanel display is 
typically a liquid crystal display (LCD) or organic light 
emitting diode display (OLED) display with a clear touch 
panel utilizing established resistive or capacitive technolo 
gies adhered to its front surface. The patient interface is 
typically rendered by default, and includes a graphical icon 
that, when initiated, activates the two-way communications 
system. The clinician interface typically requires a security 
code (entered using either a soft numerical keypad or 
through a barcode scanner) to be activated. The transceiver 
typically includes a strap configured to wrap around the 
patient's arm, and most typically the wrist; this allows it to be 
worn like a conventional wristwatch, which is ideal for two 
way communications between the patient and a clinician. 
0028. In a related aspect, the invention provides a wrist 
worn transceiver wherein the two-way communications sys 
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tem described above, or a version thereof, is used as a voice 
annotation system. Such a system receives audio signals 
(typically from a clinician), digitizes them, and transmits the 
resulting digital audio signals, or a set of parameters deter 
mined from these signals, over the wireless interface to a 
computer memory. The audio signals are typically used to 
annotate vital sign information. They can be used, for 
example, to indicate when a pharmaceutical compound is 
administered to the patient, or when the patient undergoes a 
specific therapy. Typically the Voice annotation uses the same 
speaker used for the two-way communication system. It also 
may include a speech-to-text converter that converts audio 
annotations from the clinician into text fields that can be 
easily stored alongside the vital sign information. In embodi 
ments, both a text field and the original audio annotation are 
stored in a computer memory (e.g. database), and can be 
edited once stored. In other embodiments, a pre-determined 
text field (indicating, e.g., that a specific medication is deliv 
ered at a time/date automatically determined by the trans 
ceiver) is used to annotate the vital sign information. In still 
other embodiments, a set of parameters determined from the 
digital audio signals can include an icon or a numerical value. 
Annotations in the database can be viewed afterwards using a 
GUI that renders both the vital sign information (shown, e.g., 
in a graphical form) and one or more of the annotations (e.g. 
icon, text field, numerical value, or voice annotation). 
0029. In another aspect, the invention provides a wrist 
worn transceiver featuring a GUI that the patient can use to 
indicate their level of pain. Here, the GUI typically includes a 
touchpanel display configured to render a set of input fields, 
with each input field in the set indicating a different level of 
pain. Once contacted, the input fields generate a signal that is 
processed to determine the patient’s level of pain. This signal 
can be further processed and then wirelessly transmitted to a 
remote computer for follow-on analysis. 
0030. In embodiments, the touchpanel display features a 
touch-sensitive area associated with each input field that gen 
erates a digital signal (e.g. a number) after being contacted. 
Each input field is typically a unique graphical icon Such as a 
cartoon or numerical value indicating an escalating level of 
pain. The transceiver can also include a Voice annotation 
system similar to that described above so the patient can 
specifically describe their pain (e.g. its location) using their 
own voice. This information can be wirelessly transmitted to 
a remote computer (e.g. a PDS) featuring a display device 
(e.g. an RVD). This system can render both vital sign infor 
mation and a parameter determined from the pain signal, and 
can additionally include an alarming system that activates an 
alarm if the pain signal or a parameter calculated therefrom 
exceeds a pre-determined threshold. 
0031. In a related aspect, the invention provides a wrist 
worn transceiver that includes a mentation sensor configured 
to collect data input characterizing the patient's level of men 
tation (e.g. mental acuity). This information, along with tra 
ditional vital signs and the waveforms they are calculated 
from, is wirelessly transmitted to a remote computer for 
analysis. In embodiments, the mentation sensor is a touch 
panel display that renders a GUI to collect information char 
acterizing the patient’s level of mentation. For example, the 
GUI can render a series of icons, a game, test, or any other 
graphical or numerical construct that can be used to evaluate 
mentation. In a specific embodiment, for example, the GUI 
includes a set of input fields associated with a numerical 
value. Here, the mentation test features an algorithm to 
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determine if the input fields are contacted by the patient in a 
pre-determined numerical order. Upon completion, the test 
results can be evaluated to generate a mentation score. In 
this aspect, the wrist-worn transceiver also includes a two 
way communication system that receives audio information 
from the patient. This audio information can be used for 
conventional communication purposes, and can additionally 
be analyzed to further gauge mentation. As in previous 
embodiments, the mentation score can be sent with vital sign 
information to a PDS/RVD for follow-on analysis. These 
systems may include an alarming system that generates an 
alarm if the mentation parameter or a parameter calculated 
therefrom exceeds a pre-determined threshold. 
0032. In another aspect, the invention provides a wrist 
worn transceiver featuring a motion sensor (e.g. an acceler 
ometer, mercury Switch, or tilt Switch) that generates a motion 
signal indicating the transceiver's orientation. The processing 
component within the transceiver processes the motion signal 
and, in response, orients the GUI so that it can be easily 
viewed in rightside up configuration, i.e. with text rendered 
in a conventional manner from left to right. If the transceiver 
is moved (e.g., so that it is viewed by a clinician instead of a 
patient), the accelerometers generate new motion signals, and 
the GUI is flipped accordingly. Typically, for example, the 
GUI is rendered in either a first orientation or a second ori 
entation, with the two orientations separated by 180 degs. 
and in some cases by 90 degs. In embodiments, the first 
orientation corresponds to a patient GUI, and the second 
orientation corresponds to a clinician GUI. This allows, for 
example, the appropriate GUI to be automatically rendered 
depending on the transceiver's orientation. The clinician GUI 
typically includes medical parameters, such as vital signs and 
waveforms, whereas the patient GUI typically includes non 
medical features, such as a nurse call button, time/date, and 
other components described in more detail below. 
0033. In preferred embodiments, the motion sensor is a 
3-axis accelerometer configured to generate a time-domain 
ACC waveform. During a measurement, the processing com 
ponent additionally analyzes the waveform to determine 
parameters such as the patient's motion, posture, arm height, 
and degree of motion. 
0034. In another aspect of the invention, the wrist-worn 
transceiver features a display device configured to render at 
least two GUIs, with the first GUI featuring medical content, 
and the second GUI featuring non-medical content relating to 
entertainment, food service, games, and photographs. The 
photograph, for example, can include an image of the patient 
or a relative of the patient; this latter case may be particularly 
useful in neo-natal hospital wards. To capture the photograph, 
the body-worn monitor may include a digital camera, or a 
wireless interface to a remote digital camera, such as that 
included in a portable computer or cellular telephone. 
0035. In other embodiments, the second GUI is configured 
to render menus describing entertainment content, Such as 
television (e.g. different channels or pre-recorded content), 
movies, music, books, and video games. In this case, the 
touchpanel display can be used to select the content or, in 
embodiments, play a specific game. The wireless transmitter 
within the transceiver is further configured to transmit and 
receive information from a remote server configured to store 
digital representations of these media sources. In still other 
embodiments, the second GUI is configured to display con 
tent relating to a food-service menu. Here, the wireless trans 
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mitter is further configured to transmit and receive informa 
tion from a remote server configured to interface with a food 
service system. 
0036. In another aspect, the invention provides a system 
for monitoring a patient that includes a vital sign monitor 
configured to be worn on the patient's body, and a remote 
computer. The vital sign monitor features connection means 
(e.g. a flexible strap or belt) configured to attach a transceiver 
to the patient's body, and sensor with a sensing portion (e.g. 
electrodes and an optical sensor) that attaches to the patient to 
measure vital sign information. A mechanical housing 
included in the transceiver covers a wireless decoder, process 
ing component, and wireless transmitter, and Supports a dis 
play component. The wireless decoder (e.g. a barcode scan 
ner or radio frequency identification (RFID) sensor) is 
configured to detect information describing a medication, a 
medication-delivery rate, a clinician, and the patient. For 
example, this information may be encoded in a barcode or 
RFID tag located on the patient, clinician, medication, or 
associated with an infusion pump. The processing component 
is configured to process: 1) the vital sign information to 
generate a vital sign and a time-dependent waveform; and 2) 
information received by the wireless decoder to generate 
decoded information. The wireless transmitter within the 
mechanical housing receives information from the process 
ing component, and transmits it to a remote computer. In 
response the remote computer processes the information and 
transmits an information-containing packet back to the vital 
sign monitor. 
0037. In embodiments, the remote computer performs an 
analyzing step that compares information describing both the 
medication and the patient to database information within a 
database. The database may include, for example, a list of 
acceptable medications and acceptable medication-delivery 
rates corresponding to the patient. In some cases both the vital 
sign information and the decoded information are collectively 
analyzed and compared to values in the database to affect 
treatment of the patient. For example, this analysis may deter 
mine that a patient with a low blood pressure should not 
receive medications that further lower their blood pressure. 
Or it may suggest changing a dosage level of the medication 
in order to compensate for a high heart rate value. In general, 
the remote computer can analyze one or more vital sign 
values corresponding to a patient, along with the patient's 
demographic information, medical history, and medications, 
and determine acceptable medications and medication-deliv 
ery rates based on this analysis. In response, the computer can 
transmit a packetback to the vital sign monitor, which renders 
its contents on the display. The packet can include a message 
confirming that a particular medication and medication-de 
livery rate are acceptable for the patient, and may also include 
a set of instructions for delivering the medication and per 
forming other therapies. 
0038 Still other embodiments are found in the following 
detailed description of the invention, and in the claims. 

BRIEF DESCRIPTION OF THE DRAWINGS 

0039 FIG. 1 is a schematic drawing showing the wrist 
worn transceiver of the invention attached to a patient's wrist; 
0040 FIGS. 2A and 2B show, respectively, schematic 
drawings of the wrist-worn transceiver of FIG. 1 oriented 
rightside up so that a patient can view the GUI, and upside 
down so that a clinician can view the GUI: 
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0041 FIG.3 shows a schematic drawing of the wrist-worn 
transceiver of FIG. 1 and a list of features available in both a 
patient GUI and a clinician GUI: 
0042 FIG. 4 shows a schematic drawing of the body-worn 
monitor featuring sensors for measuring ECG, PPG, ACC, 
OSC, and IP waveforms, and systems for processing these to 
determine a patient's vital signs; 
0043 FIG. 5 shows a schematic drawing of an IT configu 
ration of the invention where the body-worn monitor of FIG. 
4 is connected through a wireless network to a PDS and 
hospital EMR: 
0044 FIG. 6A and 6B show, respectively, schematic draw 
ings of a new transceiver having a fully charged battery being 
Swapped with an original transceiver having a depleted bat 
tery before and after deploying the bump methodology; 
0045 FIG. 7 shows a schematic drawing of transceivers 
undergoing the bump methodology of FIGS. 6A and 6B and 
wirelessly transmitting their ACC waveforms to the PDS for 
analysis; 
0046 FIG. 8 shows screen captures from a GUI used to 
guide a clinician through the bump methodology of FIGS. 
6A, 6B, and 7: 
0047 FIG. 9 shows a schematic drawing of a transceiver 
being bumped against a RVD in order to pair the two 
devices; 
0048 FIG. 10 shows a map indicating how the transceiver 
and RVD of FIG. 9 are paired to each other: 
0049 FIG. 11 shows a schematic drawing of the wrist 
worn transceiver of FIG. 1 being used for voice annotation of 
a patient's vital sign data; 
0050 FIG. 12 shows a schematic drawing of the wrist 
worn transceiver of FIG. 11 wirelessly transmitting voice 
annotations to the PDS for analysis: 
0051 FIG. 13 shows screen captures from a GUI used to 
guide a clinician through the Voice annotation methodology 
of FIGS. 11 and 12; 
0.052 FIG. 14 shows screen captures from a GUI used 
when the wrist-worn transceiver functions as a two-way com 
municator between the patient and a clinician; 
0053 FIG. 15 shows a screen capture from a GUI used to 
render a pain index' on the wrist-worn transceiver; 
0054 FIG. 16 shows a screen capture from a GUI used to 
render a mentation test on the wrist-worn transceiver; 
0055 FIG. 17 shows a screen capture from a GUI used to 
render a photograph of the patient on the wrist-worn trans 
ceiver; 
0056 FIG. 18 shows a screen capture from a GUI used to 
render a food menu on the wrist-worn transceiver; 
0057 FIG. 19 shows a screen capture from a GUI used to 
render a menu of television channels on the wrist-worn trans 
ceiver; 
0.058 FIG. 20 shows a schematic drawing of the barcode 
scanner in the wrist-worn transceiver Scanning barcodes asso 
ciated with a patient, clinician, and medication, and sending 
the decoded barcode information to the PDS: 
0059 FIGS. 21A and 21B show three-dimensional images 
of the body-worn monitor of FIG. 4 attached to a patient with 
and without, respectively, a cuff-based pneumatic system 
used for a calibrating indexing measurement; 
0060 FIGS. 22A and 22B show, respectively, three-di 
mensional images of the wrist-worn transceiver before and 
after receiving cables from other sensors within the body 
worn monitor, 
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0061 FIG. 23A shows a schematic drawing of a patient 
wearing the body-worn monitor of FIG. 21B and its associ 
ated sensors; 
0062 FIG. 23B shows graphs of time-dependent ECG, 
PPG, OSC, ACC, and IP waveforms generated with the body 
worn monitor and sensors of FIG. 23A, 
0063 FIG. 24 shows screen captures from a GUI used to 
render vital signs and ECG, PPG, and IP waveforms on the 
wrist-worn transceiver; 
0064 FIG. 25 shows a schematic drawing of the ACC, 
ECG, pneumatic, and auxiliary systems of the body-worn 
monitor communicating over the CAN protocol with the 
wrist-worn transceiver; 
0065 FIG. 26 shows an alternate IT configuration of the 
invention where the wrist-worn transceiver of FIG. 1 com 
municates with the PDS through a wireless access point con 
nected to the Internet; 
0066 FIG. 27 shows an alternate IT configuration of the 
invention where the wrist-worn transceiver of FIG. 1 com 
municates with the PDS through a wireless device connected 
to the Internet; and 
0067 FIG. 28 shows an alternate IT configuration of the 
invention where the wrist-worn transceiver of FIG. 1 com 
municates with the PDS through an internal cellular modem 
connected to the Internet. 

DETAILED DESCRIPTION OF THE INVENTION 

0068 System Overview 
0069 FIG. 1 shows a transceiver 72 according to the 
invention that attaches to a patient's wrist 66 using a flexible 
strap 90. The transceiver 72 connects through a first flexible 
cable 92 to a thumb-worn optical sensor 94, and through a 
second flexible cable 82 to an ECG circuit and a series of 
chest-worn electrodes (not shown in the figure). During a 
measurement, the optical sensor 94 and chest-worn elec 
trodes measure, respectively, time-dependent optical wave 
forms (e.g. PPG) and electrical waveforms (e.g. ECG and IP), 
which are processed as described below to determine vital 
signs and other physiological parameters such as cMIBP, 
SpO2, HR, RR, TEMP pulse rate (PR), and cardiac output 
(CO). Once measured, the transceiver 72 wirelessly transmits 
these and other information to a remote PDS and RVD. The 
transceiver 72 includes a touchpanel display that renders a 
GUI 50 which, in turn, displays the vital signs, physiological 
parameters, and a variety of other features described in detail 
below. Collectively, the transceiver 72 and GUI 50 incorpo 
rate many features that are normally reserved for non-medical 
applications into a body-worn vital sign monitor that continu 
ously monitors ambulatory patients as they move throughout 
the hospital. 
0070 The transceiver 72 includes an embedded acceler 
ometer that senses its motion and position, and in response 
can affect properties of the GUI. Referring to FIGS. 2A and 
2B, for example, time-resolved ACC waveforms from the 
accelerometer can be processed with a microprocessor within 
the transceiver to detectorientation of the touchpanel display. 
This information can then be analyzed to determine if it is the 
clinician or patient who is viewing the display. In response, 
the GUI can flip so that it is properly oriented (i.e. rightside 
up, as opposed to being upside down) for the viewer. For 
example, as shown in FIG. 2A, when the transceiver 72 is 
worn on the patient's right wrist 66 the internal accelerometer 
generates ACC waveforms that are processed by the micro 
processor to determine this orientation. The GUI 50A is 
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adjusted according so that it is always oriented with numbers 
and text arranged rightside up and read from left to right. 
When the patient's arm is rotated, as shown in FIG. 2B, the 
ACC waveforms change accordingly because the accelerom 
eter's axes are Swapped with respect to gravity. Such a situa 
tion would occur, for example, if a clinician were to orient the 
patient's arm in order read the transceiver's display. In this 
case, the ACC waveforms are processed to determine the new 
orientation, and the GUI 50B is flipped so it is again rightside 
up, and can be easily read by the clinician. 
(0071. The internal accelerometer can also detect if the 
transceiver is bumped by an external object. In this case, the 
ACC waveform will feature a sharp spike generated by rapid 
acceleration and deceleration caused by the bumping process. 
As described in detail below, such a bumping process can 
serve as a fiducial marker that initiates a specific event related 
to the transceiver, such as a battery Swap or process that 
involves pairing the transceiver to an external wireless system 
or display. 
0072 The accelerometer within the transceiver, when 
combined with other accelerometers within the body-worn 
monitor, can also be used to determine the patient's posture, 
activity level, arm height and degree of motion, as described 
in detail below. Use of one or more accelerometers to detect 
Such motion-related activities is described, for example, in 
the following patent applications, the contents of which are 
incorporated herein by reference: BODY-WORN MONITOR 
FEATURING ALARM SYSTEM THAT PROCESSES A 
PATIENT'S MOTION AND VITAL SIGNS (U.S. Ser. No. 
12/469,182; filed May 20, 2009) and BODY-WORN VITAL 
SIGN MONITOR WITH SYSTEM FOR DETECTING 
AND ANALYZING MOTION (U.S. Ser. No. 12/469,094; 
filed May 20, 2009). 
(0073. Referring to FIG. 3, in addition to the GUI 50, the 
transceiver 72 includes a high-fidelity speaker 120, a micro 
phone 101, and a barcode scanner 102 which, respectively, 
enunciates audible information, measures Voice signals from 
both the patient and a clinician, and scans graphical barcodes 
to decode numerical information describing the patient and 
their medication. Signals from these and other components 
are processed to supply information to either a patient GUI 
52 or a “clinician GUI 54. The patient GUI 52, for example, 
typically includes features that are decoupled from a standard 
clinical diagnosis; these include a nurse call button, Voice 
communications, a pain index, a mentation test to estimate 
the patient's cognitive abilities, meal ordering within the hos 
pital, games, and a controller for entertainment content, e.g. 
to adjust parameters (e.g. channels, Volume) for a standard 
television set. The clinical GUI 54, in comparison, includes 
features that are used for clinical diagnoses and for operating 
the transceiver in a hospital environment. The primary fea 
tures of this GUI 54 include displaying vital signs (e.g. 
cNIBP, SpO2, HR, RR, TEMP), other medical parameters 
(e.g. PR, CO), and waveforms (PPG, ECG, IP). Secondary 
features of the clinical GUI include voice communications, 
battery-change and pairing operations using the above-de 
scribed bump methodology, Voice annotation of medical 
records and diagnoses, a method for checking medications 
using the barcode scanner 102, and display of a photograph or 
Video describing the patient. 
0074. During normal operation, the GUI renders 50 
simple icons indicating that the transceiver is powered on and 
operational (e.g., a beating heart), the strength of the wire 
less signal (e.g. a series of bars with escalating height), and 
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the battery level (e.g. a cartoon of a battery with a charge 
dependent gauge). The transceiver 72 displays these icons 
until the touchpanel display is contacted by either the patient 
or a clinician. This process yields the patient GUI 52, which 
features a large icon 57 showing a telephone (which is used 
for nurse call applications, as described below), and a smaller 
icon 53 showing a lock which, when tapped, enables the 
clinician to unlock the transceiver and utilize the clinician 
interface 54. The transceiver 72 immediately renders a GUI 
that shows vital signs and waveform information if the 
patient's physiological condition requires immediate medical 
attention, e.g. in the case of cardiac arrest. 
0075. The clinician interface 54 is password-protected to 
prevent the patient or any other non- clinician from viewing 
important and potentially confusing medical information. A 
password can either be entered as a standard personal identi 
fication number (PIN) by tapping keys on a numerical keypad 
(as shown in FIG. 3), or by simply swiping a barcode printed 
on the clinician's hospital badge across the barcode scanner 
102. The microprocessor within the transceiver unlocks the 
clinician interface following either of these events, and 
enables all the features associated with the interface, which 
are described in detail below. For example, with this interface 
the clinician can view vital signs and waveforms to make a 
medical diagnosis, as described with reference to FIG. 24. If 
the transceiver's battery charge is running low, the clinician 
can Swap in a new transceiver and transfer data from the 
original transceiver simply by bumping the two transceivers 
together, as described with reference to FIGS. 6-8. Medical 
records can be voice-annotated and stored on the PDS or a 
hospital’s EMR using the process shown in FIGS. 11-13. The 
patient's medication can be checked by Scanning and process 
ing information encoded in barcodes associated with the 
patient, clinician, and medication, as shown in FIG. 20. All of 
this functionality is programmed within the transceiver and 
the body-worn monitor, and can be accomplished without 
tethering the patient to a conventional vital sign monitor 
typically mounted on a wall in the hospital or a rolling stand. 
Ultimately this allows the patient to wear a single body-worn 
monitor as they transition throughout the various facilities 
within the hospital, e.g. the ED, ICU, x-ray facility, and 
operating room. 
0076 
0077 FIGS. 4 and 5 show schematic drawings of a body 
worn monitor 100 used to measure vital signs from a patient 
and render the different GUIs described above (FIG. 4), along 
with a wireless system over which the transceiver 72 sends 
information through a hospital network 60 to either a remote 
RVD, e.g. a computer 62 or hand-held device 64 (FIG. 5). 
Referring to FIG. 4, the body-worn monitor 100 features a 
wrist-worn transceiver 72 that continuously determines vital 
signs and motion-related properties from an ambulatory 
patient in a hospital. The monitor 100 is small, lightweight, 
and comfortably worn on the patient’s body during their stay 
in the hospital; its specific form factor is described in detail 
below with reference to FIGS. 21 and 22. It provides continu 
ous monitoring, and features a Software framework that deter 
mines alarms/alerts if the patient begins to decompensate. 
Such systems are described in the following co-pending 
patent applications, the contents of which have been previ 
ously incorporated herein by reference: BODY-WORN 
MONITOR FEATURING ALARM SYSTEM THAT PRO 
CESSES A PATIENT'S MOTION AND VITAL SIGNS 
(U.S. Ser. No. 12/469,182; filed May 20, 2009) and BODY 
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WORN VITAL SIGN MONITOR WITH SYSTEM FOR 
DETECTING AND ANALYZING MOTION (U.S. Ser. No. 
12/469,094; filed May 20, 2009). The framework processes 
both the patient's motion and their vital sign information with 
algorithms that reduce the occurrence of false alarms. 
0078. A combination of features makes the body-worn 
monitor 100 ideal for ambulatory patients within the hospital. 
For example, as shown in FIG. 5, the transceiver 72 features 
a wireless transmitter 224 that communicates through a col 
lection of wireless access points 56 (e.g. routers based on 
802.11 protocols) within a hospital network 60, which 
includes a PDS. From the PDS 60 data are sent to an RVD 
(e.g. a portable tablet computer 62) located at a central nurs 
ing station, or to a local computer (e.g. a hand-held PDA 64) 
carried by the clinician. In embodiments, data can be sent to 
the PDA 64 through a peer-to-peer wireless connection. The 
specific mode of communication can be determined auto 
matically (using, e.g., a signal strength associated with the 
wireless connection), or manually through an icon on the 
GUI. 

007.9 The transceiver 72 features a CPU 222 that commu 
nicates through a digital CAN interface, or bus, to external 
systems featuring ECG 216, external accelerometers 215b-c. 
pneumatic 220, and auxiliary 245 sensors. Each sensor 215b 
c. 216, 220, 245 is distributed on the patient to minimize the 
bulk and weight normally associated with conventional vital 
sign monitors, which typically incorporate all electronics 
associated with measuring vital signs in a single plastic box. 
Moreover, each of these sensors 215b-c, 216,220, 245 gener 
ate digital signals close to where they actually attach to the 
patient, as opposed to generating an analog signal and send 
ing it through a relatively long cable to a central unit for 
processing. This can reduce noise due to cable motion which 
is often mapped onto analog signals. Cables 240, 238, 246 
used in the body-worn monitor 210 to transmit packets over 
the CAN bus typically include five separate wires bundled 
together with a single protective cladding: the wires Supply 
power and ground to the remote ECG system 216, acceler 
ometers 215b-c, pneumatic 220, and auxiliary systems 245; 
provide high/low signal transmission lines for data transmit 
ted over the CAN protocol; and provide a grounded electrical 
shield for each of these four wires. There are several advan 
tages to this approach. First, a single pair of transmission lines 
in the cable (i.e. the high/low signal transmission lines) can 
transmit multiple digital waveforms generated by completely 
different sensors. This includes multiple ECG waveforms 
(corresponding, e.g., to vectors associated with three, five, 
and twelve-lead ECG systems) from the ECG circuit, along 
with ACC waveforms associated with the x, y, and Z axes of 
accelerometers within the body-worn monitor 100. The same 
two wires, for example, can transmit up to twelve ECG wave 
forms (measured by a twelve-lead ECG system), and six ACC 
waveforms (measured by the accelerometers 215b-c). Limit 
ing the transmission line to a pair of conductors reduces the 
number of wires attached to the patient, thereby decreasing 
the weight and any cable-related clutter. Second, cable 
motion induced by an ambulatory patient can change the 
electrical properties (e.g. electrical impendence) of its inter 
nal wires. This, in turn, can add noise to an analog signal and 
ultimately the vital sign calculated from it. A digital signal, in 
contrast, is relatively immune to Such motion-induced arti 
facts. 

0080. The ECG 216, pneumatic 220, and auxiliary 245 
systems are stand-alone systems that each includes a separate 
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CPU, analog-to-digital converter, and CAN transceiver. Dur 
ing a measurement, they connect to the transceiver 72 through 
cables 240, 238,246 and connectors 230, 228, 232 to supply 
digital inputs over the CAN bus. The ECG system 216, for 
example, is completely embedded in a terminal portion of its 
associated cable. Systems for three, five, and twelve-lead 
ECG monitoring can be swapped in an out simply by plug 
ging the appropriate cable (which includes the ECG System 
216) into a CAN connector 230 on the wrist-worn transceiver 
72, and the attaching associated electrodes to the patient's 
body. 
0081. As described above, the transceiver 72 renders sepa 
rate GUIs that can be selected for either the patient or a 
clinician. To do this, it includes a barcode scanner 242 that can 
scan a barcode printed, e.g., on the clinician's badge. In 
response it renders a GUI featuring information (e.g. vital 
signs, waveforms) tailored for a clinician that may not be 
Suitable to the patient. So that the patient can communicate 
with the clinician, the transceiver 72 includes a speaker 241 
and microphone 237 interfaced to the CPU 222 and wireless 
system 224. These components allow the patient to commu 
nicate with a remote clinicianusing a standard VOIP protocol. 
A rechargeable Li:ion battery 239 powers the transceiver 72 
for about four days on a single charge. When the battery 
charge runs low, the entire transceiver 72 is replaced using the 
bump technique described in detail below. 
0082 Three separate digital accelerometers 215a-care 
non-obtrusively integrated into the monitor's form factor; two 
of them 215b-care located on the patient’s body, separate 
from the wrist-worn transceiver 72, and send digitized, 
motion-related information through the CAN bus to the CPU 
222. The first accelerometer 215a is mounted on a circuit 
board within the transceiver 72, and monitors motion of the 
patient's wrist. The second accelerometer 215b is incorpo 
rated directly into the cable 240 connecting the ECG system 
216 to the transceiver 72 so that it can easily attach to the 
patient's bicep and measure motion and position of the 
patient's upper arm. As described below, this can be used to 
orient the screen for viewing by either the patient or clinician. 
Additionally, signals from the accelerometers can be pro 
cessed to compensate for hydrostatic forces associated with 
changes in the patient's arm height that affect the monitor's 
cNIBP measurement, and can be additionally used to cali 
brate the monitor's blood pressure measurement through the 
patient's natural motion. The third accelerometer 215c is 
typically mounted to a circuit board that supports the ECG 
system 216 on the terminal end of the cable, and typically 
attaches to the patient's chest. Motion and position of the 
patient's chest can be used to determine their posture and 
activity states, which as described below can be used with 
Vital signs for generating alarm?alerts. Each accelerometer 
215a-c measures three unique ACC waveforms, each corre 
sponding to a separate axis (x, y, or Z) representing a different 
component of the patient's motion. To determine posture, arm 
height, activity level, and degree of motion, the transceiver's 
CPU 222 processes signals from each accelerometer 215a-c 
with a series of algorithms, described in the following pend 
ing patent applications, the contents of which have been pre 
viously incorporated herein by reference: BODY-WORN 
MONITOR FEATURING ALARM SYSTEM THAT PRO 
CESSES A PATIENT'S MOTION AND VITAL SIGNS 
(U.S. Ser. No. 12/469,182; filed May 20, 2009) and BODY 
WORN VITAL SIGN MONITOR WITH SYSTEM FOR 
DETECTING AND ANALYZING MOTION (U.S. Ser. No. 
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12/469,094; filed May 20, 2009). In total, the CPU 222 can 
process nine unique, time-dependent signals corresponding 
to the three axes measured by the three separate accelerom 
eters. Algorithms determine parameters such as the patient's 
posture (e.g., sitting, standing, walking, resting, convulsing, 
falling), the degree of motion, the specific orientation of the 
patient's arm and how this affects vital signs (particularly 
cNIBP), and whether or not time-dependent signals measured 
by the ECG 216, optical 218, or pneumatic 220 systems are 
corrupted by motion. 
I0083) To determine blood pressure, the transceiver 72 pro 
cesses ECG and PPG waveforms using a measurement called 
with Composite Technique, which is described in the follow 
ing patent application, the contents of which have been pre 
viously incorporated herein by reference: BODY-WORN 
SYSTEM FOR MEASURING CONTINUOUS NON-IN 
VASIVE BLOOD PRESSURE (cNIBP) (U.S. Ser. No. 
127650,354; filed Nov. 15, 2009). The Composite Technique 
measures ECG and PPG waveforms with, respectively, the 
ECG 216 and optical 218 systems. The optical system 218 
features a thumb-worn sensor that includes LEDs operating 
in the red (w-660 nm) and infrared (w-900 nm) spectral 
regions, and a photodetector that detects their radiation after 
it passes through arteries within the patient's thumb. The ECG 
waveform, as described above, is digitized and sent over the 
CAN interface to the wrist-worn transceiver 72, while the 
PPG waveform is transmitted in an analog form and digitized 
by an analog-to-digital converter within the transceiver's cir 
cuit board. The pneumatic system 220 provides a digitized 
pressure waveform and oscillometric blood pressure mea 
surements through the CAN interface; these are processed by 
the CPU 222 to make cuff-based indexing blood pressure 
measurements according to the Composite Technique. The 
indexing measurement typically only takes about 40-60 sec 
onds, after which the pneumatic system 220 is unplugged 
from its connector 228 so that the patient can move within the 
hospital without wearing an uncomfortable cuff-based sys 
tem. The optical waveforms measured with the red and infra 
red wavelengths can additionally be processed to determine 
SpO2 values, as described in detail in the following patent 
application, the contents of which is incorporated herein by 
reference: BODY-WORN PULSE OXIMETER (U.S. Ser. 
No. 12/559,379; filed Sep. 14, 2009). 
I0084 Collectively, these systems 215a-c, 216, 218, and 
220 continuously measure the patient's vital signs and 
motion, and Supply information to the Software framework 
that calculates alarms/alerts. A third connector 232 also Sup 
ports the CAN bus and is used for auxiliary medical devices 
245 (e.g. a glucometer, infusion pump, system for measuring 
end-tidal CO2) that is either worn by the patient or present in 
their hospital room. 
I0085. Once a measurement is complete, the transceiver 72 
uses the internal wireless transmitter 224 to send information 
in a series of packets to a PDS 60 within the hospital. The 
wireless transmitter 224 typically operates on a protocol 
based on 802.11, and can communicate with the PDS 60 
through an existing network within the hospital as described 
above with reference to FIG. 5. Information transmitted by 
the transceiver alerts the clinician if the patient begins to 
decompensate. The PDS 60 typically generates this alarm/ 
alert once it receives the patient's vital signs, motion param 
eters, ECG, PPG, and ACC waveforms, and information 
describing their posture, and compares these parameters to 
preprogrammed threshold values. As described in detail 
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below, this information, particularly vital signs and motion 
parameters, is closely coupled together. Alarm conditions 
corresponding to mobile and stationary patients are typically 
different, as motion can corrupt the accuracy of vital signs 
(e.g., by adding noise), and induce artificial changes in them 
(e.g., through acceleration of the patient's heart and respira 
tory rates) that may not be representative of the patient’s 
actual physiology. 
I0086 Swapping and Pairing Transceivers Using Bump 
Methodology 
0087 FIGS. 6A, 6B, 7, and 8 show how a wrist-worn 
transceiver 72A with a depleted battery can be swapped with 
a similar transceiver 72B having a fully charged battery using 
the bump methodology described above. Prior to the swap, 
as shown in FIG. 6A, both transceivers are readied by acti 
vating the appropriate GUI 50C, 50D following the screens 
shown in FIG. 8. This process activates firmware on each 
transceiver 72A, 72B indicating that the swap is about to 
occur. In response, each transceiver sends a packet through 
the wireless access point 56 and to the hospital network and 
PDS 60. The packet describes a transceiver-specific address, 
e.g. a MAC address associated with its wireless transmitter. 
Once this is done, the GUIs 50C, 50D on both transceivers 
72A, 72B indicate to a clinician that they can be bumped 
together, and that the Swap can proceed. 
0088 At this point, as shown in FIG. 6A, the new trans 
ceiver 72B (with the fully charged battery) is then bumped 
against the old transceiver 72A (with the depleted battery). 
Internal accelerometers within both transceivers 72A, B 
detect the bumping process and, in response, independently 
generate ACC waveforms 130, 132, both featuring a sharp 
spike indicating the rapid acceleration and deceleration due to 
the bumping process. Typically the ACC waveforms 130, 132 
correspond to the same axes in both transceivers. The ACC 
waveforms are digitized within each transceiver and then 
transmitted through the wireless access point 56 to the PDS 
60, where they are stored in a computer memory and analyzed 
with a software program that is activated when both devices 
are readied, as described above. The software program com 
pares formatted versions of the ACC waveforms 130", 132 to 
detect the rapid spikes, as shown by the graph 140 in FIG. 7. 
The rapid spikes in the waveforms 130", 132 should occur 
within a few microseconds of each other, as indicated by the 
shaded window 142 in the graph 140. Other transceivers 
operating on the network may generate similar motion-re 
lated spikes due to movements of the patient wearing them, 
but the probability that such spikes occur at the exact same 
time as the transceivers being Swapped is extremely low. The 
Software program interprets the concurrence of the spikes as 
indicating that data stored on the old transceiver 72A is to be 
transferred to the new transceiver 72B. The data, for example, 
includes demographic information describing the patient 
(e.g. their name, age, height, weight, photograph), the medi 
cations they are taking, and all the vital sign and waveform 
information stored in memory in the old transceiver 72A. 
Following the bump, this information is associated with the 
address corresponding to the new transceiver 72B. At this 
time information may also be sent from the PDS so it can be 
stored locally on the new transceiver. When all the relevant 
information is transferred over, the GUIs 50C, 50D on both 
transceivers 72A, 72B indicate that they can be swapped. At 
this point, cables connected to the optical sensor and ECG 
electrodes are unplugged from the old transceiver 72A, and 
plugged into the new transceiver 72B. The clinician then 
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attaches the new transceiver to the patient's wrist, and com 
mences measuring vital signs from the patient as described 
above. 

I0089. In other embodiments, a time period corresponding 
to a portion (e.g. a peak value) of the motion-generated spike 
is determined on each of the wrist-worn transceivers that are 
bumped together. Each transceiver then sends its time period 
to the PDS, where they are collectively analyzed to determine 
if they are sufficiently close in value (e.g. within a few hun 
dred milliseconds). If this criterion is met, software on the 
PDS assumes that the transceivers are ready to be swapped, 
and performs the above-described steps to complete this pro 
CCSS, 

(0090 FIG. 8 shows a sequence of screens within the GUI 
that describe the process for Swapping transceivers to the 
clinician. The process begins when a screen 158 rendered by 
Device A indicates that its battery is running low of charge. 
This is indicated by a standard low battery icon located in the 
upper right-hand corner of the screen 158, as well as a larger 
icon located near the bottom of the screen. A time describing 
the remaining life of the battery appears near this icon when 
this time is 5 minutes or less. Each transceiver includes a 
sealed internal Li:ion battery that cannot be easily replaced in 
the hospital. Instead, the transceiver is inserted in a battery 
charger that typically includes eight or sixteen ports, each of 
which charges a separate transceiver. To Swap Device A with 
Device B, the clinician taps the screen 158 to yield a new 
screen 160 which includes a series of six icons, each related to 
a unique feature. The icon in the lower left-hand corner shows 
two interchanging batteries. When tapped, this icon yields a 
new screen 160 indicating that Device A is ready to be 
swapped. Device B is then removed from a port in the battery 
charger, and a sequence of screens 150, 152, 154 are initiated 
as described with reference to Device A. 

(0091. When Devices A and B both show, respectively, 
screens 162. 154, they are ready to be swapped using the 
bumping process. At this point, as described above, a clini 
cian bumps Device B into Device A, which in turn generates 
two ACC waveforms 130, 132 featuring sharp, time-depen 
dent spikes indicating the bump. The waveforms 130, 132 
include spikes, as shown by the shaded box 142, which are 
concurrent in time, and are wirelessly transmitted in a packet 
that indicates their origin through the pathway shown in FIG. 
7 to the PDS. There, they are analyzed by the software pro 
gram described above to determine that data associated with 
Device A (e.g. patient information, vital signs) is now asso 
ciated with Device B. When this association is complete, the 
PDS transmits a packet back through the pathway shown in 
FIG. 7 to both Device A and B, indicating that the PDS is 
ready to transfer the data. Device B then renders a screen 166 
asking the clinician to confirm the process. Data is transferred 
if the clinician taps the check box in the lower right-hand 
corner of the screen; during this process Device Brenders a 
screen 168 that shows the patient's name to further confirm 
with the clinician that the transfer process is valid. When it is 
complete, Device A is no longer active, meaning it cannot 
collect data or generate alarms. Device Brenders a screen 170 
that instructs the clinician to disconnect the optical and elec 
trical sensors from Device A, and to clean this device and 
insert it into the battery charger. During this process all alarms 
are paused for Device B. A screen 172 on Device B then 
instructs the clinician to connect the sensors and attach 
Device B to the patient's wrist. When this is complete, Device 
B renders a final confirmatory screen 176, which when 
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checked finalizes the Swapping process. At this point Device 
B is officially associated with the patient, renders a standard 
screen 178, and commences measuring vital signs from the 
patient. These vital signs, along with those collected from 
Device A, are included in a contiguous data file characterizing 
the patient. 
0092. As an alternative to the bumping process, Device 
B’s barcode can be read and processed to facilitate swapping 
the transceivers. In this case, an icon on Device A, when 
tapped, renders a screen 164 indicating that Device A is ready 
to read the barcode printed on Device B. At this point, Device 
B's barcode is swiped across Device A's barcode reader, 
decoded, and wirelessly transmitted to the PDS as indicated 
in FIG. 7. The PDS uses this information to associate Device 
B with the patient as described above. Once this is complete, 
Device Buses the same screens used for the bumping trans 
fer process (screens 166, 168,170,172,176, 178) to associate 
Device B with the patient. The bumping process shown in 
FIG. 6 takes place along the long axes of Device A and Device 
B. Alternatively, it can take place along the shortaxes of these 
devices. Or the short axis of one device can be bumped against 
the long axis of the other device to initiate the process. 
0093. The bumping process described above can also be 
used for other applications relating to the wrist-worn trans 
ceiver. It can be used, for example, to pair the transceiver with 
an RVD, such as a display located at the patient's bedside, or 
at a central nursing station. In this embodiment, indicated in 
FIGS. 9 and 10, a clinician selects a transceiver 72 from the 
battery charger and brings it near an RVD 62. Before attach 
ing the transceiver 72 to the patient, the clinician bumps it 
against a hard surface proximal to the RVD 62 (or against the 
RVD itself) to generate a sharp spike in the ACC waveform 
133. The waveform 133 is similar in shape to that generated 
when two transceivers are swapped with the bumping pro 
cess, as described above. The RVD's location needs to be 
determined in order to pair it with the transceiver 72. To do 
this, at a pre-determined time period (e.g. every few minutes) 
all neighboring wireless access points 56A, 56B, 56C trans 
mit a location beacon 59A, 59B, 59C to the transceiver, 
which is received and used to calculate a value for signal 
strength (typically characterized by an RSSI value) between 
the transceiver 72 and the respective access point 56A, 56B, 
56C. The transceiver concatenates values for RSSI and iden 
tifiers for the access points into a single location packet 59D. 
which it then transmits along with the ACC waveform 133 
and an identifying code describing the transceiver (not shown 
in the figure) through a single access point 56B to the PDS 60. 
The PDS 60 receives the location packet 56D and parses it to 
arrive at RSSI values for the three wireless access points 56A, 
56B, 56C within wireless range of the transceiver 72. In other 
embodiments, the individual access points 56A, 56B, 56C 
determine RSSI values characterizing the signal strength 
between them and the transceiver, and send these as indi 
vidual packets to the PDS. Software on the PDS then concat 
enates these packets to determine signals similar to those 
included in the location packet. 
0094) Referring to FIG.10, location-determining software 
operating on the PDS triangulates the signals, along with 
known locations of each wireless access point 56A, 56B, 
56C, to determine an approximate location 71 of the trans 
ceiver 72. The known locations of the access points are stored 
within a map grid 73 in a computer memory associated with 
the location-determining software. The transceiver's approxi 
mate location typically has an accuracy of 1-3 m. Using the 
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map grid 73, the Software then processes the approximate 
location 71 and a known location of any RVD 62 lying within 
a pre-determined radius 75. Typically the pre-determined 
radius is 3-5 m. If the location of the RVD 62 lies within the 
pre-determined radius 75, the RVD 62 is automatically 
paired with the transceiver 72. Once paired, the RVD 62 
then displays any follow-on waveform, motion, and vital sign 
information sent by the transceiver. 
0095. In related embodiments, the location-determining 
Software described above uses triangulation algorithms to 
determine the patient’s current and historical location. Such a 
process can be used to monitor and locate a patient in distress, 
and is described, for example, in the following issued patent, 
the contents of which are incorporated herein by reference: 
WIRELESS, INTERNET-BASED, MEDICAL DIAGNOS 
TIC SYSTEM (U.S. Pat. No. 7,396,330). If triangulation is 
not possible, the location-determining software may simply 
use proximity to a wireless access point (as determined from 
the strength of an RSSI value) to estimate the patient's loca 
tion. Such a situation would occur if signals from at least three 
wireless access points were not available. In this case, the 
location of the patient is estimated with an accuracy of about 
5-10 m. In embodiments, the RVD may be a central nursing 
station that displayS Vital sign, motion-related properties (e.g. 
posture and activity level) and location information from a 
group of patients. Such embodiments are described in the 
following co-pending patent application, the contents of 
which are fully incorporated herein by reference: BODY 
WORNVITAL SIGN MONITOR (U.S. Ser. No. 12/560,077, 
filed Sep. 15, 2009). In other embodiments, the location 
determining Software determines the location of a patient 
worn transceiver, and automatically pairs it to a RVD located 
nearby (e.g. within a pre-determined radius, such as that 
shown in FIG. 10). In this way, the patient's information can 
be displayed on different RVDs as they roam throughout the 
hospital. 
0096. In embodiments, the patient's location can be ana 
lyzed relative to a set of pre-determined boundaries (e.g. a 
geofence') to determine if they have wandered into a 
restricted area. Or their speed can be determined from their 
time-dependent location, and then analyzed relative to a pre 
determined parameter to determine if they are walking too 
fast. In general, any combination of location, motion-related 
properties, vital signs, and waveforms can be collectively 
analyzed with software operating on either the transceiver or 
PDS to monitor the patient. Patients can be monitored, for 
example, in a hospital, medical clinic, outpatient facility, or 
the patient's home. 
0097. In the embodiments described above, location of the 
transceiver can be determined using off-the-shelf software 
packages that operate on the PDS. Companies that provide 
such software include, for example, by Cisco Systems (170 
West Tasman Drive, San Jose, Calif. 93 134; www.cisco. 
com), Ekahau (12930 Saratoga Avenue, Suite B-8, Saratoga, 
Calif. 95070; www.ekahau.com), and others. 
0098. In still other embodiments, software operating on 
the transceiver puts it into a sleep mode when it is not 
attached to the patient. This way the transceiver can deter 
mine and transmit a location packet even when it is not used 
for patient monitoring. Using the above-described location 
determining software, this allows the transceiver's location to 
be determined and then analyzed if it has been lost, mis 
placed, or stolen. For example, the transceiver's serial number 
can be entered into the Software and then used to send a ping 
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the transceiver. The transceiver responds to the ping by col 
lecting and transmitting a location packet as described above. 
Or the location of all unused transceivers can be automati 
cally rendered on a separate interface. In still other embodi 
ments, the location-determining Software can transmit a 
packet to a specific transceiver (e.g. one that is stolen) to 
disable it from operating further. 
0099. In other embodiments, the bumping process 
described above can be used for a variety of applications 
involving the body-worn monitor, wrist-worn transceiver, 
PDS, and RVD. In embodiments, for example, one or more 
bumps of a transceiver can modulate the ACC waveform, 
which is then processed and analyzed to initiate a specific 
application. Applications include turning the transceiver 
on/off attaching sensors to the transceiver; pairing the trans 
ceiver with a hand-held device (e.g. a cellular phone or per 
Sonal digital assistant) over a peer-to-peer connection (using, 
e.g., 802.11 or 802.15.4); pairing the transceiver with a 
printer connected to a hospital network to print data stored in 
its computer memory; associating the transceiver with a spe 
cific clinician; and initiating display of a particular GUI. In 
general, the bumping process can be used to initiate any 
application that can also be initiated with icons on the GUI. 
0100 Annotating the Medical Record Using the Wrist 
Worn Transceiver 

0101 FIGS. 11-13 show how the wrist-worn transceiver 
can be used to communicate audible information from both 
the patient and a clinician. Audible information from the 
clinician 140 can be used, for example, to annotate vital sign 
information collected with the body-worn monitor. Audible 
information from the patient 141 can be transmitted to a 
clinician (e.g. a nurse working at a central station) to alert the 
clinician of a problem. In both applications, the transceiver 72 
is attached to the patient's wrist 66 as described above and 
used to measure vital signs and waveform information. 
Audible information is received by a microphone 101 
mounted on a circuit board within the transceiver. A speaker 
120 mounted to the same circuitboardenunciates voice infor 
mation to the patient. In these and other voice-related appli 
cations, voice information is digitized by an internal analog 
to-digital converter within the transceiver, and then wirelessly 
transmitted through a hospital's wireless network using con 
ventional VOIP protocols. Systems that operate these proto 
cols are marketed, for example, by Cisco Systems (170 West 
Tasman Drive, San Jose, Calif. 93 134; www.cisco.com), 
Skype (22/24 Boulevard Royal, 6e etage, L-2449, Luxem 
bourg; www.skype.com), and others. 
0102 FIG. 12 describes the annotation process in more 

detail. In this case, the transceiver 72 within the body-worn 
monitor is attached to the patient’s wrist 66 to measure the 
patient's vital signs (e.g. blood pressure). During the mea 
surement process, the clinician uses the GUI 50F to activate 
an annotation function which enables the transceiver to 
receive audible signals 140 which are used, for example, to 
annotate different medications administered to the patient. 
After the annotation function is activated, the clinician orally 
describes the medications. The microphone 101 within the 
transceiver 72 detects the voice signals, digitizes them with 
associated hardware, and then sends them and an associated 
time/date sample using a VOIP protocol through an access 
point 56 and to a PDS located within the hospital network 60. 
Vital signs are transmitted before and after the annotation 
function is activated, and are stored along with the annotation 
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in a computer memory associated with the PDS. Typically 
these data are stored within a hospital's EMR. 
0103) As shown in graph 141, annotated vital sign data can 
be viewed afterwards to determine, for example, how a 
patient responds to specific medications. In this case, admin 
istration of a beta blocker as a means of lowering the patient's 
blood pressure is recorded on the graph by a written descrip 
tion of the annotation, along with an icon (a black triangle) 
indicating when it occurred in time. To generate the written 
description the PDS requires software that performs a speech 
to-text conversion. Such software is available, for example, 
from Nuance Systems (1 Wayside Road, Burlington, Mass. 
01803; www.nuance.com). Similarly, the graph 141 shows a 
second annotation indicating that the patient was hydrated 
with saline to increase their blood pressure. 
0104 FIG. 13 shows a series of screens within the GUI 
50F that are used to control the annotation process. As 
described above, to annotate medical information the clini 
cian taps an icon located in the upper right-hand portion of 
screen 180. This action readies the voice recording features 
within the transceiver. Tapping the annotation icon drives the 
transceiver to render a second screen 182 that includes the 
type of annotation, e.g. audible content relating to medica 
tion, a specific intervention or procedure, a medical assess 
ment, or another subject. Typically annotations are delivered 
as audible speech, in which case the Speech button is 
tapped, as shown in Screen 184. Alternatively the annotation 
can be text or numerical; these can be typed in, e.g., using a 
soft keyboard on the transceiver, or scanned in using the 
transceiver's barcode scanner. The annotations can also be 
associated with an alarm condition, Such as those shown on 
screens 181, 183, 185, 187, 189, 191. Prior to recording an 
annotation, the GUI renders a screen 188 that, once tapped, 
initiates the recording. The recording can also be paused 
using screen 186. After it is complete, the clinician taps the 
checkbox' on the screen 188, thus saving the recording. It is 
then sent to the PDS as shown in FIG. 12, and used to annotate 
the patient's medical information. 
0105. Other forms of annotation are also possible with the 
transceiver. For example, it can include a small CCD camera 
that allows images of the patient or their body (e.g. a wound) 
to be captured and used to annotate the medical information. 
In other applications, a barcode printed on medication admin 
istered to the patient can be scanned by the transceiver's 
barcode scanner, and the information encoded therein can be 
used to annotate vital sign information. In other embodi 
ments, the transceiver can integrate with other equipment in 
the hospital room (e.g. an infusion pump, ventilator, or 
patient-controlled anesthesia pump) through a wired or wire 
less connection, and information from this equipment can be 
collected and transmitted to the PDS in order to annotate the 
Vital sign information. In other embodiments, text annota 
tions can be stored on the PDS, and then edited afterwards by 
the clinician. 
0106. Other GUI Applications 
0107 As shown in FIGS. 11 and 14, the speaker 120 and 
microphone 101 within the transceiver 72, combined with 
VOIP software operating on the hospital network, can also 
function as a nurse call system that communicates both dis 
tress signals and Voice information. Here, the transceiver 
enables two-way communication between the patient and a 
remote clinician. During this application, the transceiver typi 
cally operates the patient GUI, shown schematically in FIG. 
3 and in more detail in FIG. 14. Here, the GUI shows a single 
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screen 192 that indicates a nurse call function with an icon 
showing a telephone. When the patient taps on the telephone 
the transceiver initiates a call to a pre-programmed IP 
address, corresponding, e.g., to a computer at a central nurs 
ing station or a VOIP-enabled phone. Alternatively the trans 
ceiver can call a pre-programmed phone number correspond 
ing to a telephone. While the call is being place the GUI 
renders a screen 194 that shows the telephone's receiver being 
off the hook. A third screen 196 indicates that the patient is 
connected to the clinician. The call is terminated when the 
patient finishes talking to the clinician and taps the screen. 
Alternatively, the transceiver can include software that 
detects that no further voice communications are taking 
place, and then uses this information to terminate the call. In 
embodiments, the entire call can be stored in a computer 
memory on either the transceiver or the PDS. 
0108. The GUI operating on the wrist-worn transceiver's 
touchpanel display can render several other interfaces that 
facilitate patient monitoring in the hospital. For example, 
referring to FIG. 15, the GUI can be used to monitor the 
patient's pain level, a parameter often considered by clini 
cians to be as important as vital signs for characterizing a 
patient. The GUI 200 shown in the figure features a simple 
series of icons that provide a relative indication of the 
patient's pain level. An index value of 0 (corresponding to a 
happy face) indicates a low level of pain; an index value of 
10 (corresponding to a sad face) indicates a high level of 
pain. During a measurement, the patient simply touches the 
icon that best characterizes their pain level. The numerical 
value corresponding to this level is then wirelessly transmit 
ted back to the PDS and stored in the patient’s EMR. The GUI, 
for example, may be automatically rendered periodically (e.g. 
every hour) on the transceiver to continuously monitor the 
patient's pain level. In other embodiments, the GUI could 
render a graphical display that provides a more Sophisticated 
metric for determining the patient's pain, such as the McGill 
Pain Questionnaire. This system described in the following 
journal article, the contents of which are incorporated herein 
by reference: The McGill Pain Questionnaire: Major Prop 
erties and Scoring Methods, Melzak, Pain, 1:277-299 
(1975). 
0109. In a similar manner, the GUI can be used to gauge 
the patient's level of mentation, i.e. mental activity. Menta 
tion has been consistently shown to be a valuable tool for 
diagnosing a patient, but is typically determined empirically 
by a clinician during a check-up or hospital visit. Such a 
diagnosis is somewhat arbitrary and requires the clinician to 
meet face-to-face with the patient, which is often impractical. 
But with the wrist-worn transceiver, diagnosis of mentation 
can be made automatically at the patient's bedside without a 
clinician needing to be present. FIG. 16, for example, shows 
a GUI 202 that provides a simple mentation test for the 
patient to complete. In this case, the mentation test involves a 
graphical representation of a series of non-sequential num 
bers. The patient completes this test by tapping on the num 
bers rendered by the touchpanel display in their numerical 
order. An algorithm then scores the test based on accuracy 
and the time required to complete it. Once determined, the 
score is wirelessly transmitted back to the PDS, and then 
stored in the patient’s EMR. Other simple tests with varying 
complexity can be used in place of that shown in FIG. 16. The 
tests can vary depending on the specific mentation function to 
be tested. For example, unique tests can be generated for 
patients with head injuries, cardiac patients, patients in severe 
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pain, Alzheimer's patients, etc. In all cases, the tests are 
designed to make a quantitative assessment of the patient's 
mental status; the transceiver sends a numerical value repre 
senting this parameter and an identifier for the test back to the 
EMR for analysis. The transceiver can be programmed so that 
the GUI 202 for the mentation test, like the GUI 200 for pain 
level shown in FIG. 15, is automatically rendered at basically 
any time interval on the touchpanel display. This time interval 
can be periodic and on an hourly basis, once/day, etc. 
0110. As shown in FIG. 17, the transceiver can include a 
GUI 204 that displays a photograph or video of the patient. 
The photograph could be taken by a digital camera within the 
transceiver, or with an external camera and then transferred to 
the transceiver through a variety of means, e.g. the hospital’s 
wireless network, a peer-to-peer wireless connection, using a 
non-volatile memory such as an SD card, or even using a 
data-transfer process initiated by the bump methodology 
described above. In general, the same means used to port a 
photograph from a standard digital camera to a personal com 
puter or other device can be used in this application. Once the 
photograph is received, Software on the transceiver displays it 
in either a default Screen (e.g., in place of the beating heart 
shown in FIGS. 1 and 3), or when the GUI 204 is activated 
through a tap of a corresponding icon. Displaying the 
patient's photograph in this manner provides a visual indica 
tor which the clinician can use to correctly identify the 
patient. In other embodiments, a photograph of someone 
associated with the patient (e.g. a relative) can also be dis 
played on the GUI 204. Such an embodiment may be particu 
larly useful for neo-natal hospitals wards, wherein one or 
more photographs of an infant's parents could be displayed on 
a transceiver attached to the infant. This way a clinician could 
check the photograph to ensure that visitors to the neo-natal 
hospital ward are, in fact, the infant's parents. 
0111 FIGS. 18 and 19 show other GUIs 206, 208 that can 
be rendered on the wrist-worn transceiver's display to carry 
out basic features in the hospital. Such as meal ordering (FIG. 
18), and changing the channel on a television or computer 
(FIG. 19). In these cases, the PDS associated with the trans 
ceiver receives a packet describing the function at hand (e.g., 
the meal that has been ordered, or the channel that is desired), 
and communicates with another software application in the 
hospital to complete the transaction. This communication, for 
example, can take place using a XML-based Web Services 
operation, Such as that described in the following patent 
application, the contents of which are incorporated herein by 
reference: CUFFLESS BLOOD PRESSURE MONITOR 
AND ACCOMPANYING WEB SERVICES INTERFACE 
(U.S. Ser. No. 10/810,237, Filed Mar. 26, 2004). In related 
embodiments, a GUI similar to that shown in FIG. 19 can be 
used to order movies, video games, television programs 
stored on a digital video recorder, books, and music. Content 
corresponding to these components is typically stored on a 
remote server, and then accessed using an XML-based opera 
tion, as described above. 
0112. In yet another application, as shown in FIG. 20, the 
wrist-worn transceiver 72 and its associated barcode scanner 
102 can be used to check medication before it is administered 
to the patient. In this embodiment, barcodes associated with 
the patient 63, clinician 65, and the medication 67 are read by 
the barcode scanner 102 within the transceiver 72. The trans 
ceiver then wirelessly transmits decoded barcode information 
through a local access point 56 and to the PDS connected to 
the hospital network 60. Using a software program, the PDS 



US 2011/0224498A1 

analyzes these data and communicates with the patient's 
record in the hospital EMR 58 to determine if the medication 
is appropriate for the patient. For example, the Software pro 
gram may check to see if the patient is allergic to the medi 
cation, if the dosage is correct, or if the patient has previously 
exhibited any detrimental side effects that may affect the 
dosage. In related embodiments, the transceiver may also 
include a GUI wherein the clinician enters ancillary informa 
tion, such as the dosage of the medication or demographic 
information describing the patient, using a soft keypad. Or 
the GUI may include a simple questionnaire that guides the 
clinician through the process of checking the medication, and 
then administering it. In still other embodiments, the infusion 
pump that delivers the medication may include a wireless 
connection through the access point 56 to the PDS 60 or to the 
transceiver 72 to automatically supply information related to 
the medication to the software program. 
0113. Once the software program determines that it is safe 

to administer the medication, it sends a packet from the PDS 
60, through the access point 56, and back to the transceiver 
72, which then renders a GUI instructing the clinician to 
proceed. In other embodiments, the PDS 60 sends the packet 
through the access point 56 to either a remote computer 62 
(e.g. a tablet computer) or a portable device 64 (e.g. a cellular 
telephone or personal digital assistant). 
0114. Form Factor of the Body-Worn Monitor 
0115 FIGS. 21A and 21B show how the body-worn moni 
tor 100 described above attaches to a patient 70 to measure 
RR, SpO2, cNIBP, and other vital signs. These figures show 
two configurations of the system: FIG. 21A shows the system 
used during the indexing portion of the Composite Tech 
nique, and includes a pneumatic, cuff-based system 85, while 
FIG. 21B shows the system used for subsequent measure 
ments. The indexing measurement typically takes about 60 
seconds, and is typically performed once every 4-8 hours. 
Once the indexing measurement is complete the cuff-based 
system 85 is typically removed from the patient. The remain 
der of the time the monitor 100 performs the RR, HR, SpO2 
and cMIBP measurements. 

0116. The body-worn monitor 100 features a wrist-worn 
transceiver 72, described in more detail in FIGS. 22A and 
22B, featuring a touch panel interface 73 that displays the 
various GUIs described above and in FIG. 24. A wrist strap 90 
affixes the transceiver 72 to the patient's wrist like a conven 
tional wristwatch. A flexible cable 92 connects the transceiver 
72 to an optical sensor 94 that wraps around the base of the 
patient's thumb. During a measurement, the optical sensor 94 
generates a time-dependent PPG waveform which is pro 
cessed along with an ECG to measure cnIBP, SpO2, and, in 
some applications, RR. To determine ACC waveforms the 
body-worn monitor 100 features three separate accelerom 
eters located at different portions on the patient's arm and 
chest. The first accelerometer is Surface-mounted on a circuit 
board in the wrist-worn transceiver 72 and measures signals 
associated with movement of the patient's wrist. As described 
above, this motion can also be indicative of that originating 
from the patient's fingers, which will affect the SpO2 mea 
Surement. The second accelerometer is included in a small 
bulkhead portion 96 included along the span of the cable 82. 
During a measurement, a small piece of disposable tape, 
similar in size to a conventional bandaid, affixes the bulkhead 
portion 96 to the patient's arm. In this way the bulkhead 
portion 96 serves two purposes: 1) it measures a time-depen 
dent ACC waveform from the mid-portion of the patient's 
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arm, thereby allowing their posture and arm height to be 
determined as described in detail above; and 2) it secures the 
cable 82 to the patient's arm to increase comfort and perfor 
mance of the body-worn monitor 100, particularly when the 
patient is ambulatory. The third accelerometer is mounted in 
the sensor module 74 that connects through cables 80a-c to 
ECG electrodes 78a-c. Signals from these sensors are then 
digitized, transmitted through the cable 82 to the wrist-worn 
transceiver 72, where they are processed with an algorithm as 
described above to determine RR. 

0117 The cuff-based module 85 features a pneumatic sys 
tem76 that includes a pump, valve, pressure fittings, pressure 
sensor, manifold, analog-to-digital converter, microcontrol 
ler, and rechargeable Li:ion battery. During an indexing mea 
surement, the pneumatic system 76 inflates a disposable cuff 
84 and performs two measurements according to the Com 
posite Technique: 1) it performs an inflation-based measure 
ment of oscillometry and measurement of a corresponding 
OSC waveform to determine values for SYS, DIA, and MAP: 
and 2) it determines a patient-specific relationship between 
PTT and MAP. These measurements are described in detail in 
the co-pending patent application entitled: 'VITAL SIGN 
MONITOR FOR MEASURING BLOOD PRESSURE 
USING OPTICAL, ELECTRICAL AND PRESSURE 
WAVEFORMS (U.S. Ser. No. 12/138,194; filed Jun. 12, 
2008), the contents of which are incorporated herein by ref 
CCC. 

0118. The cuff84 within the cuff-based pneumatic system 
85 is typically disposable and features an internal, airtight 
bladder that wraps around the patient's bicep to deliver a 
uniform pressure field. During the indexing measurement, 
pressure values are digitized by the internal analog-to-digital 
converter, and sent through a cable 86 according to a CAN 
protocol, along with SYS, DIA, and MAP blood pressures, to 
the wrist-worn transceiver 72 for processing as described 
above. Once the cuff-based measurement is complete, the 
cuff-based module 85 is removed from the patient’s arm and 
the cable 86 is disconnected from the wrist-worn transceiver 
72. cNIBP is then determined using PTT, as described in 
detail above. 

0119) To determine an ECG, the body-worn monitor 100 
features a small-scale, three-lead ECG circuit integrated 
directly into the sensor module 74 that terminates an ECG 
cable 82. The ECG circuit features an integrated circuit that 
collects electrical signals from three chest-worn ECG elec 
trodes 78a-c connected through cables 80a-c. As described 
above, the ECG electrodes 78a-care typically disposed in a 
conventional Einthoven's Triangle configuration, which is a 
triangle-like orientation of the electrodes 78a-c on the 
patient's chest that features three unique ECG vectors. From 
these electrical signals the ECG circuit determines up at least 
three ECG waveforms, each corresponding to a unique ECG 
vector, which are digitized using an analog-to-digital con 
verter mounted proximal to the ECG circuit and sent through 
the cable 82 to the wrist-worn transceiver 72 according to the 
CAN protocol. There, the ECG and PPG waveforms are pro 
cessed to determine the patient's blood pressure. HR and RR 
are determined directly from the ECG waveform using 
known algorithms, such as those described above. More 
Sophisticated 
I0120 ECG circuits (e.g. five and twelve-lead systems) can 
plug into the wrist-worn transceiver to replace the three-lead 
system shown in FIGS. 21A and 21B. 
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0121 FIGS. 22A, 22B show three-dimensional views of 
the wrist-worn transceiver 72 before and after receiving 
cables 82, 86, 89 from sensors worn on the patient's upper 
arm and torso, as well as the cable 92 that connects to the 
optical sensor. The transceiver 72 is sealed in a water-proof 
plastic casing 117 featuring electrical interconnects (not 
shown in the figure) on its bottom surface that interface to the 
terminal ends 111, 119a-c of cables 82, 86, 89,92 leading to 
the monitor's various sensors. The electrical interconnects 
Support serial communication through the CAN protocol, 
described in detail herein, particularly with reference to FIG. 
25. During operation, the transceiver's plastic casing 117 
Snaps into a plastic housing 106, which features an opening 
109 on one side to receive the terminal end 111 of the cable 92 
connected to the optical sensor. On the opposing side the 
plastic housing 106 features three identical openings 104a-c 
that receive the terminal ends 119a-C of cables 82, 86, 89 
connected to the ECG and accelerometer systems (cable 82), 
the pneumatic cuff-based system (cable 86), and ancillary 
systems (cable 89) described above. In addition to being 
waterproof, this design facilitates activities such as cleaning 
and sterilization, as the transceiver contains no openings for 
fluids common in the hospital. Such as water and blood, to 
flow inside. During a cleaning process the transceiver 72 is 
simply detached from the plastic housing 106 and then 
cleaned. 

0122) The transceiver 72 attaches to the patient’s wrist 
using a flexible strap 90 which threads through two D-ring 
openings in the plastic housing 106. The strap 90 features 
mated Velcro patches on each side that secure it to the 
patient's wrist during operation. A touchpanel display 50 
renders the various GUIs described above. 

0123. The electrical interconnects on the transceiver's bot 
tom side line up with the openings 104a-c, and each Supports 
the CAN protocol to relay a digitized data stream to the 
transceiver's internal CPU, as described in detail with refer 
ence to FIG. 25. This allows the CPU to easily interpret 
signals that arrive from the monitor's body-worn sensors, and 
means that these connectors are not associated with a specific 
cable. Any cable connecting to the transceiver 72 can be 
plugged into any opening 104a-c. As shown in FIG.22A, the 
first opening 104a receives the cable 82 that transports digi 
tized ECG waveforms determined from the ECG circuit and 
electrodes, and digitized ACC waveforms measured by accel 
erometers in the cable bulkhead and the bulkhead portion 
associated with the ECG cable 82. 

0.124. The second opening 104b receives the cable 86 that 
connects to the pneumatic cuff-based system used for the 
pressure-dependent indexing measurement. This connector 
receives a time-dependent pressure waveform delivered by 
the pneumatic system to the patient’s arm, along with values 
for SYS, DIA, and MAP determined during the indexing 
measurement. The cable 86 unplugs from the opening 104b 
once the indexing measurement is complete, and is plugged 
back in after approximately 4-8 hours for another indexing 
measurement. 

0.125. The final opening 104c can be used for an auxiliary 
device, e.g. a glucometer, infusion pump, body-worn insulin 
pump, ventilator, or end-tidal CO monitoring system. As 
described with reference to FIG. 25, digital information gen 
erated by these systems will include a header that indicates 
their origin so that the CPU can process them accordingly. 

Sep. 15, 2011 

I0126. Measuring and Displaying Time-Dependent Physi 
ological Signals 
0127 FIGS. 23A and 23B show how a network of sensors 
78a-c, 83, 84, 87, 94 within the body-worn monitor 100 
connect to a patient 70 to measure time-dependent ECG 261, 
PPG 262, OSC 263, ACC 264, and RR 265 waveforms. 
These, in turn, yield the patient's vital signs and motion 
parameters. Each waveform 261-265 relates to a unique 
physiological characteristic of the patient 70. For example, 
each of the patient's heartbeats generates electrical impulses 
that pass through the body near the speed of light, along with 
a pressure wave that propagates through the patient's vascu 
lature at a significantly slower speed. Immediately after the 
heartbeat, the pressure wave leaves the heart 148 and aorta 
149, passes through the subclavian artery 150 to the brachial 
artery 144, and from there through the radial and ulnar arter 
ies 145 to smaller arteries in the patient's fingers. Three dis 
posable electrodes 78a-c attached to the patient’s chest mea 
Sure unique electrical signals which pass to a single-chip 
ECG circuit 83 that terminates a distal end of the ECG cable. 
Typically, these electrodes attach to the patient’s chest in a 
conventional Einthoven's triangle configuration featuring 
three unique vectors, each corresponding to a different lead 
(e.g. LEAD 1, II, II). Related configurations can also be used 
when five and twelve-lead ECG systems are used in place of 
the three-lead system, as described above with reference to 
FIGS. 21A, 21B. Within the ECG circuit 83 signals are pro 
cessed using an amplifier/filter circuit and analog-to-digital 
converter to generate a digital ECG waveform 261 corre 
sponding to each lead. The ECG waveform 261 features a 
sharp, well-defined QRS complex corresponding to each 
heartbeat; this marks the initiation of the patient’s cardiac 
cycle. Heart rate is determined directly from the ECG wave 
form 261 using known algorithms, such as those described in 
the following journal article, the contents of which are incor 
porated herein by reference: ECG Beat Detection Using 
Filter Banks, Afonso et al., IEEE Trans. Biomed Eng., 
46:192-202 (1999). 
I0128. To generate an IP waveform 265, one of the ECG 
electrodes in the circuit 78a is a driven lead that injects a 
Small amount of modulated current into the patient's torso. A 
second, non-driven electrode 78c, typically located on the 
opposite side of the torso, detects the current, which is further 
modulated by capacitance changes in the patient's chest cav 
ity resulting from breathing. Further processing and filtering 
of the IP waveforms 265 yields respiratory rate. Respiration 
can also be determined using an adaptive filtering approach 
that processes both the IP waveform and ACC waveform 264, 
as described in more detail in the following co-pending patent 
application, the contents of which are incorporated herein by 
reference: BODY WORN MONITOR FOR MEASURING 
RESPIRATION RATE (U.S. Ser. No. 12/559,419, Filed Sep. 
14, 2009). 
I0129. The optical sensor 94 features two LEDs and a 
single photodetector that collectively measure a time-depen 
dent PPG waveform 262 corresponding to each of the LEDs. 
The sensor and algorithms for processing the PPG waveforms 
are described in detail in the following co-pending patent 
application, the contents of which have been previously 
incorporated herein by reference: BODY-WORN PULSE 
OXIMETER (U.S. Ser. No. 12/559,379; filed Sep. 14, 2009). 
The waveform 262 represents a time-dependent volumetric 
change in vasculature (e.g. arteries and capillaries) that is 
irradiated with the sensor's optical components. Volumetric 
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changes are induced by a pressure pulse launched by each 
heartbeat that travels from the heart 148 to arteries and cap 
illaries in the thumb according to the above-describe arterial 
pathway. Pressure from the pressure pulse forces a bolus of 
blood into this vasculature, causing it to expand and increase 
the amount of radiation absorbed, and decrease the transmit 
ted radiation at the photodetector. The pulse shown in the PPG 
waveform 262 therefore represents the inverse of the actual 
radiation detected at the photodetector. It follows the QRS 
complex in the ECG waveform 261, typically by about one to 
two hundred milliseconds. The temporal difference between 
the peak of the QRS complex and the foot of the pulse in the 
PPG waveform 262 is the PTT, which as described in detail 
below is used to determine blood pressure according to the 
Composite Technique. PTT-based measurements made from 
the thumb yield excellent correlation to blood pressure mea 
sured with a femoral arterial line. This provides an accurate 
representation of blood pressure in the central regions of the 
patient's body. 
0130. Each accelerometer generates three time-dependent 
ACC waveforms 264, corresponding to the X, y, and Z-axes, 
which collectively indicate the patient's motion, posture, and 
activity level. The body-worn monitor, as described above, 
features three accelerometers that attach to the patient: one in 
the wrist-worn transceiver 72, one in the ECG circuit 83, and 
one near the bicep 87 that is included in the cable connecting 
these two components. The frequency and magnitude of 
change in the shape of the ACC waveform 264 indicate the 
type of motion that the patient is undergoing. For example, the 
waveform 264 can feature a relatively time-invariant compo 
nent indicating a period of time when the patient is relatively 
still, and a time-variant component when the patient's activity 
level increases. Magnitudes of both components will depend 
on the relationship between the accelerometer and a gravity 
vector, and can therefore be processed to determine time 
invariant features, such as posture and arm height. A fre 
quency-dependent analysis of the time-variant components 
yields the type and degree of patient motion. Analysis of ACC 
waveforms 264 is described in detail in the above-mentioned 
patent applications, the contents of which have been fully 
incorporated herein by reference. 
0131 The OSC waveform 263 is generated from the 
patient's brachial artery 144 with the pneumatic system and a 
cuff-based sensor 84 during the pressure-dependent portion 
of the Composite Technique. It represents a time-dependent 
pressure which is applied to the brachial artery during infla 
tion and measured by a digital pressure sensor within the 
pneumatic system. The waveform 263 is similar to wave 
forms measured during deflation by conventional oscillom 
etric blood pressure monitors. During a measurement, the 
pressure waveform 263 increases in a mostly linear fashion as 
pressure applied by the cuff 84 to the brachial artery 144 
increases. When it reaches a pressure slightly below the 
patient's diastolic pressure, the brachial artery 144 begins to 
compress, resulting in a series time-dependent pulsations 
caused by each heartbeat that couple into the cuff 84. The 
pulsations modulate the OSC waveform 263 with an ampli 
tude that varies in a Gaussian-like distribution, with maxi 
mum modulation occurring when the applied pressure is 
equivalent to the patient's MAP. The pulsations can be filtered 
out and processed using digital filtering techniques, such as a 
digital bandpass filter that passes frequencies ranging from 
0.5-20 Hz. The resulting waveform can be processed to deter 
mine SYS, DIA, and MAP, as is described in detail in the 
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above-referenced patent applications, the contents of which 
have been previously incorporated herein by reference. The 
cuff 84 and pneumatic system are removed from the patient's 
bicep once the pressure-dependent component of the Com 
posite Technique is complete. 
0.132. The high-frequency component of the OSC wave 
form 263 (i.e. the pulses) can be filtered out to estimate the 
exact pressure applied to the patient's brachial artery during 
oscillometry. According to the Composite Technique, PTT 
measured while pressure is applied will gradually increase as 
the brachial artery is occluded and blood flow is gradually 
reduced. The pressure-dependent increase in PTT can be fit 
with a model to estimate the patient-specific relationship 
between PTT and blood pressure. This relationship, along 
with SYS, MAP, and DIA determined from the OSC wave 
form during inflation-based oscillometry, is used during the 
Composite Technique's pressure-free measurements to deter 
mine blood pressure directly from PTT. 
I0133. There are several advantages to making the indexing 
measurement during inflation, as opposed to deflation. Mea 
Surements made during inflation are relatively fast and com 
fortable compared to those made during deflation. Inflation 
based measurements are possible because of the Composite 
Technique's relatively slow inflation speed (typically 5-10 
mmHg/second) and the high sensitivity of the pressure sensor 
used within the body sensor. Such a slow inflation speed can 
be accomplished with a small pump that is relatively light 
weight and power efficient. Moreover, measurements made 
during inflation can be immediately terminated once systolic 
blood pressure is calculated. This tends to be more comfort 
able than conventional cuff-based measurements made dur 
ing deflation. In this case, the cuff typically applies a pressure 
that far exceeds the patient’s systolic blood pressure; pressure 
within the cuff then slowly bleeds down below the diastolic 
pressure to complete the measurement. 
I0134. A digital temperature sensor proximal to the ECG 
circuit 83 measures the patient’s skin temperature at their 
torso. This temperature is an approximation of the patient's 
core temperature, and is used mostly for purposes related to 
trending and alarms/alerts. 
0.135 FIG.24 shows how the above-described ECG, PPG, 
and IP waveforms, along with vital signs calculated from 
them, are rendered using different screens 300,304,306, 308 
within a GUI. In all cases, the waveforms are displayed with 
a rolling graphical technique, along with a moving bar that 
indicates the most current point in time. As per the AAMI/ 
ANSI EC-13 reference standard, the ECG waveforms are 
displayed alongside a bar that indicates a signal intensity of 1 
mV. Screen 308 shows different ECG vectors (corresponding 
to, e.g., Lead I, II, 
(0.136 III, aVR, aVF) that are rendered when the clinician 
taps the ECG waveform on screen 300, and then the corre 
sponding lead on screen 308. Waveforms for a particular vital 
sign (e.g. a PPG waveform for the SpO2 measurement; an IP 
waveform for the RR measurement) are rendered when the 
clinician taps on the value of the corresponding vital sign. 
During a measurement both waveforms and the vital signs 
calculated from them are wirelessly transmitted to the PDS, 
as described above. 
0.137 Communicating with Multiple Systems. Using the 
CAN Protocol 
0.138. As described above, the ECG, ACC, and pneumatic 
systems within the body-worn system send digitized infor 
mation to the wrist-worn transceiver through the CAN pro 
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tocol. FIG. 25 shows a schematic drawing indicating how 
CAN packets 201a-d, 212a-e transmitted between these sys 
tems facilitate communication. Specifically, each of the ACC 
215, ECG 216, pneumatic 220, and auxiliary 245 systems 
include a separate analog-to-digital converter, microcontrol 
ler, frequency-generating crystal oscillator (typically operat 
ing at 100 kHz), and real-time clock divider that collectively 
generate and transmit digital data packets 201a-d according 
to the CAN protocol to the wrist-worn transceiver 72. Each 
crystal uses the internal real-time clock on the internal micro 
processor within the respective system. This allows the 
microcontroller within each system to be placed in a low 
power state in which its real-time operating system (RTOS) 
dispatch system indicates that it is not ready to run a task. The 
real-time clock divider is programmed to create an interrupt 
which wakes up the microcontroller every 2 milliseconds. 
0139. The wrist-worn transceiver 72 features a master 
clock that generates real-time clock ticks at the sampling 
rate (typically 500 Hz, or 2 ms between samples). Each tick 
represents an incremented sequence number. Every second, 
the wrist-worn transceiver 72 transmits a packet 212e over the 
CAN bus that digitally encodes the sequence number. One of 
the criteria for accurate timing is that the time delay between 
the interrupt and the transmission of the synchronizing packet 
212e, along with the time period associated with the CAN 
interrupt service routine, is predictable and stable. During 
initialization, the remote CAN buses do not sleep; they stay 
active to listen for the synchronization packet 212e. The inter 
rupt service routine for the synchronization packet 212e then 
establishes the interval for the next 2 millisecond interrupt 
from its on-board, real-time crystal to be synchronized with 
the timing on the wrist-worn transceiver 72. Offsets for the 
packet transmission and interrupt service delays are factored 
into the setting for the real-time oscillator to interrupt Syn 
chronously with the microprocessor on the wrist-worn trans 
ceiver 72. The magnitude of the correction factor to the real 
time counter is limited to 25% of the 2 millisecond interval to 
ensure stability of this system, which represents a digital 
phase-locked loop. 
0140. When receipt of the synchronization packet 212e 
results in a timing correction offset of either a 0, +1, or -1 
count on the remote system's oscillator divider, Software run 
ning on the internal microcontroller declares that the system 
is phase-locked and synchronized. At this point, it begins its 
power-down operation and enables measurement of data as 
described above. 

01.41 Each remote system is driven with a 100 kHz clock, 
and a single count of the divider corresponds to 20 microsec 
onds. This is because the clock divider divides the real-time 
clock frequency by a factor of 2. This is inherent in the 
microcontroller to ensure that the clock has a 50% duty cycle, 
and means the clock can drift +/-20 microseconds before the 
actual divider chain count will disagree by one count, at 
which time the Software corrects the count to maintain a 
phase-locked State. There is thus a maximum of 40 microsec 
onds of timing error between data transmitted from the 
remote systems over the CAN bus. Blood pressure is the one 
Vital sign measured with the body-worn monitor that is cal 
culated from time-dependent waveforms measured from dif 
ferent systems (e.g. PPG and ECG waveforms). For this mea 
Surement, the maximum 40-microsecond timing error 
corresponds to an error of +/-0.04 mmHg, which is well 
within the error (typically +/-5 mmHg) of the measurement. 
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0142. In order to minimize power consumption, the wrist 
worn transceiver 72 and remote systems 215, 216, 220, 245 
power down their respective CAN bus transceivers between 
data transfers. During a data transfer, each system generates a 
sequence number based that is included in the synchroniza 
tion packet 212e. The sequence number represents the inter 
val between data transfers in intervals of 2 milliseconds. It is 
a factor of 500 (e.g. 2, 4, 5, 10) that is the number of 2 
millisecond intervals between transfers on the CAN bus. 
Each remote system enables its CAN bus during the appro 
priate intervals and sends its data. When it has finished send 
ing its data, it transmits a transmit complete packet indicat 
ing that the transmission is complete. When a device has 
received the transmit complete packet it can disable its CAN 
transceiver to further reduce power consumption. 
0143 Software in each of the ACC 215, ECG 216, pneu 
matic 220, and auxiliary 245 systems receive the sequence 
packet 212e and the corresponding sequence number, and set 
their clocks accordingly. There is typically some inherent 
error in this process due to Small frequency differences in the 
crystals (from the ideal frequency of 100 kHz) associated 
with each system. Typically this error is on the order of 
microseconds, and has only a small impact on time-depen 
dent measurements, such as PTT, which are typically several 
hundred milliseconds. 

0144. Once timing on the CANbus is established using the 
above-described procedure, each of the ACC 215, ECG 216, 
and pneumatic 220 systems generate time-dependent wave 
forms that are transmitted in packets 201a-d, each represent 
ing an individual sample. Each packet 201a-d features a 
header portion which includes the sequence number 212a-d 
and an initial value 210a-d indicating the type of packet that 
is transmitted. For example, accelerometers used in the body 
worn System are typically three-axis digital accelerometers, 
and generate waveforms along the x, y, and Z-axes. In this 
case, the initial value 210a encodes numerical values that 
indicate: 1) that the packet contains ACC data; and 2) the axis 
(x, y, or Z) over which these data are generated. Similarly, the 
ECG system 216 can generate a time-dependent ECG wave 
form corresponding to Lead I, II, or III, each of which repre 
sents a different vector measured along the patient's torso. 
Additionally, the ECG system 216 can generate processed 
numerical data, Such as heart rate (measured from time incre 
ments separating neighboring QRS complexes), respiratory 
rate (from an internal impedance pneumography compo 
nent), as well as alarms calculated from the ECG waveform 
that indicate problematic cardiovascular states such as VTAC, 
VFIB, and PVCs. Additionally, the ECG system can generate 
error codes indicating, for example, that one of the ECG leads 
has fallen off. The ECG system typically generates an alarm/ 
alert, as described above, corresponding to both the error 
codes and potentially problematic cardiovascular states. In 
this case, the initial value210b encodes numerical values that 
indicate: 1) that the packet contains ECG data; 2) the vector 
(Lead I, II, or III) corresponding to the ECG data; and 3) an 
indication if a cardiovascular state such as VTAC, VFIB, or 
PVCs was detected. 

0145 The pneumatic system 220 is similar to the ECG 
system in that it generates both time-dependent waveforms 
(i.e. a pressure waveform, measured during oscillometry, 
characterizing the pressure applied to the arm and Subsequent 
pulsations measured during an oscillometric measurement) 
and calculated vital signs (SYS, DIA, and MAP measured 
during oscillometry). In some cases errors are encountered 
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during the oscillometric blood pressure measurement. These 
include, for example, situations where blood pressure is not 
accurately determined, an improper OSC waveform, over 
inflation of the cuff, or a measurement that is terminated 
before completion. In these cases the pneumatic system 220 
generates a corresponding error code. For the pneumatic sys 
tem 220 the initial value 210c encodes numerical values that 
indicate: 1) that the packet contains blood pressure data; 2) an 
indication that the packet includes an error code. 
0146 In addition to the initial values 210a-d, each packet 
201a-d includes a data field 214a-d that encodes the actual 
data payload. Examples of data included in the data fields 
214a-d are: 1) sampled values of ACC, ECG, and pressure 
waveforms; 2) calculated heart rate and blood pressure val 
ues; and 3) specific error codes corresponding to the ACC 
215, ECG 216, pneumatic 220, and auxiliary 225 systems. 
0147 Upon completion of the measurement, the wrist 
worn transceiver 72 receives all the CAN packets 201a-d, and 
synchronizes them in time according to the sequence number 
212a-d and identifier 210a-d in the initial portions 216 of each 
packet. Every second, the CPU updates the time-dependent 
waveforms and calculates the patient's vital signs and 
motion-related properties, as described above. Typically 
these values are calculated as a rolling average with an 
averaging window ranging from 10-20 seconds. The rolling 
average is typically updated every second, resulting in a new 
value that is displayed on the wrist-worn transceiver 72. Each 
packet received by the transceiver 72 is also wirelessly 
retransmitted as a new packet 201b' through a wireless access 
point 56 and to both an PDS and RVD within a hospital 
network 60. The new packet 201b' includes the same header 
210b', 212b' and data field information 214b' as the CAN 
packets transmitted between systems within the body-worn 
monitor. Also transmitted are additional packets encoding the 
cNIBP, SpO2, and processed motion states (e.g. posture, 
activity level, degree of motion), which unlike heart rate and 
SYS, DIA, and MAP are calculated by the CPU in the wrist 
worn transceiver. Upon receipt of the packet 201b', the RVD 
displayS Vital signs, waveforms, motion information, and 
alarms/alerts, typically with a large monitor that is easily 
viewed by a clinician. Additionally the PDS can send infor 
mation through the hospital network (e.g. in the case of an 
alarm/alert), Store information in an internal database, and 
transfer it to a hospital EMR. 
0148 Alternate IT Configurations 
014.9 FIG. 26 shows an alternate configuration of the 
invention wherein the transceiver 72 transmits both voice and 
data information through a wireless access point 56A and to 
the Internet 55, and from there to the hospital network and 
PDS 60. Such a configuration would be used, for example, 
when the patient is located outside of the hospital (e.g. at 
home). It allows clinicians to monitor and care for a patient as 
if they were located in the hospital. Once information arrives 
at the PDS 60, it can be transferred to the hospital EMR 
system 58, or through a wireless access point 56B within the 
hospital to an external computer 62 or a portable device 64. 
0150. In an alternate embodiment, as shown in FIG. 27. 
the first wireless access point 56A shown in FIG. 26 is 
replaced by a wireless modem 64A, such as a cellular tele 
phone or personal digital assistant. Here, the wireless modem 
64A receives voice and data information from the transceiver 
through a peer-to-peer wireless interface (e.g. an interface 
based on 802.11b/g or 802.15.4). The wireless modem 64A 
then transmits the voice and data information to the Internet 
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55 using, e.g., a cellular connection, such as one based on 
GSM or CDMA. In yet another embodiment, as shown in 
FIG. 28, the transceiver 72 includes an internal long-range 
wireless transmitter based on a cellular protocol (e.g. GSM or 
CDMA), allowing it to transmit voice and data information 
directly to the Internet 55. In the embodiments shown in both 
FIGS. 27 and 28, information sent through the Internet is 
ultimately received by the PDS 60, and is sent from there 
through a wireless access point 56 to either the remote com 
puter 62 or portable device 64. 
0151. In embodiments, the transceiver 72 features mul 
tiple wireless transmitters, and can operate in multiple modes, 
such as each of those shown in FIGS. 26-28. In this case the 
wireless protocol (based on, e.g. 802.11 or cellular) is manu 
ally selected using the GUI, or automatically selected based 
on the strength of the ambient wireless signal. 
0152 
0153. In addition to those methods described above, the 
body-worn monitor can use a number of additional methods 
to calculate blood pressure and other properties from the 
optical and electrical waveforms. These are described in the 
following co-pending patent applications, the contents of 
which are incorporated herein by reference: 1) CUFFLESS 
BLOOD-PRESSURE MONITOR AND ACCOMPANYING 
WIRELESS, INTERNET-BASED SYSTEM (U.S. Ser. No. 
10/709,015; filed Apr. 7, 2004); 2) CUFFLESS SYSTEM 
FOR MEASURING BLOOD PRESSURE (U.S. Ser. No. 
10/709,014; filed Apr. 7, 2004); 3) CUFFLESS BLOOD 
PRESSURE MONITOR AND ACCOMPANYING WEB 
SERVICES INTERFACE (U.S. Ser. No. 10/810,237; filed 
Mar. 26, 2004); 4) BILATERAL DEVICE, SYSTEMAND 
METHOD FOR MONITORING VITAL SIGNS (U.S. Ser. 
No. 1 1/420,774; filed May 27, 2006); 5) CUFFLESS 
BLOOD PRESSURE MONITOR AND ACCOMPANYING 
WIRELESS MOBILE DEVICE (U.S. Ser. No. 10/967,511; 
filed Oct. 18, 2004); 6) BLOOD PRESSURE MONITOR 
ING DEVICE FEATURING A CALIBRATION-BASED 
ANALYSIS (U.S. Ser. No. 10/967,610; filed Oct. 18, 2004); 
7) PERSONAL COMPUTER-BASEDVITAL SIGNMONI 
TOR (U.S. Ser. No. 10/906,342; filed Feb. 15, 2005); 8) 
PATCHSENSORFOR MEASURING BLOOD PRESSURE 
WITHOUTACUFF (U.S. Ser. No. 10/906,315; filed Feb. 14, 
2005); 9) PATCH SENSOR FOR MEASURING VITAL 
SIGNS (U.S. Ser. No. 1 1/160,957; filed Jul. 18, 2005); 10) 
WIRELESS, INTERNET-BASED SYSTEM FOR MEA 
SURING VITAL SIGNS FROM A PLURALITY OF 
PATIENTS IN A HOSPITAL OR MEDICAL CLINIC (U.S. 
Ser. No. 1 1/162,719; filed Sep. 9, 2005); 11) HAND-HELD 
MONITOR FOR MEASURING VITAL SIGNS (U.S. Ser. 
No. 1 1/162,742; filed Sep. 21, 2005); 12) CHEST STRAP 
FOR MEASURING VITAL SIGNS (U.S. Ser. No. 11/306, 
243; filed Dec. 20, 2005): 13) SYSTEM FOR MEASURING 
VITAL SIGNSUSING AN OPTICAL MODULE FEATUR 
ING AGREENLIGHT SOURCE (U.S. Ser. No. 11/307,375; 
filed Feb. 3, 2006): 14) BILATERAL DEVICE, SYSTEM 
AND METHOD FORMONITORINGVITAL SIGNS (U.S. 
Ser. No. 1 1/420,281; filed May 25, 2006): 15) SYSTEM FOR 
MEASURINGVITAL SIGNSUSINGBILATERAL PULSE 
TRANSIT TIME (U.S. Ser. No. 1 1/420,652; filed May 26, 
2006); 16) BLOOD PRESSURE MONITOR (U.S. Ser. No. 
11/530,076; filed Sep. 8, 2006): 17) TWO-PART PATCH 
SENSOR FOR MONITORING VITAL SIGNS (U.S. Ser. 
No. 1 1/558,538; filed Nov. 10, 2006); and, 18) MONITOR 
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FOR MEASURING VITAL SIGNS AND RENDERING 
VIDEO IMAGES (U.S. Ser. No. 1 1/682,177; filed Mar. 5, 
2007). 
0154) Other embodiments are also within the scope of the 
invention. For example, other measurement techniques, such 
as conventional oscillometry measured during deflation, can 
be used to determine SYS, DIA, and MAP for the above 
described algorithms. Additionally, processing units and 
probes for measuring pulse oximetry similar to those 
described above can be modified and worn on other portions 
of the patient's body. For example, optical sensors with fin 
ger-ring configurations can be worn on fingers other than the 
thumb. Or they can be modified to attach to other conven 
tional sites for measuring SpO2. Such as the ear, forehead, and 
bridge of the nose. In these embodiments the processing unit 
can be worn in places other than the wrist, such as around the 
neck (and Supported, e.g., by a lanyard) or on the patient's 
waist (Supported, e.g., by a clip that attaches to the patient's 
belt). In still other embodiments the probe and processing unit 
are integrated into a single unit. 
O155 In embodiments, the interface rendered on the dis 
play at the central nursing station features a field that displays 
a map corresponding to an area with multiple sections. Each 
section corresponds to the location of the patient and 
includes, e.g., the patient's vital signs, motion parameter, and 
alarm parameter. For example, the field can display a map 
corresponding to an area of a hospital (e.g. a hospital bay or 
emergency room), with each section corresponding to a spe 
cific bed, chair, or general location in the area. 
0156 Further embodiments of the invention are within the 
Scope of the following claims: 
What is claimed is: 
1. A system for monitoring a patient, comprising: 
a vital sign monitor configured to be worn on the patient's 
body and comprising at least one vital sign sensor con 
figured to measure a vital sign value; a graphical user 
interface comprising a touchpanel display configured to 
render a set of inputfields, with each input field in the set 
indicating a different level of pain and configured to 
generate a unique pain signal once activated; a process 
ing component comprising a microprocessor and a first 
interface to the vital sign sensor configured to receive the 
Vital sign value, and a second interface to the graphical 
user interface configured to receive the pain signal; and 
a wireless transmitter configured to receive the vital sign 
value and the pain signal from the processing component 
and transmit them over a wireless interface; and, 

a remote computer configured to receive the vital sign 
value and the pain signal from the vital sign monitor. 

2. A system for monitoring a patient, comprising: 
a vital sign monitor configured to be worn on the patient's 

body, comprising: 
connecting means for attaching the vital sign monitor to 

the patient’s body; 
at least one vital sign sensor configured to be worn on the 

patient's body and continuously measure a vital sign 
value; 

a graphical user interface comprising a touchpanel dis 
play configured to render a set of input fields, with 
each input field in the set indicating a different level of 
pain and configured to generate a unique pain signal 
once activated; 

a processing component comprising a microprocessor 
and a first interface to the vital sign sensor configured 

Sep. 15, 2011 

to receive the vital sign value, and a second interface 
to the graphical user interface configured to receive 
the pain signal; and 

a wireless transmitter configured to receive the vital sign 
value and the pain signal from the processing compo 
nent and transmit them over a wireless interface to a 
network; and, 

a remote computer comprising: 
an interface to the network configured to receive the vital 

sign value and the pain signal from the vital sign 
monitor; and 

a display configured to display the vital sign value and a 
pain indicator determined from the pain signal. 

3. A patient monitor configured to be worn on the patient's 
body and comprising a sensor for continuously measuring 
blood pressure values; a graphical user interface comprising a 
touchpanel display configured to render a set of icons, each 
icon in the set indicating a different level of pain; and a 
wireless transmitter configured to receive a blood pressure 
value and a signal generated after an icon in the set of icons is 
activated, and transmit the blood pressure value and the signal 
over a wireless interface to a remote computer. 

4. A patient monitor configured to be worn on the patient's 
arm and receive signals from a sensor configured to be worn 
on the patient's torso, the patient monitor comprising a pro 
cessor that receives and processes the signals to continuously 
measure at least one vital sign value; a graphical user inter 
face comprising a touchpanel display configured to render a 
set of icons, each icon in the set indicating a different level of 
pain; and a wireless transmitter configured to receive a vital 
sign value and a signal generated after an icon in the set of 
icons is activated, and transmit the vital sign value and the 
signal over a wireless interface to a remote computer. 

5. The system of claim 1, wherein the touchpanel display 
comprises a touch-sensitive area associated with each input 
field. 

6. The system of claim 5, wherein the touch-sensitive area 
is configured to generate a digital signal after being contacted. 

7. The system of claim 6, wherein the digital signal repre 
sents a number. 

8. The system of claim 6, wherein each input field com 
prises a unique graphical icon. 

9. The system of claim 8, wherein each graphical icon 
comprises a cartoon indicating a level of pain. 

10. The system of claim 1, wherein each input field com 
prises a numerical value. 

11. The system of claim 1, wherein the vital sign monitor 
further comprises a communication system configured to 
receive audio information from the patient describing a pain 
level. 

12. The system of claim 11, wherein the communication 
system comprises a microphone. 

13. The system of claim 12, wherein the communication 
system comprises a speech-to-text converter configured to 
convert audio information received by the microphone into 
digital information. 

14. The system of claim 13, wherein the microprocessor 
comprises a third interface to the communication system, the 
third interface configured to receive the digital information. 

15. The system of claim 14, wherein the wireless transmit 
ter is further configured to transmit the digital information to 
the remote computer. 

16. The system of claim 1, wherein the remote computer 
comprises a display device. 

17. The system of claim 16, wherein the remote computer 
is further configured to render both the vital sign value and a 
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parameter determined from the pain signal on the display 
device. 

18. The system of claim 1, wherein the remote computer 
comprises an alarming system. 

19. The system of claim 18, wherein the alarming system is 
configured to generate an alarm if the pain signal or a param 
eter calculated therefrom exceeds a pre-determined thresh 
old. 
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20. The system of claim 1, further comprising a flexible 
strap configured to attach the vital sign monitor the patient's 
a. 

21. The system of claim 1, wherein the graphical user 
interface is further configured to display the vital sign value. 


