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(57) ABSTRACT 

Embodiments of the present disclosure includes a portable 
pulse oximeter, Such as a handheld pulse Oximeter, that 
provides a user with intuitive key navigation for device 
operation, which reduces an amount of visual concentration 
needed to handle and operate the Oximeter. In various 
embodiments, the portable pulse Oximeter includes one or 
more of user input keys disposed along curve, an alignment 
edge providing guidance by feel of a user's digits to the 
input keys, raised convex keys also providing navigation by 
feel, a protective boot disposed around various portions of 
the oximeter housing to protect against impacts, a table-top 
stand, combinations of the same, or the like. 
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PORTABLE PATIENT MONITOR 

BACKGROUND OF THE DISCLOSURE 

0001) 1. Field of the Invention 
0002 The present disclosure relates to the field of patient 
monitoring devices. More specifically, the disclosure relates 
to portable and handheld patient monitors, including pulse 
oximeter monitors, while other embodiments relate to vari 
ous parameters displayed by these type of patient monitors. 
0003 2. Description of the Related Art 
0004 Caregivers often employ patient monitoring sys 
tems or devices, such as pulse oximeters, capnographs, 
blood pressure cuffs, and the like, for convenient spot 
checking and even continuous monitoring of physiological 
characteristics of a patient. Patent monitoring systems gen 
erally include one or more sensors applied to a patient, a 
monitoring device, and one or more cables connecting the 
one or more sensors and the monitoring device. 
0005 Portability of these monitoring systems is advan 
tageous for a number of reasons. For example, portable 
devices provide the patient with mobility and provide the 
caregiver the option of including the monitoring device 
when transporting patients from one setting to another. For 
example, caregivers often transport patients from an ambu 
lance to a hospital emergency room, and between Surgical, 
intensive care, and recovery settings. 
0006. Some portable devices can also alleviate issues 
relating to incompatibility problems exacerbated by the 
prevalence of expensive and non-portable multiparameter 
patient monitoring systems. For example, Some portable 
patient monitoring devices are capable of outputting infor 
mation expected by one or more non-portable legacy mul 
tiparameter patient monitoring systems, where that output is 
used as an input for the non-portable systems. 
0007 One example of a patient monitoring device is a 
pulse oximeter, which is a widely accepted noninvasive 
procedure for measuring the oxygen saturation level of 
arterial blood, an indicator of oxygen Supply. Early detection 
of low blood oxygen level is critical in the medical field, for 
example in critical care and Surgical applications, because an 
insufficient Supply of oxygen can result in brain damage and 
death in a matter of minutes. However, many other indus 
tries have adopted the detection of a person’s oxygen Supply 
into their monitoring and analysis regimens, including the 
fitness industry, home or corporate care industries, elderly 
care facilities and the like. 

0008. A pulse oximeter typically provides a numerical 
readout of the patients oxygen Saturation, a numerical 
readout of pulse rate, and an audible indicator or “beep” that 
occurs in response to each pulse. In addition, the pulse 
Oximeter may display the patient’s photo plethysmograph, 
which provides a visual display of the patient’s pulse 
contour and pulse rate. 
0009. A portable pulse oximeter may be a standalone 
device, or as described in the foregoing, may be incorpo 
rated as a module or built-in portion of a multiparameter 
patient monitoring system, which also provides measure 
ments such as blood pressure, respiratory rate, EKG, or the 
like. Exemplary pulse oximeters, including standalone pulse 
Oximeters and portable pulse oximeters usable within a 
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multiparameter system, are commercially available from 
Masimo Corporation of Irvine Calif., the Assignee of the 
present application. Aspects of Such exemplary pulse oXime 
ters are disclosed in U.S. Pat. Nos. 6,770,028, 6,584,336, 
6,263,222, 6,157,850, 5,769,785, and their related patent 
and copending application families, each of which is incor 
porated herein by reference. 
0010. In many conventional patient monitoring devices, 
Such as pulse oximeters, the interaction between a caregiver 
and the device is accomplished through user input keys and 
displayed data. The user input keys are arranged in a 
topology or layout similar to a table where the input keys are 
aligned in one or more rows and/or one or more columns. In 
portable devices, such layouts do not provide an intuitive 
feel, often requiring a user to use both hands to operate the 
device. For example, caregivers often use one hand to hold 
the device and the other to punch the input keys. Such 
layouts also often engage the full attention and concentration 
of the caregiver for operation. Moreover, such row and/or 
column key layouts can even lead to losing one’s grip on the 
device when attempting single-handed operation or when 
inattentively operated. Loss of grip can lead to the device 
being dropped, knocked out of hand, off a counter, or the 
like, which can damage the device and/or lead to inaccurate 
patient monitoring. 

SUMMARY OF THE DISCLOSURE 

0011 Embodiments of the present disclosure seek to 
overcome some or all of the foregoing and other problems. 
For example, embodiments of the present disclosure include 
a portable patient monitor, Such as a handheld pulse oXime 
ter, that provides a user with intuitive key navigation and 
device operation, which reduces an amount of visual con 
centration needed to handle and operate the patient monitor. 
In various embodiments, the portable patient monitor 
includes one or more of user input keys disposed along 
curve, an alignment edge, raised convex keys providing 
navigation-by-feel, a bezel or protective boot disposed 
around various portions of the housing to resist impacts, a 
rubber cable connector housing, a table-top stand, combi 
nations of the same, or the like. Such intuitive navigation 
by-feel provides for optional single handed operation and 
reduced visual concentration on the input keys, which 
advantageously allows caregivers to give at least Some of 
their attention to, for example, the display of current and/or 
past monitored data, the patients themselves, other caregiv 
ers, or the like. 

0012. In addition to the forgoing, embodiments of the 
present disclosure also provide intuitive output of data 
relating to monitored physiological parameters. For 
example, an embodiment of the monitoring device includes 
display indicia corresponding to an indication of the perfu 
sion through a measurement site. In an embodiment, the 
indicia includes an LED bar display, or Pulse Amplitude 
Index (PAI) or (PI), which may be used as a diagnostic tool 
during low perfusion for the accurate prediction of illness 
severity, especially in neonates. 

0013 In an embodiment, the PAI bar can grow in height, 
can change color, can combine with one or more audible or 
visual alarms including audio or visual alarms that change 
pitch, on-off frequency, color, intensity, combinations of the 
same, or the like. In a preferred embodiment, the PAI LED 
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bar is highest and green when the perfusion at the site is best, 
and lowest and red when the perfusion is worst. 
0014) An artisan will also recognize from the disclosure 
herein that other indicators can be used to indicate the same 
or other data. For example, digital and/or pictorial displays 
can display values for the foregoing or other monitored data 
and the displays may combine with audio or other visual 
indicators, such as pitch or beat. Moreover, an artisan will 
recognize from the disclosure herein that the LED bars can 
be used to show additional data, Such as, for example, a 
signal quality. In an embodiment of Such signal quality 
indicators, the signal quality (SQ) LED bar can grow in 
height as the quality of the signal increases, can change color 
as the quality increases, combinations of the same, or the 
like. In a preferred embodiment, the SQLED bar is highest 
and green when the quality of the site is best, and lowest and 
red when the quality is worst. In an embodiment, a signal 
quality indicator may comprise a single LED, preferably 
lighting red when the quality is worse and optionally light 
ing green when the quality is better. This type of signal 
quality LED may combine flashing, changing the frequency 
of the flashing, audible alarms, and the like to ensure 
caregiver notices the measurement of signal quality. 
0.015 Moreover, in an embodiment, the patient monitor 
may include an indicator designed to inform a caregiver on 
whether a particular medical sensor is properly attached to 
the body tissue at the measurement site on the patient. For 
example, an advanced probe off detection (APOD) indicator 
may comprise a single LED, preferably lighting red when 
one or more connected medical sensors is not properly 
attached, optionally lighting green when the attachment is 
better. This type of probe off detection may combine flash 
ing, changing the frequency of the flashing, audible alarms, 
and the like to ensure caregiver notices whether the monitor 
is receiving data indicating improper attachment of a medi 
cal probe. Examples of the signal processing involved with 
the determination of probe off detection are disclosed in U.S. 
Pat. Nos. 6,526,300, 6,771,994, 6,360,114, 6,654,624, and 
their related patent and copending application families, each 
of which is incorporated herein by reference. 
0016. Accordingly, an embodiment of the present disclo 
Sure includes a patient monitoring device comprising elec 
tronic circuitry capable of receiving a signal output from a 
light sensitive detector capable of detecting light attenuated 
by body tissue carrying pulsing blood. The electronic cir 
cuitry is also capable of outputting audio or visual indicia 
indicative of one or more physiological parameters of the 
body tissue. The device further includes a housing including 
a top side, and a plurality of user input keys arranged on the 
top side of the housing along the periphery of one or more 
CUWS. 

0017 Another embodiment includes a patient monitoring 
device comprising electronics capable of receiving a sensor 
output and outputting audio or visual data indicative of one 
or more physiological parameters. The device also includes 
an outer body housing the electronics and including a top 
Surface having periphery edges defining an approximate 
shape of the outer body. The device further includes a 
plurality of keys disposed on the top surface of the outer 
body, and at least one alignment edge shaped to allow a user 
to determine by feel a location of the plurality of keys by 
sliding one or more digits along the at least one alignment 
edge. 
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0018 For purposes of summarizing the disclosure, cer 
tain aspects, advantages and novel features of the disclosure 
have been described herein. Of course, it is to be understood 
that not necessarily all Such aspects, advantages or features 
will be embodied in any particular embodiment. 

BRIEF DESCRIPTION OF THE DRAWINGS 

0019. A general architecture that implements the various 
features of the disclosure will now be described with refer 
ence to the drawings. The drawings and the associated 
descriptions are provided to illustrate embodiments of the 
disclosure and not to limit the scope of the disclosure. 
Throughout the drawings, reference numbers are re-used to 
indicate correspondence between referenced elements. In 
addition, the first digit of each reference number indicates 
the figure in which the element first appears. 
0020 FIG. 1 illustrates a block diagram of a patient 
monitoring system including a sensor and a portable patient 
monitor according to embodiments of the present disclosure. 
0021 FIGS. 2A-2B illustrate front top and front bottom 
perspective views of an embodiment of the portable patient 
monitor of FIG. 1. 

0022 FIG. 3 illustrates a top plan view of an embodi 
ment of the portable patient monitor of FIG. 2. 
0023 FIGS. 4A-4B illustrate right and left hand opera 
tion of an embodiment of the portable patient monitor of 
FG, 2. 

0024 FIG. 5 illustrates a bottom plan view of an embodi 
ment of the portable patient monitor of FIG. 2. 

0.025 FIGS. 6-7 illustrate side elevation views of an 
embodiment of the portable pulse patient monitor of FIG. 2. 

0026 FIGS. 8-9 illustrate front and rear views of an 
embodiment of the portable patient monitor of FIG. 2. 
0027 FIG. 10 illustrates a top plan view of a sensor cable 
connected to the portable patient monitor of FIG. 2. 
0028 FIG. 11A illustrates a perspective view of an 
embodiment of a protective boot cover and stand for the 
portable patient monitor of FIG. 2. 

0029 FIGS. 11B-11C illustrate top and bottom perspec 
tive views of the protective boot cover and stand of FIG. 
11A. 

0030 FIGS. 12A-12C illustrate vertical front perspec 
tive, horizontal front perspective and vertical rear perspec 
tive views of an embodiment of the portable patient monitor 
of FIG. 1, respectively. 

0031 FIG. 12D illustrates an exploded vertical rear 
perspective view of an embodiment of the portable patient 
monitor of FIG. 12. 

0032 FIG. 13 illustrates a front elevation view of an 
embodiment of the portable patient monitor of FIG. 12. 

0033 FIG. 14 illustrates a rear elevation view of an 
embodiment of the portable patient monitor of FIG. 12. 

0034 FIG. 15 illustrates a left side elevation view of an 
embodiment of the portable pulse patient monitor of FIG. 
12. 
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0035 FIG. 16 illustrates a right side elevation view of an 
embodiment of the portable pulse patient monitor of FIG. 
12. 

0036 FIG. 17 illustrates a top plan view of an embodi 
ment of the portable patient monitor of FIG. 12. 
0037 FIG. 18 illustrates a bottom plan view of an 
embodiment of the portable patient monitor of FIG. 12. 
0038 FIG. 19 illustrates an embodiment of a pulse 
amplitude index display of portable patient monitors such as 
those of FIG. 2 or FIG. 12. 

0039 FIGS. 20A-20D illustrate perspective views of an 
exemplary mechanical latching mechanism for attaching a 
portable patient monitor to another Surface. Such as a device, 
a wall, a bed, or the like. 

DETAILED DESCRIPTION OF THE 
PREFERRED EMBODIMENT 

0040 Embodiments of the present disclosure include a 
patient monitor, such as a handheld portable patient moni 
tors, that provides a user with intuitive key navigation. For 
example, the portable patient monitor includes a unique 
layout of user input keys and one or more elements provid 
ing a user the ability to navigate the layout by feeling those 
elements. Such intuitive operation advantageously reduces 
an amount of visual concentration needed to handle and 
operate the patient monitor. 
0041. In various embodiments, a portable patient monitor 
includes one or more of user input keys disposed along one 
or more curves. The one or more curves may roughly 
correspond to a Sweeping motion of a users thumb across 
the top side of the housing on a hand in which the user holds 
the portable patient monitoring device. Although preferably 
irregular shaped, the one or more curves may also or 
alternatively roughly correspond to a segment of a circle's 
circumference, where a radius of the circle roughly corre 
sponds to an operators thumb. Additionally or alternatively, 
the one or more curves may advantageously be substantially 
parallel to one or more alignment edges. For example, the 
monitoring device can include one or more protruding or 
groove-like edges which intuitively lead the operator's fin 
gers to the various keys in the keypad layout. In an embodi 
ment, the alignment edge is raised and at least partially 
Surrounds the layout. In one embodiment, the alignment 
edge forms an approximate irregular 'V' shape, where a first 
side of the “V” is substantially parallel to a side of the patient 
monitor housing. The first side also includes an edge tapered 
down from a high point at the vertex of the "V.” The other 
side of the irregular “V” is curved roughly mirroring the 
sweep of an operator's thumb. While preferred, an artisan 
will recognize from the disclosure herein that tapering from 
the vertex of the “V” is optional and a wide variety of other 
edge formations that guide the operator through the keypad 
layout are possible, including, for example, multiple Sub 
stantially parallel edges, indentations, perforated edges, 
irregular shapes such as the dimples of a golf ball, combi 
nations of the same or the like. 

0042. The foregoing alignment edge advantageously pro 
vides navigation-by-feel of the input keys by a user's digits, 
Such as the users thumb. Additionally, the actual keys can 
provide increased navigation-by feel. In an embodiment, the 
keys include raised convex keys that feel like bumps on the 
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Surface of the housing. Such bumps may also comprise 
unique shapes or surface textures to further identify the 
respective input key and/or its function to the operator. 
0043. In addition to the foregoing input key layout and 
alignment edges, an embodiment of the present disclosure 
includes a portable patient monitor that includes a pliable 
raised bezel or edge, such as rubber, to absorb some or all of 
an impact due to a loss of grip, an inadvertent fall from a 
table or bed, or the like. Additionally, the foregoing align 
ment edge may also be formed from a material that protects 
the display Surface from accidental impacts. In an embodi 
ment, a protective impact resistant boot may be disposed 
around various portions of the monitor. Moreover, in an 
embodiment, the electronic displays or display panel can 
advantageously be recessed slightly with respect to the 
monitor housing such that the likelihood of contact between 
the electronic displays and any potential damaging impacts 
is greatly reduced. In an embodiment, the foregoing align 
ment edge assists in raising the housing above the plane of 
the electronic displays. 
0044) Other useful ergonomic features disclosed herein 
include a cable connector housing made of pliable materials, 
Such as rubber, to protect against damaging impacts, create 
a secure connection to a sensor cable, protect a wearer of the 
sensor from sharp edges, and the like. Moreover, a table-top 
stand may provide a staging element to conveniently posi 
tion the monitor on a table, affix the monitor to a bed rail, or 
the like. In an embodiment, the table top stand includes a 
protectable boot and a retractable stand. When the stand is 
retracted, the boot can be left connected to the housing of the 
monitor to protect the monitor from damaging impacts. In an 
embodiment, the boot is comprises of a pliable material such 
as rubber. 

0045. To facilitate a complete understanding of the dis 
closure, the remainder of the detailed description describes 
the disclosure with reference to the drawings, wherein like 
reference numbers are referenced with like numerals 
throughout. 

0046 FIG. 1 illustrates a block diagram of a portable 
patient monitoring system 100 including a sensor 102 and a 
portable patient monitor 104 according to embodiments of 
the present disclosure. The monitor 104 receives an output 
signal from the sensor 102 indicative of an amount of 
absorption of light by body tissue at a measurement site. The 
term “body tissue' includes its broad ordinary and custom 
ary meaning, including body constituents, tissues, fluids 
including blood, and the like. The sensor 102 can include 
one or more emitters 106 capable of emitting light into body 
tissue 108 such as a finger, toe, ear, forehead, or the like. One 
or more light sensitive detectors 110 detect the light after it 
has been attenuated by the body tissue 108 and outputs a 
signal indicative thereof on cable 112. Some sensors 102 
include the cable 112, such as some reusable sensors, while 
other sensors 102 connect to the cable 112 through sensor 
and cable connectors, such as those disclosed in Des. Pat. 
No. 393,830 and U.S. Pat. No. 5,645,440, and their related 
patent families, each of which are incorporated by reference 
herein. 

0047 FIG. 1 also shows the monitor 104 including one 
or more microprocessors 116, a sensor interface 118, an 
instrument manager 120, and a user interface 122, including 
an audible indicator 124, a display 126, and a user keypad 
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128 comprising one or more user input keys. In an embodi 
ment, the display 126 may include one or more displayed 
parameters, including parameters relating to oxygen Satura 
tion, SpO., pulse rate, BPM, a perfusion amplitude index, 
PAI or PI, SQ or SIQ, probe off detection, APOD, or the like. 
0.048. In an embodiment, the processor 116 comprises a 
one or more integrated or other electronic circuits capable of 
executing Software or hardware instructions in order to 
determine representative values for one or more monitored 
patient parameters. The sensor interface 118 provides an 
LED drive current which, for example, may alternately 
activate the emitters 106. The sensor interface 118 also may 
comprise input circuitry for amplification and filtering of a 
sensor output signal generated by the detector 110, which 
includes information relating to light energy attenuated from 
transmission through the patient tissue 108. In an embodi 
ment, the sensor interface 118 may advantageously comprise 
a multifunction communications port capable of communi 
cating the foregoing signals to and from an attached sensor 
102, or when determined appropriate, the sensor interface 
118 may advantageously be capable of communication with 
one or more connected computing devices. The communi 
cation may be serial or parallel depending upon for example, 
an amount of available conductors. Such multifunction ports 
advantageously reduce the number of input/output circuitry 
by providing multiple functions through the same electrical 
connection depending upon, for example, a connected sen 
sor or a connected instrument. 

0049. The instrument manager 120 provides hardware 
and Software interfaces for managing the user interface 122, 
including the audible indicator 124, the display 126, and the 
keypad 128. 

0050. In an embodiment, the audible indicator 124 can 
comprises one or more transducers to generate human 
perceptible Sound indicating, for example, pulse beeps as 
well as various alarms. The display 126 comprises one or 
more visual indicators of the one or more monitored param 
eters. For example, the display 126 may comprise LEDs, 
7-segment displays, LCDs, bar graph displays, icons, traces 
Such as plethysmograph or other traces, or the like. Accord 
ing to one embodiment, the display 126 includes at least 
visual indications of SpO and PAI, as will be discussed in 
greater detail herein. 
0051 Although the patient monitoring system 100 is 
disclosed with reference to the foregoing embodiment, the 
disclosure is not intended to be limited thereby. Rather, a 
skilled artisan will recognize from the disclosure herein a 
wide number of alternatives for the patient monitoring 
system 100. 

0.052 FIG. 2A illustrates a front top perspective view of 
an embodiment of a portable patient monitor 204. According 
to one embodiment, the monitor 204 comprises electronic 
circuitry including some or all of the electronics and dis 
plays capable of performing some or all of the functionality 
disclosed with reference to the monitor 104. 

0053 As shown in FIG. 2A, the monitor 204 includes a 
housing 202 including a top side 203 comprising a param 
eter display portion 206, a keypad 208, an alignment edge 
210, a speaker grating 212, a battery power indicator 214, a 
protective bezel 216, one or more grip enhancement portions 
218, and a cable connector 220. 
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0054. In an embodiment, the housing 202 comprises 
plastic or plastic-like materials, optionally manufactured as 
a two piece injection mold. However, a skilled artisan will 
recognize a wide variety of Suitable materials and manufac 
turing techniques for the housing 202. 
0055 FIG. 2A also shows the alignment edge 210 as an 
edge raised above the top side 203 of the housing 202, 
shaped as an approximate irregular 'V' shape as discussed 
above. In the illustrated embodiment, the operator of the 
monitor 204 can feel the alignment edge, which intuitively 
leads the operator's fingers/thumb to the various keys in the 
keypad 208, advantageously providing navigation-by-feel 
functionality to the housing 202. In an embodiment, the 
alignment edge 210 includes a first side substantially parallel 
to a side of the patient monitor housing, where the first side 
includes a raised edge tapered down from a high point near 
the vertex of the “V.” The other side of the irregular “V” is 
curved roughly mirroring the Sweep of an operators thumb 
over the keypad 208. While preferred, an artisan will rec 
ognize from the disclosure herein that the alignment edge 
210 can comprise multiple Substantially parallel edges, 
indentations, perforated edges, irregular shapes such as the 
dimples of a golf ball, combinations of the same or the like. 
0056. In an embodiment, the input keys of the keypad 
208 also provide navigation-by-feel functionality. For 
example, the keys may comprise convex buttons raised 
above the display panel, where the convex buttons rise 
Sufficiently that a users thumb can easily distinguish 
between the display panel and the convex buttons. More 
over, in an embodiment, each raised convex button may 
include indicia, Such as indentations, perforated edges, 
irregular shapes such as the dimples of a golf ball, combi 
nations of the same or the like, that assist in identifying each 
key or convex button to a caregiver without the caregiver 
needing to look at the particular key. 
0057 FIG. 2A also shows the protective bezel 216 
Substantially surrounding the side periphery of the housing 
202. According to an embodiment, the bezel comprises a 
pliable material. Such as, for example, rubber, capable of 
absorbing at least some of a wide variety of impacts that the 
portable monitor 204 might incur. According to another 
embodiment, other portions of the housing 202 comprise 
pliable materials in order to better protect the monitor 204 
from damaging impacts. For example, the alignment edge 
210, the cable connector 220, and the like may comprise 
impact absorbing materials. 

0.058 FIG. 2A also shows the cable connector 220. As 
discussed in the foregoing, the cable connector 220 com 
prises the electronic connection elements for appropriately 
connecting to a cable communicating signals to and from a 
physiological sensor, such as, for example, the sensor 102. 
In an embodiment, the cable connector 220 may advanta 
geously comprise the above-described multifunction port. 
0059 FIG. 2B illustrates a front bottom perspective view 
of an embodiment of the monitor 204. As shown in FIG. 2B, 
the housing 202 of the monitor 240 also includes the one or 
more grip enhancement portions 218 comprising, for 
example, an indented or concave portion shaped to com 
fortably and ergonomically fit the fingers of an operator, and 
a protruded or convex portion shaped to comfortably and 
ergonomically fit within a palm of a hand of the operator. 
Therefore, when the operator holds the monitor 204 as 



US 2006/01898.71 A1 

shown in FIGS. 4A-4B, the monitor 204 fits securely and 
comfortably in the operator's grip. 

0060 FIG. 3 illustrates a top plan view of an embodi 
ment of the portable patient monitor 204. As shown in FIG. 
3, the monitor 204 includes the parameter display portion 
206, where the monitor 204 presents visual indications of 
one or more monitored physiological parameters. As shown, 
the display portion 206 comprises two 7-segment displays, 
302 and 304, two LED bar graphs, 306 and 308, a plurality 
of alarms, 310 and 312, and an indication of the quality of 
the input signal(s) 314. In an embodiment, the 7-segment 
display 302 displays a measurement oxygen saturation, 
SpO, as a percentage between about 0 and about 100%, 
while the 7-segment display 304 displays an indication of 
pulse rate between about 25 and 240 beats-per-minute. 

0061 Additionally, the display portion 206 includes the 
plurality of LED bar graph or gas meter style displays, 306 
and 308, and single LED alarms, 310, 312, and 314. In one 
embodiment, the bar graph 308 provides a perfusion ampli 
tude index, PAI, as will be discussed in greater detail with 
reference to FIG. 19. The PAI bar graph display 308 
indicates a measurement of perfusion percentage between 
about 0.02% and about 20%. However, an artisan will 
recognize from the disclosure herein that a wide variety of 
other ranges with other granularities could be used. The bar 
graph 306 provides a signal quality LED bar graph display 
may indicate a measurement of signal quality where the 
amplitude of the bar graph represents an increasing measure 
of signal quality. However, an artisan will also recognize 
from the disclosure herein a wide variety of data, ranges, and 
granularities can be employed to illustrate signal quality. 

0062. In an embodiment, the bar of the bar graph 308 
grows in height as, for example, the value of the parameter 
displayed becomes more physiologically normal or desir 
able, while the bar graph 306 grows in height as, for 
example, the value of the parameter displayed becomes 
more physiologically dangerous. Additionally or alterna 
tively, the color of the parameter can change from red to 
yellow to green as, for example, the value of the parameter 
displayed becomes more physiologically normal or desir 
able. Moreover, the displays may pulse or flash with greater 
or lesser frequency as the value becomes more or less 
desirable, may pulse with the heartbeat, or may be combined 
with an audible indicator capable of varying the audible 
signal in pitch, Volume, and/or beep frequency in similar 
manners to those described with respect to the displayS. 

0063 An artisan will recognize from the disclosure 
herein that one or both bar graph displays could be changed 
to represent other data, Such as, for example, a measurement 
of signal quality, an indication of proper application of the 
sensor to a test site (probe off detection), various alarms, a 
fast indication of SpO designed to track rapid changes 
therein, or the like. 

0064. In an embodiment, the single LED alarms 310, 
312, and 314 comprise a red and optionally flashing LED 
when the calculated levels of PAI, signal quality, or the like 
are below, or where appropriate, above predetermined 
thresholds, and are solid green, clear, or off when those 
values are physiologically normal or desirable. In yet 
another embodiment, the monitor 204 use the audible indi 
cator 124 in conjunction with the foregoing visual alarms to 
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alert caregivers to parameter values below, or where appro 
priate, above certain predetermined threshold values or 
patterns. 

0065 FIG. 3 also shows the keypad 208 comprising a 
plurality of user keys used to input commands or instruc 
tions to the monitor 204. As shown in FIG. 3, the keypad 
layout 208 provides a user with intuitive key navigation for 
device operation, which is ergonomically desirable and 
advantageously reduces an amount of visual concentration 
needed to handle and operate the patient monitor. For 
example, in the displayed embodiment, the input keys are 
disposed along curve roughly parallel to the alignment edge 
210. Additionally, the actual keys can provide increased 
navigation-by feel. In an embodiment, the keys include 
raised convex keys that feel like bumps on the surface of the 
housing. Such bumps may also comprise unique shapes or 
surface textures to further identify a respective input key 
and/or its function to the operator. For example, FIGS. 
4A-4B show that during operation of the monitor 204, the 
alignment edge 210, the location and optionally the shape of 
the input keys of the keypad 208 advantageously provide the 
operator intuitive navigation-by-feel through the user input 
keys. Such navigation-by-feel enhances the single handed 
operation. 

0.066 FIG. 5 illustrates a bottom view of the monitor 204 
showing the bezel 216, the grip portions 218, and the cable 
connector 220. Moreover, FIG. 5 shows a battery compart 
ment 500 usable to power the monitor 204. However, an 
artisan will recognize from the disclosure herein a wide 
variety of mechanisms for powering the monitor 204 includ 
ing A/C adapters, power from other monitoring devices, 
automobile or other adapters, combinations of the same, or 
the like. 

0067 FIGS. 6-9 illustrate side, front, and rear views of 
the monitor 204 showing alternate views of the alignment 
edge 210, the bezel 216, the grip portions 218, and the cable 
connector 220. 

0068 FIG. 10 illustrates a top plan view of a sensor cable 
connector 1002 connected to the monitor 204. When con 
nected, the sensor cable connector 1002 provides electronic 
communication between the cable connector 220 of the 
monitor 204, and one or more sensors, such as, for example, 
sensor 102. According to one embodiment, the sensor cable 
connector 1002 includes a locking mechanism releasable by 
activation of tabs 1004. The locking mechanism advanta 
geously ensures against accidental electrical and/or 
mechanical separation of the connectors 220 and 1002. FIG. 
10 also shows the cable connector 220 encompassing and 
shielding the electrical connection between the connectors 
220 and 1002. 

0069 FIGS. 11A-11B illustrate perspective views of an 
embodiment of a protective boot cover 1102 including a 
retractable table-top stand 1104. According to an embodi 
ment, the protective boot cover 1102 is shaped to accept the 
monitor 204, without visually or mechanically blocking the 
display portion 206 or the keypad portion 208 of the top 203 
of the monitor 204. As shown in FIGS. 11A-11B, the cover 
1102 comprises a pliable material capable of absorbing at 
least a portion of the type of accidental impacts that may 
occur, Such as, for example, from falling from a table or bed. 
The cover 1102 also comprises a stand, which in the 
illustrated embodiment, includes a swing arm 1104 and a 
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balancing section 1106 which combine to allow an operator 
to place the monitor 204 in an angled position on a flat 
Surface. The angled position advantageously allows the 
operator to read the monitor 204 from a horizontal point of 
view. In an embodiment, the Swing arm 1104 can be rotated 
about its hinge to lie against and optionally within the cover 
1102, thereby allowing the operator to also lay the monitor 
204 flat on its backside while still within the cover 1102. 
Once the swing arm 1104 is in its closed and optionally 
locked position, the patient monitor 204 can advantageously 
be used as a portable monitor without removal from the 
protective boot 1102. 
0070 FIG. 11C illustrates a bottom perspective view of 
the protective boot cover 1102 including a retractable table 
top stand 1104. As shown in FIG. 11C, the boot 1102 
includes a documents clip 1108 including a fixed flexible 
end 1110 and an open end 1112. In an embodiment, a 
caregiver may slide documents such as medical records, 
trend data for one or more monitored physiological param 
eters, or the like, into the open end 1112 of the clip 1108. In 
an embodiment, the slightly convex or curved shape of the 
clip 1108, along with the flexible fixed end 1110 advanta 
geously exerts a small friction fit holding force on the 
documents such that documents placed within the boot 1102 
will stay until removed. Thus, the clip 1108, advantageously 
allows caregivers a convenience area to store medical 
records associated with the monitored patient, the monitor 
204, or the like. 

0071) While disclosed with reference to FIGS. 11A-11C, 
an artisan will recognize from the disclosure herein that the 
table-top stand 1104 can comprise a wide variety of mecha 
nisms capable of standing the monitor 204 on its end. For 
example, the cover 1102 itself may form a stand, may be 
shaped to vitiate any balancing portions, may include elec 
tronic circuitry for charging or communicating with the 
monitor 204 (similar to a sync device for many handheld 
computers or cellular phones), or the like. Moreover, the 
documents clip may comprises a plurality of clips, a memory 
storage device holder, or other alternatively shaped clips 
recognizable to an artisan from the disclosure herein. 
0072 FIGS. 12A-18 illustrate views of another embodi 
ment of a portable patient monitor 1204. According to one 
embodiment, the monitor 1204 comprises electronic cir 
cuitry comprising some or all of the circuitry capable of 
performing some or all of the functionality disclosed with 
reference to the monitors 104 and 204. As shown in FIG. 
12A, the monitor 1204 includes a housing 1202 having a 
front side 1203 and a handle 1218. In an embodiment, the 
housing 1202 can rest on a Substantially flat Surface. Such as 
a table or a bed, in a plurality of positions. For example, the 
housing 1202 can rest in a vertical position where the bottom 
side of the housing 1202 rests against the substantially flat 
surface (FIG. 12A), and in a horizontal position where the 
right side of the housing 1202 rests against the Substantially 
flat surface (FIG. 12B). According to an embodiment, an 
orientation sensor may advantageously adjust the orientation 
of the display based on whether the monitor 1204 rests in the 
first or horizontal position. Discussion of Oximeters capable 
of adjusting their orientation are commercially available 
from Masimo Corporation of Irvine Calif. and are discussed 
in U.S. patent application Ser. No. 10/153.263, filed May 21, 
2002, and its related patent and copending application 
family, which are incorporated herein by reference. In an 
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embodiment, the portable patient monitor 1204 may be 
ordered as a vertical only monitor or as a horizontal only 
monitor depending upon the purchaser's desired orientation. 

0.073 FIG. 12A also shows the handle 1218 comprising 
an arcuate section capable of allowing digits of a hand to 
comfortably slide around the handle 1218 to provide a 
sturdy and firm grip on the monitor 1204. The handle 1218 
advantageously extends from a side of the monitor 1204 that 
provides easy access regardless of whether the monitor 1204 
is lying in the vertical or horizontal position. 

0074 FIG. 12A also illustrates the monitor 1204 includ 
ing an alignment edge 1210, a display portion 1206, a 
keypad 1208, a speaker grating 1212, and a cable connector 
1220, all similar to those described with reference to moni 
tors 104, 204. 

0075 FIG. 12C illustrates a vertical rear perspective 
view of an embodiment of the portable patient monitor 1204. 
As shown in FIG. 12C, the monitor 1204 may include 
outputs for transferring data to, for example, legacy or other 
physiological parameter monitoring devices, computers, or 
the like. For example, the monitor 1204 may include an 
output conventionally associated with personal computing 
input/output devices, thereby advantageously allowing per 
Sonal computing devices communication with the electronic 
circuitry, including the processor 116 of the monitor 1204. 
Such communication with personal computing devices may 
include data downloads for historical data, trend data, trace 
data, or the like for one or more monitored physiological 
parameters. The communication may also include data 
expected by the connected device. Such as, for example, data 
appearing to the connected device to be originating with the 
sensor 102. 

0.076 FIG. 12D illustrates an exploded vertical rear 
perspective view of an embodiment of the portable patient 
monitor 1204. As shown in FIG. 12D, the monitor housing 
1202 may advantageously comprise a plurality of molded 
sections that allow for straightforward inclusion of elec 
tronic and other components during the manufacture of the 
monitor 1204. For example, FIG. 12D shows the monitor 
housing 1202 comprising three molded sections including 
two sides and a front section. The two side sections include 
a plurality of novel detents 1240 shaped substantially similar 
to the arms of a pair of Scissors and adapted to capture 
exposed adjustment screws 1242 of the front section. Use of 
the detents 1240 and screws 1242 advantageously provide 
for adjustability in manufacture and rigidity after assembly. 
FIG. 12D also shows at least one side section including a 
plurality of cylindrical plastic extensions 1244 some or all of 
which are threaded to accept fasteners for pull the sides 
together and fixing the detents 1240 around the extended 
screws 1242. Although disclosed with reference to FIG. 
12D, an artisan will recognize from the disclosure herein, 
various mechanical mateable structures usable for rigidly 
assembling the sections of the monitor 1204. 

0.077 FIGS. 13-18 further illustrate various views of the 
portable patient monitor of FIG. 12. As shown in FIG. 13, 
the display panel 1302 advantageously comprises many of 
the display and user interface features disclosed with refer 
ence to monitors 104, 204, and 1204. 

0078 FIG. 19 illustrates an embodiment of a pulse 
amplitude index (PAI) display 1902 in the form of an LED 
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bar graph 1904 and single LED visual alarm 1906. The PAI 
can be used as a diagnostic tool during low perfusion for the 
accurate prediction of illness severity, especially in neo 
nates. Moreover, the rate of change in the PAI can be 
indicative of blood loss, sleep arousal, sever hypertension, 
pain management, the presence or absence of drugs, or the 
like According to one embodiment, the PAI values may 
comprises a measurement of the signal strength of the 
arterial pulse as a percentage of the total signal received. For 
example, in one preferred embodiment, the alternating por 
tion of at least one intensity signal from the sensor 102 may 
advantageously be divided by the static portion of the signal. 
For example, an infrared intensity signal may advanta 
geously be used for the PAI determination as it is less 
Subjective to noise. 

0079. In an embodiment, a PAI of below about 1.25% 
may indicate medical situations in need of caregiver atten 
tion, specifically in monitored neonates. Because of the 
relevance of about 1.25%, the monitors 104, 204, and 1204 
may advantageously include level indicia 1908 where the 
indicia 1908 swap sides of the graph 1904, thus highlighting 
any readings below about that threshold. Moreover, behav 
ior of the graph 1904, as discussed above, may advanta 
geously draw attention to monitored values below Such a 
threshold. 

0080. As discussed above, the monitors 104, 204, and 
1204 may include output functionality that outputs, for 
example, trend perfusion data, Such that a caregiver can 
monitor the PAI over time. Alternatively or additionally, one 
or more of the monitors 104, 204, and 1204 may display 
historical trace data on an appropriate display indicating the 
monitored PAI values over time. 

0081. In one embodiment, the graph 1904 shows a static 
value of perfusion for a given time period, such as, for 
example, one or more pulses. In other embodiment or 
functional setting, the graph 1904 may advantageously pulse 
with a pulse rate, may hold the last reading and optionally 
fade until the next reading, may indicate historical readings 
through colors or fades, or the like. In a preferred embodi 
ment, the LED bar 1908 is highest and green when the 
perfusion at the measurement site is best, and lowest and red 
when the perfusion is worst. Moreover, LED 1906 may 
advantageously light, or optionally flash, when the perfusion 
falls below a predetermined threshold, or may show the 
current status, Such as, for example, good perfusion green, 
cautionary perfusion yellow, and/or poor perfusion—red. 
Moreover, an artisan will recognize from the disclosure 
herein a wide variety of straightforward to complex alarm 
rules attempting to reduce the number of false alarms caused 
by the calculated perfusion values dropping below a thresh 
old. Additionally, the audible indicator 124 of the monitors 
104, 204, and 1204 may sound in conjunction with and/or 
addition to the LED 1906. 

0082 FIGS. 20A-20D illustrate perspective views of 
exemplary releasably matable mechanical latching mecha 
nisms 2002, 2004 for attaching a portable patient monitor to 
another Surface. Such as a device, a wall, a bed, or the like. 
As shown in FIG. 20A, a male latching mechanism 2002 
includes a body 2006 having attachment mechanisms 2008 
for affixing the body 2006 to one of a monitor or other 
surface. In an embodiment, the male latch 2002 includes a 
releasing tongue 2010 having a wedge-shaped catch 2012. 
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In an embodiment, the tongue 2010 is hingably attached to 
the body 2006 and is biased in a closed position using, for 
example, structural memory. The catch 2012 is positioned 
on the tongue 2010 in a manner to decrease an amount of 
force applied to the tongue 2010 that will release the catch 
2012 from a locked position. The body 2006 also includes a 
stop 2013. In addition, the male latch 2002 includes out 
wardly protruding edges 2014 of rails 2015 raised from the 
body 2006. In an embodiment, the rails 2015 are wedge 
shaped down at least a portion of their long axes. 
0.083 FIGS. 20B and 20O show an exemplary female 
latching mechanism 2004 including a body 2016 having 
attachment mechanisms 2018 for affixing the body 2016 to 
one of a Surface or a monitor. In an embodiment, the body 
2016 includes a wedge-shaped catch 2022, a stop 2023, and 
grooves 2024 in rails 2025 raised from the body 2016. 
0084 FIG. 20D shows the male and female latch por 
tions 2002, 2004 positioned such that the outwardly pro 
truding edges 2014 of the rails 2015 of the male latch 2002 
slide within the grooves 2024 of the rails 2025 of the female 
latch 2004 until the tongue 2010 hinges inwardly as the 
catch 2012 passes over the opposing catch 2022, then Snaps 
back outwardly as the stop 2013 abuts the stop 2023 and 
locks the monitor to the surface. Once in the locked position, 
at least the protruding edges 2014 and the grooves 2024, as 
well as the stop 2013 and stop 2023 assist in tightly securing 
a monitor to another Surface. Such as, for example, another 
monitoring device. Release of the latches 2002, 2004, is 
accomplished by depressing the tongue 2010 until the 
tongue 2010 hinges inwardly sufficiently to pass the catch 
2012 over the opposing catch 2022 and allow the male latch 
2002 to slide out. 

0085 Although defined with respect to a specific male 
and female latching portions, an artisan will recognize from 
the disclosure herein a wide variety of latching mechanism 
for attaching one or more of the monitors 104, 204, and 1204 
to other instruments, Surfaces, walls, beds, or the like. 
0086). Additionally, other combinations, omissions, sub 
stitutions and modifications will be apparent to the skilled 
artisan in view of the disclosure herein. Accordingly, the 
present disclosure is not intended to be limited by the 
reaction of the preferred embodiments, but is to be defined 
by reference to the appended claims. Moreover, all publi 
cations, patents, and patent applications mentioned in this 
specification are herein incorporated by reference to the 
same extent as if each individual publication, patent, or 
patent application was specifically and individually indi 
cated to be incorporated by reference. 
What is claimed is: 

1. A portable patient monitoring device comprising: 
electronic circuitry capable of receiving a signal output 

from a light sensitive detector capable of detecting light 
attenuated by body tissue carrying pulsing blood, 
wherein the electronic circuitry is also capable of 
outputting audio or visual indicia indicative of one or 
more physiological parameters of the body tissue; 

a housing including a top side; 
a plurality of user input keys arranged on the top side of 

the housing along the periphery of one or more curves; 
and 

a protective cover comprising a pliable material. 
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2. The portable patient monitoring device of claim 1, 
wherein the housing comprises a handheld housing. 

3. The portable patient monitoring device of claim 1, 
wherein at least one of the one or more curves is Substan 
tially diagonal to the housing and wherein each diagonal 
includes more than one user key. 

4. The portable patient monitoring device of claim 1, 
wherein at least one of the one or more curves is irregular. 

5. The portable patient monitoring device of claim 1, 
wherein at least one of the one or more curves roughly 
corresponds to a Sweeping motion of a users thumb across 
the top side of the housing on a hand in which the user holds 
the portable patient monitoring device. 

6. The portable patient monitoring device of claim 5, 
wherein each of the one or more curves roughly corresponds 
to the Sweeping motion. 

7. The portable patient monitoring device of claim 1, 
wherein at least one of the one or more curves includes a 
radius roughly corresponding to a users thumb on a hand in 
which the user holds the portable patient monitoring device. 

8. The portable patient monitoring device of claim 7. 
wherein each of the one or more curves roughly corresponds 
to the radius. 

9. The portable patient monitoring device of claim 1, 
wherein one or more of the user input keys are shaped to 
allow a user to differentiate by feel between the top side of 
the housing and the one or more of the user input keys. 

10. The portable patient monitoring device of claim 9. 
wherein the user input keys comprise a raised convex shape. 

11. The portable patient monitoring device of claim 1, 
further comprising at least one alignment edge Substantially 
parallel to at least one of the one or more curves, thereby 
providing a user guidance to the location of the user input 
keys on the top side of the housing by feel of the alignment 
edge. 
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12. The portable patient monitoring device of claim 11, 
wherein the at least one alignment edge is raised from a 
Surface of the top side of the housing. 

13. The portable patient monitoring device of claim 12, 
wherein the at least one alignment edge partially Surrounds 
the user input keys. 

14. The portable patient monitoring device of claim 13, 
wherein the at least one alignment edge forms a rough “V” 
shape. 

15. The portable patient monitoring device of claim 1, 
wherein the housing includes one or more Surfaces shaped to 
position a users index fingers around the housing to form a 
Secure grip. 

16. The portable patient monitoring device of claim 1, 
wherein the protective cover comprises a pliable impact 
resistive housing Surrounding at least a portion of the 
housing of the portable patient monitoring device. 

17. The portable patient monitoring device of claim 1, 
further comprising a table-top stand. 

18. The portable patient monitoring device of claim 1, 
wherein the visual indicia comprises at least blood oxygen 
saturation data. 

19. The portable patient monitoring device of claim 1, 
wherein the visual indicia comprises at pulse amplitude 
indication data. 

20. The portable patient monitoring device of claim 1, 
wherein the visual indicia comprises at a pulse rate. 

21. The portable patient monitoring device of claim 1, 
wherein the visual indicia comprises a measurement of 
perfusion through the body tissue. 

22. The portable patient monitoring device of claim 1, 
further comprising an impact resistant bezel. 
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