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(57) Abstract

A remolely programmable and accessible medical device system (10) including an interface unit {14) and a medical device (12)

connected 1o 2 patient (18) is disclosed. Through a transceiver, such as a telephone (48) or computer (50), a person may obtain status
veports from 2 remotely located medical device in audible, electronic or paper form, In addition, the person may change a protocol associated
with the medical device or be alerted to a remote location of an alarm associated with the medical device.
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METHOD AND APPARATUS FOR MONITORING A PATIENT
Field of the Invention
The present inveation relates to a remotely accessible health care system for medical applications. More
particularly, the present invention relates to a system associated with a patient medical device which permits a
healthcare provider located remote from the patient that permits the provider to monitor the patient’s current medical
condition status and with the capability of editing the patient's protoca!, documents changes to the patient’s protocol,
and notifies the care provider of alarm conditions.

Background of the Invention

Due to rising health costs, the high costs of hospital rooms, the desire to provide comfort and convenience
to patients, the medical industry has promated in-home care for patients suffering from various maladies. Many
patients must be connected to various medical devices. These medical devices frequently monitor certain parametars
of the patient’s health and have controls which must be adjusted due to changes in the patient’s needs. Therapy
changes may also require that entire protocels be programmed. in early versions of these medical devices, the
physical presence of a care provider was required to adjust the device's protocol. Such reprogramming is costly and
time-consuming.

In addition, healthcare providers such as hospitals, and health insurance agencies paying for healthcare now
often require documentation supporting all madical procedures. For example, a health insurance agency may require
that a patient prove that specific parameters which measure their health are at a certain level in order for the patient
to be reimbursed or the agency may fequire evidence that the equipment is actually being used as intended. Also,
patients or their care givers at home often fail to inform the care provider that an alarm associated with a medical
device has occurred and, in certain cases patients may tamper with a device in response to an alarm condition.

Therefare, a need exists for a remotely controliable medical device system that can inform care providers
of a patient’s status by notifying of alarm conditions and sending status reporfs to a remate fax or computer of the
care provider or other health personmel.

Summary ¢f the lovention

The present invention is directed to 2 remotely programmable medical device system and a methed far
remotely programming a medical device system via a remote transceiver that accomplishes the above-stated
ahjectives.

The system of the present invention permits a care provider to obtain, ftom a remotely located medical
device associated with a patient, the patient’s status, to change the patient’s protoce!, or to request documentation
by 2 remote transceiver with a touch-tone keypad after receiving voice-synthesized instructions. This method is
simple to use and reguires no training; it allows a care provider to perfarm the above functions wherever a phone
is located. If the care provider has access to a computer, he has the option of performing the same functions as
with the telephone, descrived above, but may also view the patient’s real time status on the computer screen as

it changes by either graphic or tabular form or send a file with the desired paramaters to the system to program

the medical device.
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The care provider computer may also instruct the system to automaticatly send a status report at set time
intervals to a specifiad Jocation and automatically calf the care provider to notify of an alarm condition. Additionally,
the system may remotely program multiple medical devices connected to une or more patients or remotely program
the protocol of multiple patients in @ single programming session by accessing a central data storage location.

Ta achieve these and other advantages, and in accordance with the purpose of the invention as embodied
and broadly described therein, the present invention defines a remotely programmable and accessible medical device
system having @ programmable protocol, the medical device system being remotely programmabie by a remote
transceiver, such as a touch-tone phone or computer, Alternatively, the medical device may not have a programmable
protocol. For instance, the device may monitor a patient’s vital signs only. The remotely programmable medical
device system of the present invention comprises a memory for storing a programmable pratocol or recard of activity
and a remote communication port for sending a voice signal te the remote transceiver, sending data to a remote fax
or computer, and receiving a remote pragramming signal from the remote transceiver. The system also comprises
a voice storage unit for storing a voice signal and a processor, coupled to: {1) the remote communication port, for
processing the programmable protocol in response to receiving the remote programming signal; (2) the voice storage
unit for accessing the voice signal from the voice storage unit; and (3} the memory for accessing the programmable
protocol from the memory.

In an additional aspect, the present invention comprises a medical device system having a programmable
alarm routine stored in a memery. The medical device system comprises a medical device which has a data port
and an interface unit coupled to or integral with the medical device data port on the medica! device via an interface
data port. The interface unit further comprises a voice storage unit for storing a voice signal stating that an alarm
conditizn has accurred and remate communication port for automatically sending the voice signal to the remote touch-
tone transceiver or automatically sending data regarding the alarm condition to @ remote fax or computer. The
interface unit also comprises a processer coupled to: {1} the remote communication port, for processing the alarm
condition in response to receiving the medicat device atarm signals; [2) the vaice storage unit for accessing the voice
signaf from the voice storage unit; and (3) the memory for accessing the atarm routine fram the memory. A signal
trom the alarm on the medical device is relayed to the interface data port via the medical device data port.

In annther aspect, the present invention comprises a remotely programmable medical device system having
a programmable protocol stored in a protocal memory, the system being programmable by a remote transceiver, The
medical device system comprises an interface unit and at least one medical device, each medicat device having a data
port and an interface unit coupled to or integral with each data port on the respective medical device via an interface
data port. The interface unit further comprises a voice storage unit for storing 8 voice signal and a remote
communication port for sending a voice signal to the remote touch-tone transceiver, sending data to 3 remote fax
or computer, and for receiving a remote programming signal {such as a duaktone multi-frequency signal in the casé
of a remote telephone} from the remote transceiver. The interface unit also comgrises a processor, coupled to: {1}
the remote communication port, for processing the programmable protocel in response to receiving the remots

programming signal; (2) the voice storage unit for accessing the voice signat from the voice storage unit; and (3} the
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memory for accessing tim programmable protocol fram the memory. The processed programmable protocol is relayed
from the processor to the medical device via the interface data port.

In another aspect, the present invention comprises a remotely programmable medical device system having
programmable protacels for multiple patients stored in a central memory location, the system being programmable
by a remote transceiver. The system comprises a remote central data storage unit, multiple medical devices
connectable with multiple patients, an interface unit for each patient, and each medical device having a data port
coupled to a data part on its respective interface unit. Each interface unit comprises a voice storage unit for storing
a voice signal and a remote communication port for sending a digital signal to the remote central data storage
location, sending data to a remote fax or computer, and for sending and receiving a remote programming signal (such
as a digital signal in the case of a computer] from the remote touch-tone transceiver. Each interface unit also
comprises a pracessor, coupled to: (1) its remote communication port, for processing the pragrammable protocol in
response to receiving the remote pregramming signal; (2} its voice storage unit for accessing the voice signal from
its voice storage unit; and {3} its memory fer accessing the programmable protocol from its memory. The processed
programmable protocol is relayed from the processor to the medical device via the interface data port. The remote
tentral data storage unit comprises: 3 voice storage unit for storing a veice signal; a first communication port for
sending the veice signal 1o the remote touch-tone transceiver, sending data to a remote fax or computer, and for
receiving a remote programming signal from the remote touch-tone transeeiver; and a second communication port for
sending and receiving signals from the data ports of the medical devices. The remate centrai data storage unit
further comprises a processor, coupled ta: (1) the first remote cemmunication port, tor processing the programmable
protecs! in response to receiving the remote programming signal; (2} the second remote communication port, for
processing the programmable protocol to be sent to the interface unit of a patient; (3) the voice starage unit for
accessing the vuvice signal from the voice storage unit; and (4) the memory for accessing the programmable protocol
from the memory. Tha processed programmable protocol is relayed from the processor of the remote central data
storage unit to the pracessor of an interface unit via the second remote communication port.

Further abjects, features, and advantages of the present inventian over the prior art will become apparent
from the detailed description of the drawings which follows, when considered with the attached figures.

Brief Bescription of the Drawings

FIGURE 1 schematically illustrates the medical system of the present invention by which a care provider
may remately access and control a medical device associated with a patient;

FIGURE 2 schematicafly ilustrates an interface arrangement af the system illustrated in Figure 1;

FIGURE 3 is a flow diagram illustrating a general control methodology of the interface;

FIGURE 4 is a flow diagram illustrating a computer programming mode of the system;

FIGURE 5 is a flow diagram illustrating an access code menu of the system;

FIGURE 6 is & flow diagram illustrating an alarm control menu of the system;

FIGURE 7 illustrates the refationship of the diagrams in Figures 7A1, 7A2, and 7A3;
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FIGURES 7A1-7A3 are flow diagrams illustrating a portion of a main menu of the system illustrated in
Figure 3 as adapted to use with a mechanical ventitator;

FIGURE 78 is a flow diagram illustrating a fax report menu of the system as adapted to use with a
mechanical vantilator;

FIGURE 7C is a flow diagram illustrating & send file menu of the system as adapted to use with a
mechanical ventilator;

FIGURE 70 is a flow diagram illustrating an edit protocel sub-menu of the system as adapted to use with
a mechanical ventilator;

FIGURE BA is a flow diagram illustrating a portion of a main menu of the system illustrated i Figure 3
as adapted to use with a vital signs monitor;

FIGURE 8B is a flow diagram illustrating a fax report menu of the system as adapted to use with a vital
signs monitar; and

FIGURE 8C is a flow diagram illustrating a send file menu of the system as adapted to use with a vital
signs monitor,

Detailed Description of the Preferred Embodiment

Reference will now be made in detail 1o 1he present preferred embodiment of the invention, examples of
which are illustrated in the accompanying drawings. Wherever possible, the same reference numbers will be used
throughout the drawings to refer to the same or like parts.

In accordance with the present invention, a remotely programmable medical device system is provided that
allows remote programming and communication with a medical device from a remotely loccated transceiver, such as
a push-button telaphone or computer. The system includes a memary, & voice storage unit, a remote communication
port, and 3 processor that is coupled to the remote communication pert, the voice storage, and the memory. It
should be understood herein that the terms “programming,” "programmable,” and “processing” are generalized terms
that refer to a host of operations, functions, and data manipulation. These terms, therefore, are not limited herein
to editing and deleting data, parameters, protocol, and codes. For example, programming and processing, as used
herein, may encompass editing, changing, erasing, entering, re-entering, viewing, reviewing, locking, and inserting
functions.

An exemplary embodiment of the system of the present invention is shown in FIG. 1 and is designated
generally by reference numeral 10. As herein embodied and shown in FIG. 1, the remotely programmable medical
device system 10 includes a medical device 12 and an interface unit 14. The medical device preferably includes a
patient connection 16, such as a wire through which patient data is transmitted, such as from a sensor,

The interface 14 includes a cable 20 for connecting the interface 14 to the medical device 12, centrols
22 for controlling operation of the interface 14, display fights 24 for indicating varicus conditions of the interface
14, and an internal audio device 26 for praviding audio alarm signals. As embodied herein, the controls 22 inclyde
a link button 28, a focal button 30, and a send butten 32. Alternatively, the local button 30 may not be present
as will be easily understood by those of skill in the art. The display lights 24 include a wait light 34, a
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phone(computer light ae', and an alarm light 38. The function of the controls 22 and the display lights 24 will be
described in detail below. The interface 14 also preferably includes a remote communication port 40 and a local
communication port 42.

In the alternative to being coupled via wiring 20, the interface 14 and medical device 12 may communicate
via an interface data port 44 and a medical device data port 46 each comprising a wireless emitter/detector pair.
Preferably, data ports 44, 46 each comprise an infra-red or RF emittes/detector, permitting wireless communication
between the medical device 12 and the interface 14. Other wireless communications ports may also be used. A
power cable 20 is preferably employed to pravide power to the medical device 12 via the interface 14. Alternatively,
tha medical device may have its own power cable coupled directly to the power source (not shown), as opposed to
being connected through the interface 14.

As embodied herein, the remote communication port 42 and the local communication port 40 {if preseat)
each comprise 2 standard modem, as is well known in the art. The modem may operate at 28800 baud or other
baud rates. The system may be arranged so that a care provider Jocated close to the patient, such as at a patient
station in a hospital when the patient is in the hospital, can access the interface 14 through the incal port 40, such
as througi a hard wire link. On the other hand, if the care provider is at 2 location remote from the medical device
system 10, the system is preferably arranged so that when the link button 28 is pressed, the remote communication
port 42 is activated. In this way, the care provider can communicate with the interface 14 via a remote transeeiver
such as a telephone 48 or a computer 50. It should be understooad that the interface 14 may be provided with but
a single port through which sigrals are input and cutput, instead of having separate local and remote ports.

For canvenience, this description refers to a care provider's use of a telephane er personal computer to
atcess the medical device 12 remotely, but it should be understood that any transceiver capahle of activation or
selection of pmggamming parameters both independently of and in response to various prompts and queries. It should
also be understood that the term "remote touch-tone transceiver” is not limited to conventional push-button
telephones having a 12 key keypad, with 08, *, and # keys. Rather, as defined hargin, the term "touch-tone
transceiver” refers to any transceiver capahle of penerating signals via a keyboard or other data entry system and
thus is not limited to transceivers that generate DTMF signals, such as conventional telephones. Examples of other
types of “touch-tone transceivers” as defined herein include computers having a keyboard and/or cursor-controliing
device, conventional push-button telephones, transmitters that convert human voice to pulse or digital or analog
signals, and pager transceivers.

With reference to FIG. 2, the elements included in the interface 14 will be described in more detail. As
stated above, the interface 14 comprises the remote communication port 42, the local communication port 40, a
protacel and event mamary 52, a voice storage unit 54, a processor 56, a voice synthesizer 58, and an access code
memary B0. Alternatively, the protocol and event memoty 52 and the processor 56 may be an integral unit. The
protocal memory B2, the veica smrége unit 54, and the access code memory 60 may all be contained in the same
memery device (such as a random access memory), or in separate memory units. Preferably, the voice storage unit

54 comprises a read-only memory (ROM). The interface 14 also includes the data port 43 for relaying information
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between the interface 14 and the medical device 12 {such as through wire 20 or by the emitter/detector 44). The
voice synthesizer 58 is preferably an integrated circuit that converts digitized vaice signals to a signat that emulates
the sound of a human voice. As embodied herein, the voice synthesizer 58 needs only be used to convert the signals
outgoing from the interface 14 to the remote telephone 48 and thus is not required for converting incoming signals
from the remote telephone 48 or from the remote computer 50 or cutgoing signals to a remete computer 60, The
voice synthesizer may comprise a commercially available speech synthesis chip.

The remote communication port 42, the local communication port 40, and the interface data port 44 are
all coupled to the processor via data buses 62a, 64a, and 663, respectively. The communication parts 40, 42
receive signals from the transceiver 48, 50 and relay those signals over the buses 62a, 64a, respectively to the
processor 58 which in turn processes those signals, performing various operations in response to these signals. If
the care provider chooses the remote communications mode from the telephopne 48, the processor 56 receives
digitized voice signals from the voice storage unit 54 via bus 702 and sends those digitized voice signals to the voice
synthesizer 58 via bus 70b, where the signals are converted to human veice emulating signals. Those human voice
signals are sent from the voice synthesizer 58 via buses 62b, 64b, 66b to buses 62a, 64a, 66b, which in turn relay
those signals to the remote communication port 42, the focal communication port 40, and the interface data port
44, respectively.

For example, if it is necessary provide instructions to the care provider operating the remote telephone 48.
The processor 56 sends a voice address signal over a data bus 70a coupling the processor 56 to the voice storage
unit 54. The voice address signal corresponds to a location in the voice Storage unit 54 containing a particular voire
signal that is to be sent to the remote transceiver 48. Lpon receiving the voice address signal, the particular voice
signal is accessed from the voice storage unit 54 and sent, via the data bus 70a, to the processor 56. The
processor 56 then relays the voice signal via the data bus 70b to the voice synthesizer 58, which converts the voice
signal and sends the converted signal via data buses 62b and 62a to the remote communication pert 42, which sends
the converted signal to the remote transceiver 48,

The veice signal retrieved from the voice storage unit 54 may be a digitized representation of a person's
vaice of a cemputer gengrated voice signal (both being well known in the art). The digitized voice signal is converted
by the voice synthesizer 58 to a signal that emulates the sound of a human voice. The voice signal instructs the
care provider on how to respond 1o the voite signal and what type of information the care provider should send.
As the remote transceiver may be a push-button telephone having a keypad with multiple keys, the care provider then
presses the appropriate key or keys, thereby sending a OTMF signal back ta the remate communication port 42 of
the interface 14. It should be understood, however, that the remote transceiver need not be a push-button telephone,
but rather any transceiver capable of sending and receiving DTMF or other similar signals. For example, the remote
transceiver may be a computer or portable remate controfler.

1 the DTMF signal sent by the care provider is 2 remote programming signal which is transmitted from the
remote telephone 48 to the remote communication port 42 of the interface 14, the remote communication port 42

then relays the remote programming signal via the data bus 62a to the processor 55. In response to receiving the
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remote programming signal, the processor 56 accesses a particufar parameter of the programming protocoi from the
protocel memory 52, To access the parameter, the processor 58 transmits a protocol address signal over the data
bus 68 that couples the processor 56 and the protocel memory 52. The protocol address signal corresponds to a
location in the protacoi memory 52 centaining the parameter. The parameter is then sent from the protocol memory
52 1o the processor 56 over the data bus 68. Depending on the nature of the remate programming signal, the
processor 56 can then perform one of a number of operations on the parameter, including editing, erasing, or sending
the parameter back to the remote transceiver 48, 50 for review. Those skilled in the art will recognize that many
types of signals or commands can be sent from the remote transceiver 48, 050 to the interface 14 for_prucessing.
Examples of such signals, how they are processed, and their effect will be described in detail below in conjunction
with the description of the operation of the present invention.

In accordance with the present invention, the medical device system 10 can incorporate various security
fneasu:es to protect against unwanted access to the interface 14 and the associated medical device 12.
Significantly, a user access code can be used to block access except by persons with the user access code, which
may be a multi-digit number {preferable a four digit number,) The medical device system 10 can be equipped with
one or multiple user access codes, which are stored in the access code memary. To initiate communication with
the medical device system 10, a care provider is connected to the medical device system 10 via the remote touch-
tone transceiver 48, 50, This cennection may be initiated by a call from the care provider to the medical device
system 10 {or 3 patiant talking on 3 telephone located near the medical device system 10}, or by a call from the
patient to the care provider, Either way the cara provider is connected to the medical device system 10. After the
connection is made between the care provider and the medical device system 10, the interface 14 is preferably
arranged to require care provider to enter @ user access code. If the care provider enters a valid user access code
(as explained abave, thare may be several valid codes), the care provider is permitted to access and/or ptogram the
programmable protocol,

During @ programming session, in certain circumstances {which will be described below), the user access
codes can be reviewed, edited, andfor erased entirely and re-entered. To perform any of these functions, a
programming signal is sent by the care provider from the remote transceiver 48, 50 to the interface 14. That
programming signal is relayed thraugh the remate communication port 42 to the processor 56, which processes the
signal and generates an access cods address signal. The access code address signal, which corresponds to 2
memory locatien in access code memory 60 holding 2 user access code, is sent over a data bus 72 to the access
cede memory 60. The particular user access code is then retrieved and sent back of tha data bus 72 ta the
processor 56, which processes the user access code in some manner.

To communicate with the medical davice system 10, the interface is equipped with the interface data port
43. The medical davice protocol can be sent from the interface 14 to the medical davice 12 via the interface data
port 43 and the medical device data port 46. Thus, for example, the processor B8 accesses the protocol from the
protocol memory 52 and sends the protocol via data bus 66a to the interface data port 43. The interface data port

43 then sends the information to the medical device data port (such as through the wire 20 or the wireless
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emitteritransceiver 46), whete it is processed by circuitey andior software in the medical device 12. in this way,
the medical device protocot can be programmed (e.g., edited, redone, reviewed, locked, re-entered, etc.).

The send button 32 is designed to permit sending of the medical device data or protoco! to a remote
location, such as a computer 74 or fax machine 76. in this way, a remote record is maintained, such as at a
computer, If the computer 74 is remate from the medical device system 10, a person lacated at the interface 14
may press the send button 32, which in turn downloads the existing protocol or data to the remote communication
port 42. The protocol is then transmitted via the remote communication port 42 ta the remote computer 74.

The link butten 28 is preferably used to initiate or enter into the remote programming mede of the medical
device system 10, When initiating a programming session, the care provider calls the telephone number correspanding
to the medical device system 10 {or the patient's home phone). The patient 18 may apswer the call with his ar her
telephone, and the care provider and patient can communicate by standard voice signals. This is known herein as
a phone mode or patient conversation mode. The care provider then instructs the patient to depress the link butten
28, which disconnects the patient 18 from the telephone line and initiates the programming mode described below
with reference to FIGS. 3-8, If, however, the patient 18 dees not answer the care provider's call, the interface 14
may be eguipped with an internal switching system that directly connects the care provider with the interface 14
and initiates the programming mode. The internal switching may be accomplished with hardware in the interface
14 or with softwara that controls the processor 56, or with a hardware-software combination. Either way, the care
provider may then Degin processing the information and protozo! stored in the interface 14, {As described above,
the call may be initiated by the patient 18 to the care provider.)

The functions of the display lights 24 will now be described. Preferably, the display lights 24 comprise
LED's. The wait fight 34 indicates when the iterface 14 is involved in a programming session or when it is
downloading the protocal to a remote location, such as the remote computer 74, Accordingly, the wait light 34 tells
the patient 18 not to disturb the interface 14 until the wait light 34 goes off, indicating that internal pracessing
elements of the interface 14 are inactive. The phone light 38 indicates when the care provider and the patient 18
are involved in communication via the remote transceiver 48 or 50 and thus when the internal processing elements

of the interface 14 are inactive. The phone light 36 may also indicate when the medical device system 10 is raady.

The alarm fight indicates various alarm conditions and functions of the medical devite system 10. The
medical device 12 sends an atarm signal via the medical device data port to the interface data port 43. The signal
is relayaed via data bus B5a 1o the procassor 58, Noxt, the processor 56 sends a voice address signal over data
bus 70a coupling the processor 58 1o the voice storage unit 54. The veice address signal corresponds to a location
in the voice storage unit 54 containing a voice signal pertaining to the alarm condition that is to be sent to a remote
location (such as 48, 50, 74, or 76). Upon receiving the alarm address signal, the alarm signal is accessed frani
the voice storage unit 54 and sent {fia the data bus 70a to the processor. The processor 56 then relays the voice

signal via the data bus 70B to the voice synthesizer 58 which converts the voice signal and sends the converted
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signal via data buses 62a, 62b to the remate communication part 42 which sends the converted signa! to the remote
transceiver,
Remote Access of a Medical Device with the
System of the Present lavention

Referring to FIG. 3, the programming mode or sequence of the present invention will be described in detail.
A care provider may access and process the protocol of the interfaca from either the remote telephone 48, remote
computer 50 or other transceiver, as described above. The programming made by remote telephone 48 will first be
tescribed. The care provider dials the telephone number corresponding to the medical device {Step 1), A‘ synthesized
voice massage will ask the care provider whether the care provider wishes to first converse with the patient prior
to the remote programming session (Step 2} If the care provider chooses "yes,” the care provider and patient
communicate by standard voice signals {Step 3). Mare specifically, the patient would pick up local phone 48A which
is in communication with the local port 40 and speak with the care provider who is on the remote phone 48 in
communication with the remote port 42, (See Figure 1.} After the conversation is completed, the care pravider asks
the patient to depress the link button on the interface (Step 4), which connects the care provider with the interface
{Step 5}, terminates the phone mode, and initiates a remote touch-tone programming session. !f the care provider
chooses not to talk to the patient before the remote programming session (Step 6), the care provider may chbose
"no" {Step 6), end is directly connected to the interface 14, thereby directly initiating a remote touch-tone
programming sessien by going to the access code menu {FIG. 5) without antering into conversation mode.

Alternatively, the caré provider may access and process the protocol of the interface from a remote
computer 50. The care provider may directly initiate pregramming mode by having the modem of the remote
computer 50 dial the number of the medical device system 10, In the event that the device 10 is only manitoring
a patients vital signs, the care provider can retrieve the vital signs as will be understood by ane of skill in the art.
[nitially, a message will appear on the care provider's computer screen gquerying the care provider whether the care
provider wishes to view a menu with additiona! options befere going to the main menu. As shown in FIG, 4, such
options include, but are not limited to: sending the status of the patient’s condition to the care provider's computer
(Step B); loading a new protocol from 2 file on the provider's computer (Step 9); activating real time manitor mode
so that the provider may view the patient’s current condition as it changes {Step 10); receiving the PM history of
the device (Step 11); and activating the diapnostics mode (Step 12). If the care provider choases not to go to the
special optians meny {Step 7}, he may ‘gu directly to a remote progracming session by going to the access code
manu (FIG. 5). '

Access Code

if the user enters a comrect access code {Step 13), the user is preferably aliowed to perform certain
functions refating to the access code. For example, and referring to FIG. 5, if the care provider has entered 2 master
access code, the interface 14 gen'erates 3 number of voice queries {for 2 telephone link; a signal representing
alphanumeric text of the same message may be transmitted when a computer 80 is being used), that are transmitted

to the care provider and provide the care provider with a number of options. First, in Step 14, the care provider
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is asked whether a new }naster access code is 1o be entered and is instructed to press a certain button on the touch
tone keypad {in this case the numbar "1") to select this option. !f the care provider selects this option, the interface
14 tells the care provider to anter the existing master access code {Step 15) and to enter a new master access code
{Step 16). The newly entered master access code is then read back to the care provider by the interface 14 (Step
17), and the interface 14 generates a voice command that tells the cave provider to press the "#" key on the keypad
to accept this new master access codel. If the care provider presses the “#” key, the interface 14 returns (Step
18) the care provider to the access cede menu. Those skilled in the are will recognize that the keys to be pressad
by the care provider are only exemplary and that ather keys could be designated to accept andjor select various
optians and pragramming entries.

Second, in Step 19, the care provider is asked whether a new user access code is to be entered and is
instructed to press a certain button on the touch tone keypad {in this case the number "2") to select this option.
i the care provider selects this option, the interface 14 tells the care provider to enter a new user access code iStep
20). If the entered new user access code already exists, the program loops around and asks the care provider to
enter a pew master access code again (not shown). If the newly entered user access code does not already exist,
the new user access code is then read back to the care provider by the interface 14 (Step 21), and the interface
14 generates a voice command that tells the care provider to press the “#" key on the keypad to accept this new
user access code. f the care provider prasses the "#" key, the interface 14 returns (Step 22) the care provider to
tha access code menu,

Thizd, in Step 23, the care provider is asked whether he er she would like to query the user access codes
and is instructed to press 2 certzin button on the touch tone keypad fin this case the number "3"} to select this
option. If the care provider selects this option, the interface 14 tells the care provider in Step 24 that there are
a certain number 9{ user actess codes (depending on how many there are). In Step 25, the interface 14 recites the
user access codes to the care provider and continues reciting the user access codes uatif all are recited. After
cempleting reciting the user access codes, the interface 14 returns [Step 26) the care provider to the access code
menu,

Fourth, in Step 27, the care provider is asked whether he or she would like to erase the user access codes
and is instructed to press a certain button on the touch tone keypad (in this case the number 4"} to seiact this
option. If the care pavider salects this option, the interface 14 asks the cate provider to select one of two aptions:
{1) to erase specific user codes, press a certain button on the touch-tone keypad {in this case the number “1") (see
Step 28); or (2) to erase all user access codes, press a different button fin this case the number 2% {see Step 33).
1t the care provider selects Step 28, the care provider is asked to enter the specific user access code to be deleted
{Step 29}, and the interface 14 reads back that specific user access code in Step 30. The interface 14 theo asks
the care provider to press the "#" button on the touch-tone keypad to accept deletion of that user access code and
is returnad to the access code menu. 1 the care provider selects Step 33 (glabal deletion), the interface 14 warns
the care provider that he or she is about 10 erase all the user access codes and asks for the care provider 1o press

the "#" button to accept {Step 34). The interfate then returns (Step 35) to the access code meny,
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Fifth, in Step 36, the care provider is asked to press a certain number {in this case "5") to exit the access
code menu. 1f the care provider selects this option, the interface 14 returns (via Step 37} to the access code
prampt.

The interface 14 may also be programmed so that access is prevented without entry of an access or
security code {not shawn).

Main_Meny

If the care provider has entered a correct user access code and has either by-passed the above functions
relating to the access code or has completed them, the processor 56 accasses from the voice storage unit 54 (o
by a signal representing alphanumeric characters transmitted to a computer) a number of voice queries comprising
a main menu. Referring to FIG. 3, a number of options are presented to the care provider through the main menit.
The particular items presented may vary depending upon the particular medical device with which the system is being
used, the pumber of medical devices being used with the system (as described below), or the number of patients that
are connected to the system (as described below).

The main menu of FIG. 3 ilustrates a meny which is generaliy useful with a wide range of medical devices
and which presents a number of advantageous proceduras of the system of the present invention. It should be
understood that other menu features may be provided. As illustrated, the care provider is asked to select among
several options by pressing a key on the touch-tone keypad (or on a computer keypad).

Certain options will he applicable for every medical device such as talking to the patient {Step 38) and the
alarm review moda [Step 39). If the care provider selacts direct conversation with the patient, the connection is
switched to a phone mode (Step 40). In the phone mode, the care provider can tatk with the patient to verify
pragramming changes (Step 41} The care provider can then hang up the remote telephone 48 after completing
conversation with the patient {Step 42). If the care provider selects the atarm review mode in Step 39, the interface
generates voice queries that are transmitted to the care provider. As illustrated in FIG. B, the care pravider has the
option of reviewing the fax or phone number(s) that will be automatically dialed in the case of an alarm condition,
Far example, the syathesized voice will state,"alarm natification number ane is 123456790; afarm notification number
twa is 2345678" {Step 43). In Step 44, the care provider has the option of deleting an existing number by entering
in the number to be deleted through the transceiver (Step 451, The care provider may choose to delete additional
numbers [Step 46), or go to the add alarm notification option (Step 47). 1f the care provider selects the option of
adding additional alarm notificatien numbers in Step 48, the care provider may add an additional number by entering
in the numbar to he added through the transceiver. In Step 43, the care provider is asked to either add another
number or go to the main menu.

Options such as faxing a report or sending a fila are also applicable for every medical device, but the type
of report or file will vary depending on the medical device. Dther options may be applicable to some medical devices,
such as editing or creating a pmtécnl, but not athers. Therefore, these non-universsl aptions are discussed below
{refer ta step or circle "D") as related to specific madical devices.

Adaption of the System of the Present Invention to
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Multiple Medicat Devices andfar Multiple Patients

in a variation of the present invention, the systam may be arranged to permit access to and control over
multiple medical devices. In this arrangement, multiple medical devices are preferably arranged to communicate with
a single interface. In a method of accessing and controlfing these multiple devices, after entering the access cods,
the care provider will be prompted 10 enter the device numbar of the particular device which the care provider wants
to access.

Another embodiment functions in the same manner as the embodiment described above. However, this
embodiment may be used for multiple patients and comprises multiple medical devices connsctable with multiple
patients, an interface unit coupled with the medical devices of each patient, and a central data sterage unit. The
central data storage unit performs the sama function as an intarface unit, but acts as a central storage location for
the protacols of multiple patients. This embadiment allows the care provider the option of calling one number from
the remete transceiver, the number of the central data storage unit, 1o program the protocols of multiple patients
instead of calling the number of each patient; however, the care provider still retains the option of calfing the
interface unit of a particular patient it the care provider wishes to program the protocol of a single patient. The
remote central data storage unit comprisas two remote communication ports, a protocel and event memory, a voice
storzge unit, 2 pracessor, a voice synthesizer, and an access code memary. The protoco) memory, the voice storage
unit, the veice synthesizer, and the access code memaory are the same as these for the interface units. Each of the
two remote communication ports is coupled 1o the processor via data buses. The first remote communication port
receives signals from a remote transceiver and relays those signals over the buses te the processer which performs
various operations in yesponse 1o those signals. Next, the signals are sent by a data bus to the second remote
communication port which then relays the signals to the specified interface unit via the remote communication port
of the interface |upit. The signals are then processed in the same manner as the interface unit processor without
a central data st{nrage unit processes the signals it receives from the remote touch-tone transceiver.

it should be understood that the above programming and functions destribed above provide only examples
of how the care provider, interface wnit, and centra) data storage unit may interact via a remote touch-tone
transceiver. Therefore, additional or alternative steps and procedures can be designed and implementsd for remote
programming of the present inventian. Accordingly, only some of the steps described above nead be included in the
inventian; the steps may be canducted in a ditferent arder; additional or fewer protecel parameters may be controlied
by the care pravider; and different operational modes may be chosen.

Furthermore, the present invention can ba used with a variety of medical devices. As discussed below, the
present invention is used for reviewing and programming the protocol of @ mechanical ventilator and a2 vital signs
monitor. It will be apparent to those skilled in the art that varicus modifications and variations can be made in the
apparatus and method of the present invention without departing from the spirit or scope of the invention. Thus,

it is intended that the present invention cover any medifications and variations of this invention.
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Adaptation of the System of the Prasant Invention for

Lse with a Mechanical Ventilator

Referring to FIG. 7A1, step "D," examples of specific main menu options for a mechanical ventilator will
be described. If the care provider has selected review of the current protacol in Step 58, the interface 14 provides
the cars provider with a variety of information (Fig 7A2). The care provider is told tidal volume (Step 51); the breath
rate {Step 52J; the high pressure setting (Step 53); the mode (Step 54); the peak flow (Step 55); the iow pressure
setting (Step 56); tha PEEP level (Step 57); the elapsed time {Step 58); and the iast alarm (Step 59). After providing
this information to the care provider, the interface 14 in Step 80 returns to the main menu as FIG. 3

With reference to FIG. 7A2, the edit mede will be described in detail. If the care provider has selected the
edit mode in Step 61, the interface 14 permits the care provider to edit the current protocol. In this mode, some
parameters may be maintained while others may be edited. The care provider is requested to enter the serial number
of the mechanical ventilator (Step 62), the care provider identification number (Step 63}, and the patient's
identification number (Step 64). These numbers are for record keeping purposes, and are included in any report or
file requested by the care provider. In Step 65 the care provider is told the current tida! velume. The care provider
is then asked to enter a new rate, or press the # button on the keypad to accept the new rate (Step 66}, Similar
eperations are performed on the breath rate, the high pressure setting, made, current peak flow, low pressure setting,
and PEEP level (Steps 67 - 78). After editing, the interface 14 transfers to the sub-menus of FIG. 7D (Circle G).

Referring new te FIG. 7D, the edit mode sub-menus provide the care provider with several options after
editing the protocol. The first edit mode sub-menu allows the care provider to send (i.e., save! the edits to the
ventilator by pressing a certain key on the keypad (Step 79), to review the edits by pressing a diffsrent key on the
keypad {Step 80), and to cance! the edits by pressing still a different number on the keypad (Step 81). If the care
provider selects sending the edits (Step 79), the new protocal is sent to the respirator (Step 82), and the care
provider is told goodbye. The care pravider is then transferred to patient conversation mode (Step 83}, and the care
provider is put {n connection with the patient to verify the programming {Step 84). After verifying the programming
changes with the patient, the care provider hangs up the remote telephene 48 (Step 85), and the programming
session is completed.

If the care provider selects reviewing the edits (Step 80}, the interface 14 reports the new parameters of
the protocol to the care provider (Step 86). After reporting, the care provider is taken to the second edit mode sub-
menu which permits the care provider to select: (1) send the edits (Step 87), {2) edit the edits (Step 88), or (3
cancel the edits (Step B9). If the care provider selects sending the amended protocel [Step 87), the new protocol
is sent to the respirator {Step 90), and the care provider is totd goodbye. The care provider s then transferred to
patient conversation mode (Step 81), and the care provider is put in connection with the patient to verify the
programming {Step 82). After verifying the programming changes with the patient, the care provider hangs up the
remote tefephone {Step 93} and the programming session is terminated. .

it the care provider selects the create mode in Step 94 (see FIG. 7A1), the care provider is asked to

program various parameters for the new protacel. As illustrated in FIG. 7A2, the care provider is asked to enter
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the tidal voluma (Step 95) after which the entered tidal volume is read back, and the care provider is asked to press
the # button to accept this rate. The care provider follows the same procedure for entering breath rate, high
pressure setting, mode, peak flow, low pressure setting, and PEEP level (Steps 86 - 101), and then the same control
menu as illustrated in FIG. 70.

If the care provider selects the fax report mode in Step 102, the interface 14 generates a number of
queries that are transmitted to the care provider and provide the care provider with a number of options. Reterring
now to FIG. 7B, Step 103, the care provider has the option of selecting a ﬂoﬁ Yeport, @ pressure report (Step 104),
or a fult report {Step 105). K the tare provider enters a number which is not an option {Step 106} the interface
unit teturns to Circle €. Naxt, the care provider is askad in Step 107 to enter the fax number of the location where
the report is ta be sent. in Step 108, the care provider may select a text report by pressing a certain button on
the keypad or a graphics report by pressing a ditferent button (Step 108). if the care provider selects the text
report, in Step 108 the care provider may then select to have the text report sent to the fax number on a daily basis
by pressing @ button on the keypad (Step 110). If the care provider chonses to request that the medical device
remote system send a daily report to the fax number, the care provider then enters the time via the touch-tone
keypad that the report will be sent ta the number (e.y., 1430 for 2:30 PM} (Step 111} H the care provider selects
a graphics repart {Step 108), the interface 14 asks the care provider to select a sample time interval (in seconds}
from 1 - 300 seconds {Step 112). I the care pravider chooses to request that the medical device remote system
send a daily graphics report 10 the fax number (Step 113}, the care provider then enters the time via the touch-tone
keypad that the report will be sent to the number (e.g., 1430 for 2:30 PM) (Step 114). If the care provider chunsés
not to have a daily report, then tha care provider will return to the main menu (Step 115} whereby the graphics
report will be sent to the fax number after the sassion is completed.

If the care provider selects the send file mode in Step 116, the care provider is transferred to the send
file menu {Circle F) in FIG 7C. Steps 117 - 124 are similar to the steps above for faxing a report except that the
computer phone number is entered {Step 121) instead of a fax number so that the report file is sent toc a computer
instead of a fax. The care provider also has the option of having the medical device remote system send the file
te a remote computer on a daily basis {Steps 122 - 123}

Adaptation of the System of the Present Invention For Use With a Vital Signs ~ Monitor

Referring to FIG. 8A, Circle D, examples of the specific main menu aptions when the medical device

comprises a vital signs moniter will be described. Such 2 monitor generally obtains patient data such as blood
pressure, temperature, pulse rate, 0, saturation, CQO, lavel, weight andlor respiration rate. If the care provider has
selected review of the current protecol in Step 125, the interface 14 provides the care provider with a variety of
information. The care provider is told the blood pressure (Step 126); the temperature (Step 127); the pulse (Step
128); the 02 saturation (Step 129); the carben dioxide level (Step 130); the weight (Step 131); and the respiration

rate {Step 132). After providing this information to the care provider, the interface 14 in Step 133 returns to the
main menuy.
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i the care prdvider selects the fax report mode in Step 134, the care providar is transfarred to the fax
report ment as Mlustrated in FIG. 8B. Upon accessing this meny, the interface 14 generates a number of voice
queries that are transmitted to the care provider and provide the care previder with a number of options. The care
provider has the option of selecting a: (1) blood pressure report, (2) temperature report, (3) pulse report, (4) 0,
saturation report, (5) carbon dioxide report, {B) weight report; {7 respiration report, or {8) fuil repart, by pressing
1-8, respectively on the touch-tons keypad (Steps 135 - 142). Next, the care provider is asked in Step 143 to enter
the fax number of the location where the report is to be sent. In Step 144, the care provider may select a test
tepart by pressing a certain button on the touch-tone keypad or 3 graphics repart by pressing a different button {Step
145), If the care provider selects a text report, interface 14 teils the care provider to enter a certain number on
the touch tone keypad to hang up and end the session {Step 146} whereby the text report will be sent to the fax
number or enter a different number i the care provider wants to return to the main menu (Step 147) whereby the
text report will be sent to the fax number after the session is completed. If the care provider selects a graphics
report (Step 145), the intarface 14 asks the care provider to select a sample time interval {in seconds) from 1 - 300
seconds (Step 148). 1f an invalid number is selected (Step 148}, the interface 14 returns to Step 148, The care
provider then enters a certain number on the teuch tone keypad to hang up and end the session whereby 1hé
graphics report will be sent to the fax number {Step 150} or enter a different number {in this case the number "2")
if the care provider wants to return to the main menu whereby the graphics repart will be sent to the fax number
after the session is completed {Step 147},

Alternatively, the device 10 may store a fax number and the device could be programmed to send faxes
including desired intormation at specific times.

If the cara provider selects the send fila mode in Step 151, the care provider is transferred to the send
file meny {Circle »;H flustrated in FIG. BC. Steps 152 - 163 are similar to Steps 135 - 147 above except that the
care provider must enter a sample time interval {Step 160} and the computer phone aumber is entered instead of
a fax number (Step 181} so that the report file is sent to a computer instead of a fax. Further, the device 10 may
be programmed to send e-mails via 2 communication network such as the Internet. in this feature of the invention,
the device would be programmed to log onte the communication network, enter 2 password stored in memory and
send an e-mail report,

In another aspect of the present invention, the device may be programmed to ask a patient guestions
regarding how thev feel, how much pain they are experienting, etc. The answers 1o these questions may be
atcessed by a care provider to assist the care provider in programming the protocel of the device as will be
understood by thase of skill in the art. For example, if a patient indicates that be or she is feeling pood, the care
provider may not edit the protecol. This feature of the invention permits the care provider to access mora
information and better treat the patient. A patient may input their data through the device 10 itself, through the
locaf phone 48A or in other ways such as thzough a computer, etc. The patient could enter this data whenever the
patient's condition changes or be prompted, ie., by a telephone ca%f or an alarm on the device 10, to enter the

information at fixed intervals.
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In accordance with the present invention, there is provided a medical system which permits the remate
access and control of & medical device. The system is arranged to permit a caregiver 1o control the medical device
{rom a remote phone, computer of other transceiver. The caregiver may obtain date from the medical device, such
as in the form of a wiitten report (such as by facsimile}, by voice data, or by grapbical or alphanumeric data
provided to a computer {which may be presented as graphs or other data en a screen andfor stored in a computer
memary). The caregiver may alse program the medical device if the device stores a programmable pratacal. In
addition, the system is arranged to that an alarm signalled by the madical device is then triggered remately as well.

Specific examples of the adaptation of the system of the invention to specific medical devices a:re described
above. Thoss of skill in the art will appreciate the adaptation of the system to a wide variety of other madical
devices.

Of course, the foregoing description is that of preterred embodiments af the invention, and various changes
and modifications may be made without departing from the spirit and scope of the invention, as defined by the

appended claims,
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WHAT 1S CLAIMED (S:

1. A remotely accessible medical device system having a programmable protecol and storing patient
data, the medical device system being programmable by a remote transceiver and capable of sending patient data
to a remote location, the medical device system comprising:

an elactronically controllable medical device connected to a patient and having a protocol or patient data
associated therewith;

a memary for storing a programmable protoco! or patient data;

a data storage unit for stering a data signal;

a communication port for connection 10 the remote transceiver for sending a data signal to a remote
location and for receiving 2 signal from the remote transceiver;

a processor arranged to manipulate the programmable protocol in said mermoty in response to receiving a
remote programming signal or to send said data signal incleding patient data from the data storage unit in response
to a remote data access signal.

2. A methad for accessing a medical device from a transceiver positioned remete from said medical
device, including a control associated with said madical device, said control having a programmable protocel or patient
data associated therewith, comprising the steps of:

establishing a connection between the medical device and the remate transceiver;

sending a signal from the remote transceiver to said control;

processing said signal and manipulating said programmable protecol if said signal is a programming signal
from said remote transceiver and sending said patient data te said transceiver or a secondary location if said signal

is a data transfer signal.
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14 GEBBRF T 2 - ERBR/BET, ZBEAAR T 2 RE58F
HEEZ 2Qa R EBEBRETHELARB 6. ARNEBREBEF
MK, XRB56 NN ERE2TRLSRBS —HZTHRK #
HRESAN, ARBs6ATEABRLAER 56 5HILFME 52 &
S8 68 XX —HBULHAET, HHNSEETF5BUAFEE 52 Pa
SHEAHNGEEANE, BEAHREBAABLARE 62 BdHIEL
K68 HELAAETZ 6. REALBRBLETHHER LHEE 6 RGH
BRELERPT RIS, OEHHE, MR, AWELAHALERE
BKEE 48, 050 A TEE., AHHEANBRARKARE, #HE#E
MEFTRGFATARMRZERKELE 48, 050 KL#EL B 14 ATAR.
BEGESFORT, ENeTERLE, AREMNGEHHEELLHR
Wh R MEREE DR FaNE.

REAEZY, EFRERR 10 TRAELSEH XL E TG LY
B UUEARENEFEG I2AAEGEF. WEKR, —APFA
RETAEKBTHRLERLER AP GRIRBHAANETE, &R FHF
REBETARZ—E3ATHPEFOHR (K, wATHIEKF). B
FERAEARTABEE A SAA P T RARSE, XARXSHE/T
GERKBHFHE. AFLLEESFZEFEELR 10 9K, —PERBEE
ZHABRRIXKAS 48, 50 5 EFARGRAAZE. XXABTRHA
HRAPERBEAEFRELRA I RSB EERFRLELZHEGEET
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EHRA) v 4, RBENBAGTERELEL G T, &
HrkPPERBRABSETSRELASE 10 28, APRERBFHE
HFREGEZAK 10z ERESE, o UBAKRBWRTEZHRLPE
BREFBARPGRARS. pEPIRB{E/ATHEA A HEKS
(e HBRES, TUASARRRSE), PEREFRXALFG AP
ES T-AET:5 58

ARt R Y, A—XRAL (KETOHE) T, APH
FRBTA#RKE, &8, P/AITLMREAEHEA., HPfFas
HePHE— e, BEETRAPERBINEZHRKAE 48, 50 X
EERo 14, ZRBETASARAAR D 122 A FLLEE 56,
A EE 56 AFHXBEZETH L -G RREGRIEGE T, A FRKE
W REFE5HPANRKSBAERSE 60 YREA P GRARKSYAEM4E T AT
B, BRS#EIREZE R AXLGRARSAMBE 60. BHTH
AP RARSBEE#HRFFASHELE N A4 2SR 56, H4
BEUREMNFXALBZERP GTRRA.

ALEFEERAA 108K, FRoXESETEoHWEH o 43,
EFRAGEHRATREGBEoHER T I HFEFTRERER 2 6 M
Bo 4X2L2E5E&4 12, A, EH R, £FE 56 A5
B2 UMAHBNFEHHELEL 66a AZABNIBoHER D
43. EEvHERED 43 REQEFREBER 2 LELR (i
FEE20XALKEHBE/KAE46), A PRFELETEBA/R
HEEHFES 12 THAE, AXHFX, ZEFELSBUTARS
B (He, #BH, £33, B, b8, £HEaA, F).

AEBEAIZEEAAAFO—ZEEE, Hdit N T4 XL L
76, REEFEEBERXHN. ABXHFFX, ~EZBRLEZHEP,
Bl AL »RAANAZFERFRELRAE 10, T8
w14 AT AE: T A # 4 32, TFRAE QBB HIE D) E L ER
W42, BEHNRELNZEBAN T 42 L X8 EZHH AN 74,

HREA 28KERBEN THARAEANETRERAAR 109X ES
BRER., AR -ZB2EW, PEREELZFIBESFEZEEZ% 10
SEGREFTS (RBAGEREEE) . BA 18 TAREIALNEE
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EREESY, PERBELBRATABLEEAEFF STAEAR. X L
HRACEBRXRBANERX, REPERBIBFARAZTEARS
4028, IHMATRAIBELELAHABRFAREBEX, EHRIE
FHRI-8ATEMAE 22, PRAAIBABEP M E G,
B UTURES~AFREE, ABBPERMA IR 43
BAABEEEX, ZAFWERTUAREY 14 P884, REHL
BE 56 0934, ARBHHLELAER. £—-FA P, PERJE
RETAFRLEEAMARED 14 PHELEPH., (P HEHE
8, BF9 TUHRAISHPBESLELH. )

AAEMEBFIT 2409308k, Ak, g7y 24 &3 LED. ¥4
T UBFAFED UATHBLEPEAMEECETRGLE &L
R, R EHANTL BER, FHI M LHERA I8 FRENKE
Bo 14, BIFHATMMARX, BFEo 14 9AFLE o 8E.
B 6 BFATHPERBEEFRA 18 ERMFELZKLE 48, 50
Wik, AZAK, FTHBEo 4R FLRAHFHEE. REN 6L
TR FEANESTEER% 10 3L 4,

ERTBFEHELHARREREERL 10 b4k, EF#
£ 122H9EFXEEEH o AEZ B oRER T 43, BEFE2HE
obamEEIAEREG6. FRE ARB6ETEXERE 64
HBWER 702 RiE—EFRAEFTHET M EL 4. GETRE
BEEEATAMEL 4 YOS A THE SR ANEST R THLE
R, BEFRETHEAELERIE (o 48, 50, 74, K 76).
—BRKEBBERHES, AELETRETHAEER 54 BT FH#
ZHEBEX T0aRAENLEE AFZ 6 REZHHKEE K T0b
HREEERTINEFTLREL, METAAR S HKETLELH
ZHHEWER 62a, 620 KZHBRENEFTHRLARR v 42, &8
BAMBO X BBREEREOETIERKEE.

HELXPHERGE N BEHERTF

$EH 3, BBAIALXVHORAFEREMPBE. —PRRP
HETAMNZEEEE 48, ZBRHFMNORATREBZ -G RILE
Boddhil, bHOHAHE. SdZ2fE% B HEBEIHRTLEHK
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HiE., PERBEIRBLEEFEEHARAGEETH(FHR 1), —
ARHUEEHLEF ORI PEARBIRATEAZCHRERRAERNLL R
AXE (TR 2). wRAPEREFAE 2, PERBEERA
Wit ERAEIETER(FE3) ., EWHE, RAKBREELE KLY
v 40 @R e A b5 48A, P HaRR 0 42 HMHE R B 5 48
g mEp R, (AE 1) 3X#4%, PERBEEZELRA
BETEo LA BB (TR, WP R{t I oFR(F
B 5), £x0EHK, FAREZEEARHELE. wRXPRRELE
RBLEZRBESENAERARE (F%6), PEELEEZTAR
BeE (J®6), F#HAEEBINB 0 14, BHARIATFEEX
Bl HAGEREBEE (B5) ABAB —ZREHREBELE.

THBW, PERSZTUNERTFN 50 HTRFALERTHY
Bil. PERATTABLERZEZTAMN 50 HAFBRASREEST
BERZRIONLFETS, AEREREARANEGLETHHRT,
AEROBAARTAER, PERAETAFIESLEST. —F
¥, ~AREHHAEPERSEGFHANER L, BHEORPR
BRUEZREFP2EJANIRZLNHNECLHIARNEL. EH 4K
w*, REHALE, AART: OPRR/LAZHTENRLEBAGR
ST RS APERBLEN T AN ERAH FEANFHNF K 9);
BEELHBEZREA AP ERLETITRAERAORSEZAET R EH
ABRSHRAE(FR10); BREEHPMEL ($HE11); ARK
FHHEX(FR12). pRPERBERBFLAANSRARERL(F
B2 7)), TR BEHRAGFARSEL (B 5) ABEIN—-ZEL
BAE.

g2l A

RAPERAERGFANRS (F%13), &A P RAEKEALFR
bR SRS —EAhk. FHLE, F45ELH 5 wRPER
BECBBA—ITARS, Bo 14 FEA-BEERH# (F—%
HEERE, SN 50 AN, RABEFLSEFFILLANSE
FUAMAE), FEFHRLAELPREREE, HAPERSER
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B—RRAA, Fh, ETVR 14, GPEREZHROGPAZIFTRR/A—H
MEGFARS, FERBFETERX AL -2 (EEHT
AEF “1” ) ARBERAR, pbRPERAIABEAH, B2 14
L PRREEIRARAGIGRARA(FR15), FtaAn—Hid
FIARE (F%16) . HIWANLIGFARBREREB Y 14 RSP HE
REEXF (FH1T), Bo U PFEA-BE4LERPERBEESET D
g Lay 4 BHURAZRFHETGTEARS., pRPERPLEHET ¥
., Bo LWEGTRAKBSELE (FR18) . FAaROHEALAARHA
RIZXEIPERBEZETORRAZFH, RACBTURBEZAHAFP
ER-E- 225 1 -T:1 PN

22, EVR 19, PERBFZANFARETHKRBEA—FHGA PG
R, fRFFHETEREIAIBEEEL - B EEL (ERATHEST
“27 ) N FRBAR. pRPERELZTAFEAR, Bo ULERDY
BRBUEEZBA TR PFFRARSE(TH20). RB{ASHEAF T
MRBLEHRE, BREER, ZXFPERPERRBAA—HHIGH
KB (REF). WRIERVASRBPTRARBREE, BHAPGHF
KEHED WABKLPRREBEE (FH21), B2 4 FL—-E54
AZFPRRB/EBRTIRE LS “4” BRANEHD P FERRS,
R PERBLEBET 44, Bo MEOGRIRESELE (% 22).

F=, ATR2, PERBEIAANPNAXBEITREOR A
RE, FEBFETEEA AL -2 (EANPAHEF
“3" ) UHABFRAR, pEPERBEIZFERAR, Bo L AR
24 L PERBERF - ZAHKOOAPFBTEANRS (KRB THESY) .
AR 25 Bu 4aQPERLEAZNAPTARS, FEEHER
PPRBLNRERGRERINE, ERNEIRA P GRARBE, o
148 P RAEE (FE26) .

o, AFR27, PERLEIRQGFAAIBIERHRA P T
RE, FEBFETEREAIMEEL T4 (EAAPHEF
“42 ) AAFHAR. bREPERBEIABEZRAR, Bo 142X
ARBEFIZRBFTEHAATZ—: (1) MR ZHBRPRE, BTH
X IRBEL—-FrEa (EXGPAHESF 17 ) (LF % 28);
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X(2) MR ERPRE, BTHA &84 (AXHFHHF “27 )
(RV% 33). wRAPERBLIRET R 28, GPERBLEFHELR
BAREAMEARFZAPGRARS (% 29, Bo 14 £¥F% 30
BHBHEZAPHRARE., REEY 14 2XPERBFETARR
XA LS “#” BURANER F T RANRGHMBRIFERTG K
BEdE, wEPERPEXBTR B (LHER), o 14 2LPp
ARV ERILEMEHAAAPFTRARBHERPERBEEET
“4” BUARA(FTHES3M) . REBvEaFEARSEE (FHR35).

RE, ETR, PERBAIRERXBET —HEZEFT (A# P
“57 ) RBHGEKGEE, bREPERPLLRABIAR, £ 14
BE (25%37) A RAKERTHE.

Bo 4 L TAHEE, FTFAHEAERRERARATRARSRE
ARB (RBF).

EX %1
EPERBECERATERASA PP HTARSHCEHEX
ZRTLEESGRAREMEAGSE, BB 56 ABEFAMEL (X
B EEL - NG AFFERTFHARAET ) GRLLEIERY
—mEFEW. AFH 3, —AANElIELRARP LT ERY
. RESHIOFAATRARELARENGRNGESTRE, #AY
EFZEGED (THME), XERIRZAOBANHD (T
BHE) mEX. -
B3N ERERFTT —AEE, BXLBEHTASHERZS
AR, #RBETALAVN AR — 808, S EEM, ek
EHRETARRE wHEFY, PEREIRAESLAELIHETESEX
JEEE (ZEANBAL) §—ARAETRF T2,
¥EARKBRERATHEFRESEZE, S5 BAIE (T 5% 38)
ABELERFRX(FHEI). pRXPERLEFRAFARL BAZHE,
ABEMBEIREREX (FH0). AERX, PEREETAY
PAXEURBREZBOBRET (TR . RePER|EZTUAL L
ERAMEEHREREE 48 (F % 42) . L EXPERBELET R
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SORBELBIEX, Bo 1 48P REFGETAH. B
6 PRT, PERVLIABZTELSLFATIAHGDREHHE LR
RETAG&E, B, SRYETRESR, ‘BLHHEFTIA
123456790; %%l % 2 % 2345678 (F % 43) . £V % 44, ¥
BRU4EZABIUREZBRAKREMEG T E(FHR4L5) £ MR —AF
AN EEHAE, PEREITOREBMNREIS SRS (F% 46) ,
A GENBLELEAR (THAT) . bRAPERESET R 48R
B mst Ll ss, PERB/EITARTKE B NGHH
Aty — R, EVRA, PERBEHRELXEH PSR
—58, AEEHLEE,

B LA~ AREIRE A XS RAETURER TEM
Efdg, RPARLEAIAGEDRREEFREAALT. LERA
TAMBRA T —ShERF#E, 284028, RAEEATE
CikE&. B, ZIEREANARARENELAOETRSGHABEEAAT S
W (R ESTRZEAB/ “D” ) .

BT3AEFEELE/XEARAHEKLAGER

EEERG—AEHP, ZATUARKHIAHFASAERES
BiFRlfld. AREHT, SAETRENARBETHSISENAE
i, E—HFEAPEHILZESFTEY, ERABGRARAE,
PEREERUEFTRAVERBEIBEGFOFARENRE
7.

F—AERH, dELaOBES TG T T4, 21,
RERFTRABRATSARA, QL2 THESARAZERGEAER
RE, S5HEARANERZAEERY —Bodn, UA—F2EES
HEA, BYRBEBABEARTES Mo R AHEGHEE, =22
MESABAHH AP REREEE, ATRAALFPERBEERE
MEBKEESE —ASH, PEEBARLEIANTH, RAEEY
BARAGTE, A3 ARAHBETEHRE; 22, pEXPER
BERENEARBAGH AT E, PEREEZBABRGErHE
RAHBEoRAYEE, BERTRBEAREALOEBRAZBAR
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#u, —HASFFHAEE, —EFFA#EL, 2R, —EFE
ARE, UEA~-GRARBARE. HUAMS, TTANEL, 254
AB, AAGFARBERBERoEANMARY)RE. HALEEE
RECHE-AZHHBIELERAER AR, F-AZRBAK TR
—AZBUEXBREETHAELERIES BRI LETILESR, K
PRABBIPATEHBAAABEIEES, BE, BFTEWEBEL
BEZNF _ZBBRARKT, ERORELIE T LAHEBREINAR
oHEXERFHRINB R, ZEREFTRERERT P REE
AREANBIRAREZIAZRAZABBERIAKABHETAHR
0 X B,

BRLEEf, FLapdtfiphARKTIERYSY, Ro ¥
O, BRAPRBEBEEMEALTEL —EAREZX ML B REGH
F. B, WheOAE2G T RPFEBTAREIPER, 2ATE
AWHZREE. Af, RA-—FrLadEdFREEz46ssh
APf; BEFETARAREHAFEER, FIMGAKT HBLE
HTABPREH/LERN; FRGORERXTRHBAE,

Wb, KA TARATEHESTRE. TEAE, FX0E
AREEFPGRARXFEANFP LR THAZS OB, o FREH
AREAARERHANGR, EFRRELAZAYHAFEBGHART T
UAZPHZE G ke AP R, Bib, AXNELETH
AXPAHEMG B AT,

EFREARRIXFENSEZ ARG RS

AEH AL $% D, AT HWRAFTENGHZH LT E$ %
AP TFHHBE., RXPERBELETR S CEABETEEEH
B, B0 UGPRRLFRLEIHFEZLE (B 7A2) . PRELRER
%A ¥ (tidal volume) (¥ 3 651) ; =B & (¥ 52); &
ZHEE (F®53); BX (F%®54); AT (F%E55); &
ZEIKE (%, 56); PEEP RF( F B 57); Lidegati (4 % 58);
LRBE (TR . AP ERBEZRE4ZELLE, TR 14 £
YRGOETEEE, whH 3 AR,
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HEH A2, BRBAFH L. PRPERELET % 61
LRABRTRHEMK, v 4 AFPRREFHH I WX, £
BX P, —REAEKTRBRERG —ETRAHEE. PERELIEE
EBRAGHEASFANGFAFT(F®62), PRERBX SHTA(F
% 63), RABANEH T (R 64). TETEIHTFRAR
FOHBY, HECOAPERBEZRXGEMRERIHT. AT R
65 PERBL TR LYY tidal volume. PERBEREHER
BAHGE, XBET ALY “4” KA ZHLE (T R66).
HMHBEREZATIEAE, REZOHE, B/X, TFEATE, &
ZHRE, WABE PEEP A+ (F % 67—78) . TR LHE, Bvo 14
EaE TD(HEBG) #FRE.

A2EFB, KRB FRLLALER BN P ERE IR/ —B
R, F-BEXTFELAAPERGE AL ET AL -#%
BEE(FRE) ZHEHNSTEAN(FERTI), FXHBETIE&ER -
FRHBEEEZEE (FHES0), ABRBEETFTIEEEL -~ KRR E
BRE (TR 8. pEFPERBEIABFAXZEE (FE 19),
FHOH UL EL LIRS (FHB2), PHE/ZHEY, PREES
FREMENBATEBEX(FHRES), PERBE IS BEAERNE
HEHEE (T8, AH5RARESEALES, PERSLLHRE
BEiZE ($B,B), GELELER.

eRPERBEABREAZR (FHRB0), v 4GP
BEREHBNOHER (FH-) . AREE, PERSEIAFIHNE
ZHBEBATFES RELRFPERBEAE (1) AEEHHK
(F%87), (2)BBELKRE (FHS8), X (3) RFELZM(F
B89, wEPERBEIAFREAGHEHH (F% 87), H&
B A ELFRB (FH0), FRERLEHEBE., PERBEIR
EHRBBBRATEEX (T %), PERBAELEAALEALIER
GR (TR, ELERAREGERLTE, PERETHEARD
% (F%93), BBELIELR.

WwEPRERBEELE SR OARBARBX (LE A1), PERE
FREEAFHNEHENLE. B TA2HF, PERBEIHEE
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WA tidal volume ( B 95) , AW AL tidal volume HRIRE,
PERBAEZHERLET ‘@~ 54, PERSLSIEHARNSTIER
ASRE, REXGHE, BA, $HRAFE, KXHIKE, LA PEEP
AE(FHEI6—101), FRGEDE 7D H FHABE O EH RE.

wRPERBREZET R 102 AR THARERX, o 14 74
—mEERE, ILELTROREAZLPERLEE, o RS
Rt —%xHm, FXETB, Y% 103, FERAEI TURABATHRS,
EARE (% 104), AR E (FE 105) . X PEHRLS
BANHFAEZ—ZRA (TR 106) , BofTEIHE E &%,
PEEBELETE 10T #EXBARLIZ R AL EINGBIGHELE.
AV % 108, PEREAEEITREIKRTEEX MRS E9—tdak
BXAEARE, AASETHF AR BALBLRSE (FHX109).
R PERB{EFRELALARSE, 2T R 108 P ERBETAELZTRA
B BETHEAXIRALE- AL LA RAFHFXGBEFALFTAEILL
BE (FH110). pPRPEARPERABERAIRFTREELELEH
BFHASTHEIAEZ-LARSE, PERBEZRESWEAS AR
AXZEREHEE (e 1430 KETFTH 2: 30) (FH111) . X
PERALAEFEBAELS (5% 109), o 42 LPpBEML LR
HER1LE00FGHEATAAR (A1) (FER112) . X2
RUELRBZRXZENZIELBEARGES AT AIAX -AHBL
BE (% 113), PERESIREEVES AR ARERE
e (40 1430 RETHF 2: 30) (FH 114) . R ERpE
REXTEHARS, PERAIEETEIEE (F% 115), @k
BAEBARERELELREHREEN AL LY.

PRPERBELETR 116 ABF X ZIHEBK, PERFELZHH
B CPHAELHESL (HEF) . $% 117—124 5 L EGR F
HA—REGTREM, BRTIHANCE SRR ARAERELS
(F% 121), WARSIHHFLAEZLH IR RZAE. PEREL
ERAMH AR BEFREABARFIAEBHINREEIH (TR
122—123) ki,
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ETRALSLEFTEREHELALNYELR

£ EZE S MED SEFREOELSETEABIHIHEY
FERRAAGHFRE IO E. IH - ALERABBEERABAGH
#, bk, KR, £, RePE, —fALERKTE, KE, H/
RFAFHE, wRPERGLET R 125 CL2ABTHE LW HN,
Bo 14 AP ERBEERB{IFAGE. PERB IR EoLE (TR
126) , E (HF % 127), £ (F®E128), P E ( F % 129),
ZERARAKE (T 130), hE (F®131), AAFEEE (F
BK132). ARV EREFRBIBELS, B MAT KR 13349
3R |

R PERBEFATRIMABTHARS S, PERSTH
HEwE BB RFHAARLSELE. GRALESRY, Buo 1424 -4
EEEW, AIBEFFARA AL PRRELE, SRR
—kEg., PERSLFTUABRIETREX ALY 1—8(FR
135—142) 48k #F: (1) £EERE, (2) AREL, (3) oF
B, (4) B ERE, (5) —RALKRKFHRE, (6) hEH
A, (7)) S RBERE, X (8) MARSE., BE, PERBELEY
BRI HERXRAREHAAENGRIGEAST. AR 144, #
BR|EFTURELIETERA I EE LY —EBARABILARYL, X
Bt TH - ARABEAERHBLES (T8 145) . eRPpEEs
FRABXARYE, Bo W LKPERBZEE/X ISR LRA—
EHRFUABRPERLE (F% 146) , BT AR LI KK L E
BHEALY, XA PRPERBEAZETIRE, HRAXRBRASOEST
(F & 147) , HAIXIARLEHR AR EL R EH AR BEHAT. &
AP ERPFAFHBARE (IR 145), Bo W ERXRPEREE
HHR 1 E0HFGHEANARAR (LX) . ELAGKTHR
B(F5%R149), B 14 65K 148, PRRB/ZREEERX D
BEFTRA-ZHERFABRPLELLE (FK 150), HRHEAHL
REBHEXZINBEEAT, A X RPERPEIAZEGEIESE, B
BMAFREGERFT (EEAHAP, “27 ), BB RERELEL
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R EHE AP EHEAT (FH147) .

THHER, K& 10 TOARE—HFAS, FRLERETAHRER
AEBETHMEAZOFEREZHEZEHE A,

RPERBEAETR 151 AFRAE I, PER/IHSE
B 8C TR EXHEL (RBF) . % 152163 5 L& #%
RO TR I135—14T XM, B TP ERB T LABAF LN H RS
% 160) , FBMAHANEETHABRRAAT (F% 161), @it
BRELHELELHANDREZA L, W, &S 10 TREKBER
ZH—BARYE, PR, KELTRG. EXAXWHI HB
¥, BREWHBELALBARNB LLE, BAFRARNGETHES
F, HFEAE - FIEGHRS.

EAEREG A —F @, pRAARABRRAR TARRY, A&
THARSBANFARARRXRMNEE ], HEAY, ¥HRME, 2
REREOETURAPERBEIGRAUAFHPERBEIRABERR
HHil. ER LR, DERARBARLAELY, PRREH/ETA
R HEHN. KAPHINAFHRAFPRERBRETFRIESEENFESN
P ERA., BATAALESE 10 K5, B A EIF 484, XL
eFx X, Edp@d—HANT, BALNOGHE. BATRAERSXK
FRXBARTHETHERAXIFIE, FHEFEEFRES 10 L&
i, EHEGHE AR RBEBAZE.

BRELLD, HRBENESZEAHFNEF RSV ZBETFRME
., BRARBEZAHNPERB I AN —ZELE, FENAAETKRL
BRAEHNES &4, PEREEITAMNEF RERFHE, ol H
BiRE (ddE L) B, AdEFFTHE, BTR#ELH AN
HEBREFHE (ENTRERARELAE /R FREETEANE
BEFYHHABRIELCERE). PRERSEABMATEEDN, PR
REFFITREBEENES. Mib, BARBELHEFEILEELE
HEBLETLEZBERBE.

LAHAETAEIVNERBREAERRAENRAORFEZHT. &AM
BHBAARBREEMESEIHACETREHREK.

B8, WONEGIELEXNOR B LAY, TRAHAT AR I LN
HegBRAZEREXAEREAGH AR BHRE B E,
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