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Introduction

When one ventures onto the exhibit-hall floor to

'kick the tires" of this year's latest and greatest ven-

tilators, on almost all of them one sees communica-

tion ports designed to allow computers in the ven-

tilator to 'talk' to external devices such as printers

and other computers. If this feature is not included

on a current model, then it usuallv is available as a
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low-cost option. The ventilator sales staff will ea-

gerly point out this "valuable" feature and will be

quick to imply that everyone needs this digital

communication poil in order to exist in the "mod-

ern computerized hospital environment." The clear

impression given is that if you buy this elegant ma-

chine, all you need to do is make a simple connec-

tion between this port and any other computer, and

ail the necessary respirator)' care data will be ef-

fectively and accurately transferred.

In reality, the current situation is more like buy-

ing a fancy new car, then finding that the radio re-

ceives only Japanese stations. If you are an elec-

tronics expert, you might be able to modify the

radio to receive your local FM stations. It might be

possible to buy a converter that fixes the problem;

or you might accept the radio the way it is and

learn Japanese. Most persons would just never use

the radio, and that is exactly what happens v\ith

most of the digital communication ports on me-

chanical ventilators today. They sit unu.sed.

The purpose of this paper is to provide a back-

ground on digital electronic communication and the

problems encountered in interfacing a computer

with a mechanical ventilator. The current state of

the art and future directions are examined. Finally,

three pivotal questions are addressed: ( 1 ) Is it es-

sential to have a disital electronic communication
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port nil a \entiiator'.' (2) What impact do electronic

data from a \entilator ha\e on patient outcome? (3)

If electronic communication is to be et'tecti\e in the

future, how should these interfaces be configured

for mechanical \entilalion?

Background

Digital communication of respiratory care in-

formation can be seen as having five hierarchical

levels (A through H). as seen in Figure 1. The low-

est level (A) is the basics of the hardware, the phys-

ical communication link. The intermediate levels

are (B) handshaking between devices. (C) data for-

mat, and (D) validation of data. .'Xt the top level of

this hierarchv is (El the issue of vshether data are

representative. Effective communication on all

these levels is essential if the system as a whole is

to be beneficial to the clinician and to the patient.

Fig. 1. The five levels of digital communication. Effective

communication must exist at all five levels If electronic

communication between the ventilator and the computer

is to be helpful to the clinician.

Level .\: Hardware for

Digital Communication

The lowest le\ el of our hierarchy is the hardu are

necessary to communicate digitally. Digital com-

munication consists of representing numerals and

letters by binary numbers. Each numeral and letter

is assigned an .X.SCil (American .Standard Code for

Intormation Interchange) code number. These .AS-

CII ciides are represented b\ binai\ numbers that

are made up of series of the numerals one i I i and

zero (0). For example, the numeral 1 (actuall> con-

sidered a character for ASCTI purposes) is assigned

an .ASCII \alue of 48. which when converted to

base 2 or a biiiar\ number is I 10000 ( 1 lOOOO = 2'
-i-

2^).

The most common digital comniunications on

mechanical ventilators conform to a standard

known as RS-2.32 (Fig. 2). The ASCII numbers are

sent as a series of either seven or eight data bits (a I

or a 0). luicli bit is ph\sicall_\ represented b_\ a \olt-

age {+?> to -(-25 V for a I. and -3 to -25 V for a Oi

that is present on the wires for a fixed time interval.

The length of the fixed lime interval for each bit is

dependetit on the baud rale (bits per sccoiuii. Many

different baud rates are used, from 100 to 19.200

bits per second. The RS-232 standard also defmes

25 conductor cable wiring connections (Table I

)

that can be used for RS-2.^0 communication. .A

common mistake is to assume that if a device is

claimed to have an RS-232 port, it will easily con-

nect u ith any other RS-232 port on a computer or

printer. The problem uitli the RS-232 standard is

that it is \er_\ flexible—to the point of being close to

being no standard at all. We like to refer to this phe-

nomenon as the RS-232 m\ th.

Baud Rate

V+

(.M)0.12(»0. 2400, 4800,

')600. 19200 b/sl

Start 10 1 1 Stop

\+ = 3 to 25 V
V- = -3 to -25 V

Number of

Data Bit.s= 7 or 8

Fig. 2. RS-232 digital communication, the most common
digital communication on mechanical ventilators. The

ASCII numbers are sent as a series of either seven or

eight data bits (a 1 or a 0). Each bit is physically repre-

sented by a voltage (-i-3 to +25 V for a 1 , and -3 to -25 V

for a 0) that is present on the wires for a fixed time inter-

val. The length of the fixed time interval for each bit is de-

pendent on the baud rate (bits per second). Many differ-

ent baud rates are used, from 100 to 19.200 bits per

second.

The following are commi>n \ariables associated

with ihc RS-232 standard: cable connector, connec-

tions (pin definitions), number of data bits, number

oi stop bits, baud rate, and parity. Paritv is a bit

used for eiTor-checkinu. It must be defined whether

14 RESPIRATORY CARE • SEPTEMBER 92 Vol 37 No 9
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Table \. RS-232 25-Pin D-Connector Pin Definitions

Pin No. Symbol Definition

Table 2. Digital Communications Port on Apple Macintosh

Computer*

1

2

3

4

5

6

7

8

9

10

11

12

13

14

15

16

17

18

19

20

21

22

23

24

25

FG

TD
RD
RTS

GTS

DSR
SO

DCD

QM
sDCD
sCTS

sTD

TC

sRD

RD
DCR
sRTS

DTR
SQ
RI

TC

Frame Ground

Transmitted Data*

Received Data*

Request To Send

Clear To Send

Data Set Ready

Signal Ground*

Data Carrier Detect

Equalizer Mode

Secondary DCD
Secondary CTS

Secondary TD
Transmitter Clock

Secondary RD
Receiver Clock

Divided Clock Rcvr

Secondary RTS

Data Temiinal Readv

Signal Quality Detect

Ring Indicator

Data Rate Selector

Ext Trans Clock

Busy

Indicates essential connections.

parity error-checking is used, and il it is used

whether it is even or odd parity.

The electrical connector varies a great deal from

device to device. The number of conductors in the

cable can vary from 2 to 23. The types of con-

nectors used include RJ-il phone jack. DIN-8

round connector. 9-pin D-connector. 15-pin D-

connector, and 25-pin D-connector. These con-

nectors may be male or female. The definitions of

the pins \ ary among manufacturers. For example,

the connections for the digital communication port

on the Apple Macintosh computer are shown in Ta-

ble 2.' Compare Table 2 to Table 1. which is the

RS-232 standard.

Even the definitions of "transmit" and "receive"

are confusing. The manufacturer of a computer may
define data going from his computer to the ven-

tilator as "transmit" and data from the ventilator as

"receive." The ventilator manufacturer, on the other

Pin Definition

Handshake Out

Handshake In

Transmit Data -

Signal Ground

Receive Data -

Transmit Data +

General Purpose Input

8 Receive Data +

*The connector is a DIN-8 microcircular connector.

hand, might define data going from the ventilator to

the computer as ""transmit." In such a situation, if

the user connects "transmit" from both devices to-

gether, there is no communication because both de-

vices are 'talking" and neither is 'listening."

The number of data bits and stop bits, the baud

rate, and parity information on a device can usually

be set by the user, and one must match all these var-

iables if communication is to occur. Some more so-

phisticated devices automatically adjust these var-

iables to adapt to the device connected to them.

Unfortunately, the tnith is that even on the simplest

level of digital communication, the hardware level,

there is often a major communication gap.

Level B: Handshaking between Devices

The second level of digital communication is

handshaking between devices. This can be viewed

as the stoplight of electronic communication. The

whole idea is to control traffic flow between the de-

vices. If data are being sent to a device more rapidly

than it can deal with them, the device needs a way

to say "STOP! Wait until I am ready!"" This is

known as handshaking.

Two different general schemes e.xist: hardware

handshaking and software handshaking. Hardware

handshaking uses physical wires between the de-

vices, such as data terininal ready (DTR). clear to

send (CTS), and request to send (RTS) to control

the tlow of inforination. The disadvantage of hard-

ware handshaking is that it requires larger con-

nectors and more conductors in the cable. It can

RESPIRATORY CARE • SEPTEMBER "92 Vol 37 No 9
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also be challenging to discover which connections

are required for each device. The most popular

technique is software handshaking, in which the

only connections between the devices are transmit,

receive, and signal ground. All the control of traffic

is accomplished by use of special ASCII codes

known as XON and XOFF, roughly equivalent to

GO and STOP, respectively.

The handshaking must match on the two de-

vices. If one device requires hardware handshaking

and the other device supplies only software hand-

shaking, there will be serious problems and un-

reliable communication. If hardware handshaking

is used, it will be challenging to discover which

connections are required for each device.

Level C: Data Format

The representation of the data is the third ie\el

of digital communication. The following is an ex-

ample of the data stream from two different me-

chanical ventilators that are set up identically.

Ventilator I: "Tidal volume = ?i5{) mL"
Ventilator 2: ••0.289"

The difference is that Ventilator 1 provides some

verbal material to identify its value, and Ventilator

2 does not. In addition. Ventilator 2 uses liters rath-

er than milliliters as the unit of measurement, and

the tidal volume has been corrected for tubing com-

pression-volume losses. Any computer interfaced

with these two devices would have to deal with

these supposedly identical data in two different

manners. In order to communicate effectively, we

must compare apples to apples and oranges to

oranges. The sequence of variables and the fonnat

of the data stream must be carefully detlned. All the

units used should be the same, and any corrections

should be consistent throughout. A frustrating fact

has been that some medical de\ice manufacturers

have altered the structure of their stream of digital

infonnation from one version of their system soft-

ware to another version. For e.vample. a Puritan-

Bennett (P-B) 7200 \enlilator that has a pressure-

control option installed will ha\e a different data

stream from a P-B 7200 that does not lia\e that op-

tion. This third level of digital communication

—

data format—does not pose a tremendous problem

if only one specific ventilator is to be interfaced

with a computer. However, if more than one t\ pe of

ventilator is used, accommodating all the different

representations of data can be overwhelming.

Level D: Data N'alidation

The fourth level of digital communication is val-

idation of the data. If the data sent from the ven-

tilator are not \ alid. then it is impossible to transfer

effective respiratory care informaticMi to the cli-

nician. Validation involves checking all the data to

make sure they are reasonable. For example, tidal

volumes of 10 niL probably are not valid and

should not be sent from the ventilator. This level of

communication is essentially missing from all me-

chanical ventilators on the market as this paper is

being written (early 1992).

A main reason that data are sent out by ven-

tilators with no attempt being made to validate

them is legal liability. Manufacturers are wonied

that if their devices make an interpretation of data,

they can be potentially liable for missing data or

bad data that in some way harm a patient. Although

this is a very real concern, sending non\alidated

data may al.so be misleading and potentially cause

harm. It seems that tradition has dictated that it is

all right to display invalid information on meters

and digital displays, and that therefore this is the

safest legal path. We will never have successful

electronic communication until we have solved this

legal issue. There is no doubt that, in the long run.

having high quality, validated data is in the pa-

tient's best interest.

Level E: Representative Data

The most important issue for medical decision

making is w helher the data are representative of the

patient's state (Fig. 3). This is the highest level of

digital communication. Only data that are truly rep-

resentative should be sent from the \entilator. Fig-

ure 4 illustrates the problem. The raw data supplied

from the \entilator at 10-second intervals have

wide variability. There is also an immense quantity

of information. For example, we obtained about

1.500.000 bytes (characters) of data from a P-B

7200 ventilator over a 24-hour period for one pa-

tient. This is equivalent to approximately one

1116 RESPIRATORY CARE • SEPTEMBER '92 Vol .^7 No 9
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fourth the length of the Bible. This vast amount of

data det"initel\ prockiees inlVirniation-oveiioad tor

the clinician at the bedside. It certainly is not rea-

sonable lo jusi dump all these data on clinicians and

expecl them [o nse the mlorination eHecli\el_v.

Representative?
Data Validity

Data Format

Handshaking

Hardware

Fig. 3. The relative impact of the five levels of digital

communication on medical decision making.

The data m Figure 4 were validated and repre-

sent actual patient events. Very few of the.se fluc-

tuations are charted at present in the manually kept

patient record. This raises questions: What is im-

portant to record? How often should data be re-

corded? What constitutes an artifact? How can you

tell what is a significant event? We presented a col-

lection of graphical raw data recordings to res-

piratory therapists, physicians, and nurses—and

asked them to identify what they felt were im-

portant events that needed lo be charted. Not sur-

prisingly, the most common answer was to chart

e\eiy 2 hours because this was the clinical jiractice.

As we probed past this automatic response, we

found that the answers varied widely. Nearly every-

one agreed that all changes in ventilator settings

should be charted. However, deciding which meas-

ured variables to record was more difficult. What

were lacking were agreed-upon definitions of ar-

tifact and significant e\ent.

In Figure 4. much of the data in the raw signal

would be considered artifactual by most clinicians.

But. again, how is artifact defined'!' One leading

dictionary lists six different meanings, including

these three: ( I ) "a handmade object, as a tool, or

the remains of one, as a shard of pottery, character-

istic of an earlier time or cultural stage, esp. such

an object found at an archaettlogieal excavation,"

(2) "a spurious observation or result arising from

preparatory or investigative procedures,"" and (3)

"any featine that is not naturally present but is a

product of an extrinsic agent, method, or the like."-

Whereas the first of these definitions is probably

the most familiar to the layperson, the second and

third definitions are nearer the sense of artifact as it

is used in describing or discussing the phenomenon

in digital communication. Still, differences exist in

1.5 T

7:00 11:00 15:00

Time (HH:MM)
19:00

Fig. 4. An example of tidal-volume

data collected from a ventilator at 10-

second intervals. The effect of fil-

tering with a LOESS filter is shown,

and only the significant events are

stored in the patient record. Raw data

are indicated by verticle dashed lines,

filtered data (LOESS filter) by heavy

black line. A = significant events: Q =

manually charted.
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use of the term. One of the issues is the perspective

of the observer. For example, an engineer de-

signing a ventilator would consider an artifact to be

anything that made the measured variable in-

accurate, whereas a clinician would also include in

his definition of artifact those values that were ac-

curately measured but did not represent the true

state of the patient.

The definition of what constitutes an artifact var-

ies widely among clinicians. When asked for a spe-

cific definition, the clinician will typically ask

about the specifics of the case and patient history.

If this is any indication, then the definition of arti-

fact must depend on the disease-patient complex

and will vary not only among individual patients

but also throughout the course of the di.sease. If this

is true, then a clear definition of artifact may be

very difficult to settle upon. Certainly, as men-

tioned above, a universally satisfactory and useful

definition of artifact is lacking, and agreement may

be as precious and difficult to find as artifacts from

ancient Egyptian tombs.

Similar problems exist with definitions of a sig-

nificant event. The problem that we encountered

with defining a significant event was the end point

chosen. If one chooses patient outcome as the end

point, then only events that affect patient outcoine

are considered significant. Obviously, patient out-

come is far too extreme an end point. There are no

data in the literature to support a definition of what

events have significant impact on patient outcome.

What it boils down to is an educated guess as to

what amount of change in a particular variable

could potentially affect the patient significantly. An
argument could be made for adjustable definitions

of significance, depending on the patient's status.

For example, the critically ill patient with the adult

respiratory distress syndrome might be exquisitely

sensitive to changes in mean airway pressure,

whereas the average postsurgical patient does well

no matter what the mean airway pressure is.

A different perspective on this issue is the legal

one. We have sought our lawyers" opinions on how

often we need to collect data to have a good legal

record. The answer was circuitous, at best. They

implied that we should collect data at the interval

proven to be adequate. Inasmuch as an adequate in-

terval has never been specified or proven, the next

best thine would be to collect data at the same rate

that everyone else does. The lawyers added the ca-

veat that respiratory care practitioners should col-

lect only data that they are prepared to act upon.

Fetal monitoring is a good example of a situation in

which it has been easy to collect large amounts of

data, but if the obstetrician has not acted upon the

data, he has been found to be liable. In some ways,

from a legal perspective, if we are not prepared to

act upon data more frequently than every 2 hours, it

may be better to "stick our heads in the sand" and

pretend that nothing happens between those 2-hour

ventilator checks.

One way to deal with definitions of artifact and

significant event is to force the clinician at the bed-

side to make the decision. This is what is currently

being done in many ICUs that have computer sys-

tems interfaced with ventilators. All data from the

ventilators are collected at fixed intervals and dis-

played, either in graphs or in tabular form. The cli-

nician is asked to retrospectively pick the valid, ar-

tifact-free, significant events for charting. We
duplicated this procedure in our study by asking the

clinicians to circle the points in the raw data that

they felt should be charted. There was good agree-

ment in the points chosen for ventilator settings;

however, the measured datapoints chosen by each

individual varied widely. It is understandable from

a legal perspecti\e that manufacturers do not want

to be involved in making the decision as to what is

artifact; however, it is unrealistic to expect a person

at the bedside, who was not in the room when the

data were generated, to retrospectively pick out the

good" data from amongst all the noise. A slightly

different version of this technique is to store auto-

matically acquired data when someone in the room

signals, by pressing a key, that the patient is in a

representative state. This works well for the periods

when someone is at the bedside: however, what

should be done with all the data from times when

no one is in the room? Should they just be ignored?

Much of the research needed to answer these dif-

ficult questions remains to be done. No ventilators

currently make any attempt to send only "repre-

sentative"" data.

Current Status

Digital communication in most modern ICU

ventilators is provided at Level A (hardware) and

118 RESPIRATORY CARE • SEPTEMBER "92 Vol .^7 No 9
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Level B (handshaking between devices). However,

it is not often easy to accomplish even these levels.

No standard exists tor representation of data (Level

C ), and no ventilator vendors currently provide any

support for data validation and checking repre-

sentativeness, the two highest levels of digital com-

munication.

Several systems are commercially available to

interface with selected ventilators. Puritan-Ben-

nett's Clini vision product interfaces directly with

their 7200 ventilator. Various ICU computer sys-

tems have developed interfaces for the Puritan-

Bennett 7200, the Siemens 900C and 990 Servo

computer module, the Hamilton Amadeus and Ve-

olar, the Bear 5. and other ventilators that provide

digital communication ports. These are typically

custom interfaces that are matched to specific ven-

tilators. These custom interfaces can be expensive

and difficult to maintain. This means that if you

happen to have a computer system in your hospital

and want to connect your ventilators to it. most

likely you will have to spend a great deal of time

and money to do so. With only about 20 new in-

stallations of ICU computer systems in 1991 in the

more than 5,000 ICUs in the United States,'' a lot of

ICUs that use modem ventilators do not have com-

puter systems. Many ventilators, therefore, have

idle digital communication ports.

In some research systems, ventilators have been

successfully interfaced with computers. Shabot et

al at Cedars-Sinai in Los Angeles have interfaced

their Hewlett-Packard ICU computer with the P-B

7200 ventilator.''-'' In that system, data are sent from

the ventilator only when the clinician at the bedside

pushes a button or when a ventilator setting has

been changed. Our group has set up research sys-

tems at LDS Hospital in Salt Lake City that inter-

face computers with the Siemens 900C and 900i

ventilators,'''' as well as with the Hamilton Ama-

deus and Puritan-Bennett 7200 ventilators.

To facilitate data acquisition from a wide variety

of medical devices, a standardized medical in-

formation bus (MIB) has been proposed.'' The MIB
provides a local area network (LAN) around the pa-

tient that can be interfaced with all bedside devices

and that allows data from each device to be stored

in a central database in a standard format.'""''^ The

MIB is being standardized by the Institute of Elec-

trical and Electronic Engineers (IEEE, New York

City NY) so that all hospitals and vendors can have

a common data format and so that their computers

can easily communicate with many bedside de-

vices.'' The MIB handles issues unique to medical

data communications, such as automatic recogni-

tion of new devices placed at the bedside, auto-

matic reconfiguration of the network, and associa-

tion of a device with a particular patient's bedside."*

Unfortunately, the currently proposed MIB stan-

dard does not include standards for digital com-

munication at Levels D and E (artifact rejection

and significant-event identification).'''''' Com-
paring Figures 1 and 3, it is ironic that the largest

amount of effort has been spent on standardizing

digital communication at Levels A and B (hard-

ware and handshaking), which are the least im-

portant to medical decision making.

A preliminary version of the MIB was installed

at the 520-bed LDS Hospital in 1986 and was con-

nected to the HELP system.''"^ The HELP (Health

Evaluation through Logical Processing) hospital in-

formation system,"*'-- which has been developed

over a 30-year period, runs on a system of 1 2 com-

puter fault-tolerant processors in tandem, using the

Guardian Operating System. The system is fault-

tolerant in that no one system problem is sufficient

to halt system operation. This feature provides the

system with excellent availability (it is up 99.75%

of the time). Program files and patient data are

stored on 14 disk drives. The 8 drives currently

used for clinical purposes store 2.4 gigabytes of

data, while the 6 drives used for research hold 8.8

gigabytes.

The clinical drives are mirrored (ie, two drives

hold the same data), virtually eliminating the pos-

sibility of data loss by hardware failure. When ac-

cessing data from one of the mirrored drives, the

system retrieves the data from the drive that has its

'read head' closest to the data, which minimizes

data-retrieval time. Eighteen Charles River Data

Systems (CRDS), UNIX-based minicomputers are

interfaced with the HELP system. The CRDS ma-

chines serve as multiplexes and preprocessors for

terminals on the nursing divisions, in Surgery, in

the Pulmonary Division, and in the Medical In-

formatics Department. A total of 1,100 terminals

and 200 laser printers are currently active through-

out the hospital. About half of these are connected

directly to the tandem computer; the other half are

RESPIRATORY CARE • SEPTEMBER '92 Vol 37 No 9 1119
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connected via CRDS machines. All beds are fully

computerized and have terminals at each bedside as

well as at the nursing station. A version of the MIB
links many of the medical devices in ihe ICL's di-

recth to the HELP s\stcm (Fia. 5).

Table 3. Definitions of Significant Events

ICl' Most

Computer
MCC-

RS-2.12 tMm B

k

HELP
Computer

LDS
Hospital

MIB
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Tcni = I mill, and 3 minutes for T,ni = 3 min). RCPs

tended to enter data and to stamp the time at w liich

they thought the events occurred. Occasionally this

time-stamp was in error. The error rate for manual

charting of ventilator settings was reduced to \'7c if

ail errors caused by back-chailing were neglected.

Figure 4 shows an example of the tidal-volume

data collected during this study. The raw data con-

tained a lot of 'noise' and artifact. In general, all

the filtering algorithms helped to reduce artifact,

with the LOESS filter performing best, although it

has the disadvantage that it requires much more

computer time than a simple moving-median filter.

The moving-median filter seemed to be the best

choice because it did not follow transient events

and was relatively simple to implement. There

were large differences between numbers of events

deemed "significant" by the algorithm and those

charted manually. Two main differences were ob-

served: ( 1 ) the RCPs did not chart what occurred

when they were out of the room, and (2) when they

did chart, they typically just 'took a snapshot" for a

few seconds as they were working on the ven-

tilator, which may not have been representative of

the patient in the larger context.

Patient Outcome

justify them is by a reduced requirement for em-

ployees. 11 these systems do save the clinician time

but there now are fewer clinicians, then the net

time spent with the patient may be the same or less,

in general, it is assumed by most that higher qual-

ity, more timely charting of respiratory care data

would improve the quality of care; however, this

remains to be proven.

The Future

If digital electronic communication with me-

chanical ventilators is to become a routine part of

clinical care, we must standardize all five levels of

digital communication with these devices. A stan-

dard, such as the MIB. must be adopted to make it

easy to physically connect the devices. In addition,

we need more research into the elusive definitions

of artifact and significant events. In the next 10

years, the respiratory care community must take an

active part in this process of standardization. With-

out clinical input, the standardization process is

doomed to failure from the beginning. Our vision is

that one day, connecting your ventilator to your

computer will be as simple as plugging in a tele-

phone, and that the data will be \alid and repre-

sentative of the patient's true condition.

There are few data on the impact of an auto-

mated respiratory care data-acquisition system on

patient outcome. In our recent study (unpublished),

we found that we could reduce ventilator-setting

charting errors from about 37c to nearly zero. For

measured variables, the automated charting found

significant events that had previously been un-

detected. However, there are no data about what

impact these results might have on patient care.

Automation of other areas of the patient record has

been shown to improve the quality of the data and

to reduce the amount of time spent on charting;-''

Andrews et al reported an 18% increase in res-

piratory care department productivity with use of a

computerized charting system.-^ However, Brad-

shaw et al showed that nurses' time in direct pa-

tient contact had decreased with use of computer-

based data entry in the ICU.'^* Perhaps part of the

problem is that computerized systems to chart res-

piratory care data are expensive, and one way to

Summary and Recommendations

Although many modem ICU ventilators offer

the option of electronic communication, most of

these systems are not used because there is a huge

communication gap between the ventilator and the

computer it might be connected to. When such sys-

tems are now used, a large part of what is com-

municated is artifactual and misleading. We need

to overcome both legal and knowledge barriers in

the effort to provide seamless communication be-

tween ventilators and computers. With regard to

the specific issues raised in this paper, here are our

answers.

Issue #1: Is it essential to ha\e a digital electronic

communication port on an ICU ventilator?

Answer: No. it is not essential. The purpose of the

mechanical ventilator is to support pulmonary ven-
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tilation by supplying gas and pressure. There is no

vital role tor digital communication in the gas-

delivery function of the ventilator; however, in the

future it will be essential to have effective elec-

tronic communication in order to guarantee ac-

curate and timely charting.

Issue #2: What impact does electronic communica-

tion between a ventilator and a computer have on

patient outcome?

Answer: Our preliminary data show that electronic

communication can reduce the number of charting

errors and can improve the timeliness of data entry.

However, there is little evidence, other than anec-

dotal, that this has any impact on patient outcome.

Automated charting has been shown to reduce the

time spent on charting.-^ This time-savings could

be used to increase time spent in direct patient care,

but there is no conclusive evidence that this occurs.

In fact, one report on computerized charting sys-

tems indicates that the result is less time spent in

direct patient care."*

Issue #3: If electronic communication is to be ef-

fective in the future, how should these interfaces be

configured for mechanical ventilation?

Answer: We recommend an optimal algorithm for

automated respiratory care charting that has been

suggested.'''

• Sampling frequency: Sample data from the

ventilator every 10 seconds.

• Ventilator-setting changes: Report every

new setting if change lasts more than 3 min-

utes.

• Measured respiratory care data:

• Filter raw MlB-collected data with a 3-

minute inoving-median fdter.

• Report one filtered value e\ery hour for

each variable.

• In addition, use a threshold table (Table

3) to define significant events.

• Report changes that remain above thresh-

old more than 3 minutes.

• Report all measured respiratory-care data

I mmutc

changes.

following anv ventilator-mode

REFERENCES

1. Macintosh Ilfx special options and technical in-

formation. Cupenino CA: .Apple Computer Inc. 1990.

2. Artifact. Random House dictionai^' of the English lang-

uage, 2nd ed. unabridged. New York: Random House.

1987:119.

3. East TD. Computers in the ICU: panacea or plague?

RespirCare 1992:37:170-180.

4. Shabot MM. Standardized acquisition of bedside data:

The IEEE PI 073 medical information bus. Int J Clin

MonitComput 1989:6:197-204.

5. Gardner R.M. Shabot MM. Computerized ICU man-

agement: pitfalls and promises. Int J Clin Monit Comput
1990:7:99-105.

6. East TD. Andriano KP. Pace NL. Automated measure-

ment of functional residual capacity by sulfur he.xa-

fluoride washout. J Clin Monit 1987:3:14-21.

7. East TD, In't Veen JCCM. Jonker TA, Pace NL,

McJames S. Computer controlled positive end-expira-

tory pressure (PEEP) titration for effective oxygenation

without frequent blood gases. Crit Care Med 1988:16:

252-257.

8. East TD, Wortelboer PJM, van Ark E. Bloem FH. Peng

L, Pace NL, et al. Automated sulfur hexafluoride wash-

out functional residual capacity measurement s\ stem for

any mode of mechanical ventilation as well as spontane-

ous respiration. Crit Care Med 1990;I8(Suppl):84-9l.

9. East TD, Yang W. Tariq H, Gardner RM. The IEEE

medical information bus for respiratory care (abstract).

Crit Care Med 1989:17:S80.

10. Furst E. Cardiova.scular technology. J Cardiovasc Nurs

1989:4(l):68-78.

11. Gardner RM. Tariq H. Hauley WL. East TD. Medical

information bus: the key to future integrated monitoring

(editorial). Int J Clin Monit Comput 1989;6:205-209.

12. Shabot MM, LoBue M. Leyerle B. An automatic PDMS
interface for the Urotrack Plus 220 urimeter. Int J Clin

Monit Comput 1 988:5: 1 25- 131.

13. McDonald CJ, Hammond WF. Standard formats for

electronic transfer of clinical data (editorial). Ann Intern

Med 1989:110:333-335.

14. Gardner RM. Hawley W, East TD. Oniki TA. Young

HW. Real time data acquisition: recommendations for

the medical information bus (MIB). Int J Clin Monit

Comput 1992;8:251-258.

15. Gardner RM. Hawley WL. East TD. Oniki TA, Young

HW. Real time data acquisition: experience with the

medical information bus (MIB). Proceedings of the 15th

Annual Symposium on Computer .Applications in Med-

ical Care. Washington DC: IEEE Computer Society

Press. 1991:813-817.

16. Hawley WL, Tariq H. Gardner RNL Clinical imple-

mentation of an automated medical information bus in

an intensive care unit. Proceedings of the 12th Annual

Symposium on Computer .Applications in Medical Care.

Washington DC: IEEE Computer Society Press,

1988:621-624.

122 RESPIRATORY CARE • SEPTEMBER 92 Vol 37 No 9



DIGITAL ELECTRONIC COMMUNICATION & VENTILATORS

17. Gardner RM, H;iwley WL. Standardi/ing communica-

tions and networks in the ICU. Proceedings ol Patient

Monitoring and Data Management Conference (TAR

No. 11-85). AAMl Technology Analysis and Review.

1985:59-63.

18. Gardner RM. Computerized management of intensive

care patients. MD Compiil 1986;.^( 1):.36-5I.

19. Pryor TA. Gardner RM, Clayton PD. Warner HR. The

HELP system. J Med Syst 1983;7:87-1()2.

20. Pryor TA. The HELP medical record system. MD Com-

put 1 988:5(5 ):22-23.

21. Pryor TA, Warner HR. Gardner RM. Clayton PD. Haug

PJ. The HELP system development tools. In: Blum H,

ed. Implementing health care information systems. New

York: Springer- Verlag, 1989:365-383.

22. Kuperman GJ, Gardner RM. Pryor T.\. HELP: a dy-

namic hospital information system. New Vork: Spring-

er-Verlag. 1991.

23. Cleveland WS. Devlin SJ. Locally weighted regression:

an approach to regression analysis by local fitting. J Am
Statistical Assoc 1988:9:596-609.

24. Hammond J, Johnson HM, Varas R. Ward CG. A qual-

itative comparison of paper flowsheets vs a computer

based clinical information system. Chest 1991:99:155-

157.

25. Andrews RD. Gardner RM. Metcalf SM, Siminons D.

Computer charting: an evaluation of a respiratory care

computer system. RespirCare 1985;30:695-707.

26. Bradshaw KE. Sittig DF, Gardner RM. Pryor TA. Budd

M. Computer-based data entry for nurses in the ICU.

MDComput 1989:6:274-280.

RESPIRATORY CARE • SEPTEMBER "92 Vol .37 No 9 123


	Respiratory Care 1992

