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Summary

Hospital-wide computerized information systems evolved from the need to capture patient infor-
mation and perform billing and other financial functions. These systems, however, have fallen short
of meeting the needs of respiratory care departments regarding work load assessment, productivity
management, and the level of outcome reporting required to support programs such as patient-
driven protocols. The respiratory care management information systems (RCMIS) of today offer
many advantages over paper-based systems and hospital-wide computer systems. RCMIS are de-
signed to facilitate functions specific to respiratory care, including assessing work demand, assign-
ing and tracking resources, charting, billing, and reporting results. RCMIS incorporate mobile,
point-of-care charting and are highly configurable to meet the specific needs of individual respi-
ratory care departments. Important and substantial benefits can be realized with an RCMIS and
mobile, wireless charting devices. The initial and ongoing costs of an RCMIS are justified by
increased charge capture and reduced costs, by way of improved productivity and efficiency. It is
not unusual to recover the total cost of an RCMIS within the first year of its operation. In addition,
such systems can facilitate and monitor patient-care protocols and help to efficiently manage the
vast amounts of information encountered during the practitioner’s workday. Respiratory care
departments that invest in RCMIS have an advantage in the provision of quality care and in
reducing expenses. A centralized respiratory therapy department with an RCMIS is the most
efficient and cost-effective way to monitor work demand and manage the hospital-wide allocation
of respiratory care services. Key words: computers, respiratory care, information management, medical
records, patient records, data collection. [Respir Care 2004;49(4):367–375. © 2004 Daedalus Enterprises]

Introduction: The Evolution of Information Systems

In today’s medical centers, “IT” no longer refers to
“inhalation therapy,” but to “information technology.” The

introduction of the microcomputer in the 1970s and the
proliferation of personal computers in the early 1980s
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greatly expanded use of computers in medicine.1 Several
different types of hospital information system were intro-
duced to support the functions of admission, discharge,
transfer, billing, budgeting, and financial management.
Hospitals throughout the country have since expanded their
hospital information systems to include the capture of clin-
ical information through online patient charting and inter-
faces with other medical systems. Given the potential ad-
vantage for both patients and payers, national experts in
health quality and patient safety advised that computerized
physician-order-entry be adopted as a national safety stan-
dard.2–4 Hospital information system manufacturers re-
sponded by developing both the electronic medical record
and computerized physician-order-entry as features in new
generations of software.

By 1980 it was recognized that by using a computer one
respiratory therapist (RT) could do more work than several
people doing calculations by hand.5 At that time only a
handful of respiratory care departments were substantially
computerized. Pullen5 reported computers being used as
tools for managing vast amounts of clinical data from
patients with respiratory illnesses. Information systems as-
sist in the flow of care by making available key patient
information such as laboratory values and outcomes of
therapy and by performing calculations.4 Early examples
include Loma Linda University in Loma Linda, California,
which used computers to automate the transfer of blood
gas analyses from the laboratory into the medical record.5

LDS Hospital in Salt Lake City, Utah, developed their
own system, with the concept of “chart accurately and let
the computer do the rest of the paperwork.”6 The Univer-
sity Hospital Health Science Center of the State University
of New York at Stony Brook, Long Island, New York, was
among the first hospitals in the country to interface their
respiratory therapy with their hospital information system,
including physician-order-entry and automated generation
of orders for respiratory staff.5 A handful of respiratory
care departments began developing their own information
systems and then manufacturers of respiratory care man-
agement information systems (RCMIS) emerged. The pri-
mary functions of those early commercially available
RCMIS were charting and billing. RCMIS manufacturers
also introduced bedside charting capability, using portable
hand-held computers.

The advantages of hand-held computers used at the point
of care in pulmonary medicine were reported as early as
1985, by Andrews et al6 and Hess et al.7 Their usefulness
was demonstrated in the clinical setting, to capture bedside
data and perform calculations so that immediate and timely
information was available to caregivers. Hand-held com-
puters have evolved and now range from highly portable
miniature devices, such as the Palm hand-held, to more
powerful but still small computers that run the Windows

operating system (Fig. 1). RCMIS manufacturers have taken
advantage of that new mobile technology.

RCMIS transmit data between the server and the hand-
held device via radio-frequency (wireless) technology.
Stoller et al8 demonstrated that mobile workstations net-
worked through a radio-frequency communication system
have several advantages over non-radio-frequency devices,
including faster fulfillment of respiratory therapy consult
orders (7.8 vs 2.8 h) and less time spent organizing and
assigning respiratory care work (81.6 vs 43.6 min).8

Entering patient data into a hand-held device during the
patient-care visit improves medical documentation. Rather
than entering data after the visit, based on memory or
notes on paper, which may be incomplete, inaccurate, or
misinterpreted, with a hand-held device the practitioner
can perform data entry at the bedside and in conjunction
with treatment. Not only is information captured more
immediately, the hand-held device makes immediately
available important information related to patient assess-
ment, and information entered by the clinician can be trans-
mitted to other devices and systems.9 Portable charting
devices are evolving to serve as “personal digital assis-
tant,” pager, cellular telephone, and e-mail and Internet
access device, and range from the size of a cellular tele-
phone to devices about the size of a standard sheet of
paper. This technology brings the opportunity for improved
communication and access to information for the bedside
caregiver.

Although the development of respiratory care over the
past 35 years paralleled the revolution in information tech-
nology, few manufacturers responded to the unique needs
of respiratory care departments. Manufacturers of RCMIS
remain limited (Table 1). Many manufacturers of hospital
information systems now incorporate charting and billing
for respiratory care; however, they typically do not facil-
itate work load assessment, productivity management, or

Fig. 1. Notebook computer (P-1120, Fujitsu, Santa Clara, Califor-
nia) with touch-screen and integrated wireless local-area-network
capability. This is one of several options for mobile charting de-
vices.
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the level of outcome reporting required to support pro-
grams such as patient-driven protocols. RCMIS offer many
advantages over paper-based systems and hospital-wide
information systems. RCMIS are designed to facilitate es-
sential functions in respiratory care services, including as-
sessment of work demand, the ability to assign and track
resources, charting, billing, and reporting of results. They
incorporate the ability to perform point-of-care mobile
charting and are highly configurable to meet the specific
needs of individual respiratory care departments.

The Need for Automation

The clinical environment is very data-intensive. East
identified 236 categories of data that are reviewed at the
bedside for clinical decision-making.1 Eddy stated, “it is
simply unrealistic to think that individuals can synthesize
in their head scores of evidence, accurately estimate the out-
comes of different options, and accurately judge the de-
sirability of those outcomes.” He concluded that the com-
plexity of medicine exceeds the inherent limitations of the
unaided human mind.10 Though East and Eddy describe
the challenges to the human mind in processing the vast
amounts of clinical information, many department direc-
tors identify similar challenges in managing respiratory
services. Managed care, re-engineering, changes in reim-
bursement, and national health care reform are issues that
have shifted the manager’s focus to cost containment and
the evaluation of programs such as patient-driven proto-
cols, flexible staffing/budgeting, and reductions in fixed
support staff. These challenges drive the need to capture,
organize, and analyze data. A detailed, “real-time” knowl-
edge of and ability to access patient outcomes and depart-
ment performance is essential. An RCMIS allows the re-
spiratory care team to do more with less, to better manage
resources, to easily report clinical and financial outcomes,
and to conveniently capture information that supports on-
going performance improvement.11,12

RCMIS Evaluation and Planning

Planning for an RCMIS can take several months, con-
sidering the complexity and the need to integrate it with

other technology and systems within a medical center. The
process should start with the formation of an RCMIS ad-
visory team who can provide expert advice during system
selection and support during system installation. The team
should include respiratory care department leadership and
staff as well as representatives from the departments of
information services, telecommunications, finance, patient
accounting, administration, medical records, nursing, and
medical staff. If the system has the capability or potential
to be utilized in other departments within the medical cen-
ter, representatives from those departments should also be
part of the team. Though not all members may be required
to attend every meeting, they should remain engaged and
informed and be available to discuss issues related to their
subjects of responsibility or expertise.

The proposal should include a description of why the
system is needed, the desirable system characteristics, costs,
resources required, fiscal and clinical benefits, and train-
ing and implementation timelines. The desirable charac-
teristics of an RCMIS differ among departments and de-
pend on the scope of service, structure, and functions.
When considering RCMIS acquisition, planners need to
determine which characteristics (Table 2) are essential and
which are desirable but not essential. Identifying those
characteristics is important to define system requirements
in the evaluation process and to determine cost.

Discussions with an RCMIS manufacturer’s sales spe-
cialist can lead to the assumption that the system can do
everything you need it to do, and more. However, though
nearly anything may be possible when it comes to com-
puters and software, it is important to develop a clear and
unquestionable understanding of what the system can ac-
tually do. Is the system specifically designed to provide
you with the desired feature, or is it something the man-
ufacturer thinks can be done or is working on? Some fea-
tures, such as hospital-information-system interfaces, con-
nectivity with other systems and equipment, and speed and
performance in the hospital network, are nearly impossible
to demonstrate until all the hardware components are in
place and you start using the system. A sizable investment
of time and money would be required to test and validate
RCMIS performance and functionality in your setting prior
to a purchase commitment. Functionality can best be as-

Table 1. Names and Manufacturers of Respiratory Care Management Information Systems

Product Name Manufacturer Location RC Sites (No.) Web Site

CliniVision MPC Nellcor Puritan Bennett Kanata, Ontario, Canada 106 Clinivision.com
MediLinks MediServe Information Systems Tempe, Arizona �100 Mediserve.com
OPUS Theronyx Thousand Oaks, California 7 Theronyx.com

RC � respiratory care
MPC � mobile patient charting
OPUS � outcomes and performance utilization system
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sessed through ongoing demonstrations of the product,
discussions and site visits with others who have utilized
the product, and, if possible, a trial-run in a test setting.
Talking with other system users who have an environment
similar to your own is highly recommended. The advisory
team can identify RCMIS users through manager networks
and user groups, searching the literature for user publica-
tions, or directly through the manufacturer. Discussions
with other users will assist in the evaluation of the sys-
tem’s ability to perform specific functions and allow you

to assess the ease of implementation, required training, the
need for a department-based information specialist, system
reliability, and—most importantly—the level of manufac-
turer support. Table 3 lists issues related to RCMIS man-
ufacturer performance.

All products, services, and support should be specified
in the purchase contract. It is also possible for the contract
to include the details of the payment schedule, based on
the manufacturer’s ability to phase in the desired options.
In some cases manufacturers will be open to creative pro-
grams that share or minimize the institution’s financial
risk. Information system contracts can be complex and
specify a variety of terms and conditions related to the
licensing of the software, coverage of expenses related to
user group meetings, liability and indemnity related to
software use, hardware specifications to support software,
ongoing levels of technical support and the associated an-
nual costs, and the degree of current and future compliance
with the Health Insurance Portability and Accountability
Act (HIPAA).

Justifying an RCMIS

The acquisition and operation costs of an RCMIS are
substantial barriers for medical centers. Despite the many
benefits, the number of RCMIS installations in medical
centers in the United States amounts to less than 250 (un-
published data from my 2003 survey of manufacturers).
There are also a handful of centers that have developed
their own systems, using the talents of personnel within
the department or hospital. Internally designed systems
can meet needs specific to the institution; however, devel-
oping an RCMIS can require several hundreds of hours of
programmer time. In situations where acquisition of a com-
mercially available system is not possible, in-house
RCMIS development is an option to consider.13 In a period
when hospitals are experiencing substantial decline in the
funding available for capital expenditures, the cost of an
RCMIS creates many challenges. Systems such as
MediLinks (MediServe, Tempe, Arizona) or Mobile Pa-
tient Charting-MPC (CliniVision, Kanata, Ontario, Can-
ada) can be $150,000–$250,000 for a 400-bed institution.13

Table 3. Issues Related to Clinical Information System
Manufacturer Support and Performance

Provision of off-site and on-site training
Implementation time lines and on-site support during implementation
Support during system configuration and development of user-defined

reports
Frequency of updates and upgrades
Cost of updates and upgrades
Service and resources available at all times
Ongoing commitment to users through forums and user groups

Table 2. Characteristics and Options of Respiratory Care
Management Information Systems

Interfaces
Admission, discharge, and transfer
Orders (inbound and outbound)
Results (inbound and outbound)
Billing
Equipment (ventilator and monitor output capture)
Other departments’ information systems

Charting
Flow sheet or free text entry
Support for both keyboard and pen entry
Automatic fill-in of designated fields from connectivity with other

systems and devices
User-configurable templates for patient, order, and activity
Drop-down selection lists
Field limits and warnings
Ability to designate required fields
Ability to add, edit, and annotate comments
Audit trails for all entries and changes
Option to carry forward field values from orders and prior activities
Automatically calculated or default field values
Decision-support branching-logic capabilities

Workflow
List orders due and order detail for practitioners
Determine work demand prior to and during shift
Configure (manual or automatic) work assignments
Indicate work that has been done and work that is past due
Route new patients and new orders to practitioners
Calculate productivity of department, shift, or practitioner

Reports
Workload assessment, identifying all orders due
Practitioner workday, work-list specific to the area being assigned
Charting of all activities performed
Billing per patient, area, procedure, for any specified period
Tools to extract any desired data for export or external report

writers
Inventory control and equipment management
Procedure micro-costing

Other Features
Support point-of-care and wireless communications
Compliance with Health Insurance Portability and Accountability Act
Features that enable use beyond respiratory care
Support outcome reporting and quality improvement
Updates and upgrades to software and hardware
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To secure approval for an RCMIS requires convincing
decision-makers that the system will afford substantial sav-
ings.11 The economic justification of an expenditure of this
magnitude will require a cost/benefit analysis and should
include a return-on-investment analysis.

The first step in the justification process is to determine
the projected savings and revenue to be generated as a
result of the investment. In justifying a traditional hospital
information system, the chief information system officer
will calculate (1) reductions in labor costs (from obviating
manual tasks and improving clinician productivity), (2)
reductions in supplies and equipment (from standardiza-
tion and better inventory management), and (3) revenue
enhancement (from, for example, fewer outstanding days
of receivables and fewer losses and disallowed charges).14

In preparing a return-on-investment analysis for an
RCMIS, similar cost savings and revenue enhancements
should be included. Use of RCMIS over the past 10 years,
however, has demonstrated a unique advantage for respi-
ratory care departments. The cost savings and revenue
enhancement will differ among departments and depend
on the analysis of the factors listed in Table 4.

Though difficult to quantify and not usually part of the
return-on-investment analysis, side benefits of a hospital
information system include a demonstrable improvement
of the quality of patient care and improved employee sat-
isfaction, which positively impact recruitment and em-
ployee retention.15–17 The system’s time savings for staff
means that health care providers have more time at the
bedside for patient care. The elimination of many manual
steps reduces the potential for error, and the legibility of
the chart documents produced by an RCMIS is far superior
to manually-created documents. The work environment is
improved through improved communication and informa-
tion access.14 Such benefits may be difficult to quantify
but can be incorporated in the RCMIS proposal.

The Cost of an RCMIS

The cost of an RCMIS depends on the desired system
characteristics you define and on the pre-existing struc-
tures and systems in place at your institution. The key part
of the analysis is to ensure that all elements of cost are
identified and accurately estimated, including all hardware,
software, staff, and facility preparation costs.

Hardware costs may include a server computer, desktop
workstation computers, mobile workstations, antennas and
related equipment for wireless networking, emergency
power availability, uninterruptible power supplies, carts,
stands, mobile batteries, data storage/backup devices, and
the cost of future upgrades and maintenance. Most systems
currently available are hardware-independent, so the
RCMIS advisory team can select from among several types
and sources of hardware.

Software costs include licensing and maintenance/up-
grade expenses. This includes not only the cost of the
RCMIS application but also the costs of the operating
systems, computer-virus protection, remote access, report-
writing software, and other applications required to sup-
port the RCMIS application. In addition to the initial ac-
quisition cost for software, the ongoing monthly/annual
support fees must be included. Annual support fees for
systems are typically 10–25% of the purchase price of the
software.

Staffing costs include the additional personnel required
for configuring the system, attending off-site training pro-
vided by the manufacturer, on-site training, time spent
developing user-defined reports, and the ongoing cost of
personnel assigned to manage the RCMIS.

Implementation

The successful implementation of an information sys-
tem in a hospital setting requires attention to user readi-
ness. The amount of training and support required will
partly depend on your staff’s computer “self-efficacy”—
their competency and comfort in using computers. Greater
computer self-efficacy is associated with experience with
a home personal computer, ability to use word processing,
ability to use the Internet and e-mail, and with demograph-
ics such as age and level of education. There are tools to
assess self-efficacy and they can be useful in preparing
group and individual training, and for determining the need
for practice technology, peer mentors, and other resources
during implementation.18,19 A successful transition from a
paper-based system to an RCMIS largely depends on keep-
ing staff involved in the evaluation process, engaging them
in configuration decisions, providing training, and facili-
tating the time needed to learn and adapt to the new tech-
nology.

Table 4. Respiratory Care Management Information Systems Offer
Cost-Savings and Revenue Enhancements

Lost-charge capture yields net gain
Labor savings from point-of-care charting
Labor savings from better tools to manage productivity
Labor savings from reductions in fixed resources
Reductions in department and hospital cost and full-time employees,

secondary to facilitation of protocols
Cost avoidance linked to: compliance with the Health Insurance

Portability and Accountability Act; quality improvement;
benchmarking; computerized physician-order-entry; and electronic
medical records (paper-based systems are more expensive and/or
time/labor intensive)
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Implementation of an RCMIS actually starts weeks be-
fore the system arrives. Despite all the technical consid-
erations, the most important aspect of implementing an
RCMIS is getting staff involved in the planning and con-
figuration of the system. What procedures need to be in-
cluded? What data need to be charted? What fields should
be table-driven entries? How often should data be trans-
mitted? What reports would be helpful? These are just a
few of the many questions that the RCMIS team will face
during planning and implementation.

The institution’s information systems department will
also need to be involved to support network communica-
tions and system interfaces. Typically, the manufacturer
will work with the information systems department and
pre-test interfaces 2–3 weeks prior to the RCMIS “go live”
date. Interface and network performance should be vali-
dated in a test environment before going live. The infor-
mation systems department should also assist in issues
related to network security and virus protection of desktop
and mobile devices. Though interfaced systems may re-
quire substantial support from information systems staff
for 30 days prior to implementation, the information sys-
tems support required substantially decreases after config-
uration and implementation.

Once the RCMIS software and interfaces are fully in-
stalled, a 24–48-hour period of both paper and electronic
charting should be considered. Clinical charting and bill-
ing records must be compared and validated for accuracy.
Once data integrity and accuracy is validated, staff can put
away their patient cards, charting forms, and billing slips,
and trade them in for hand-held computers. The change
may not initially be welcomed by all staff, as some will
prefer the paper system they worked with for years. In
time, however, staff become more familiar with and ac-
cepting of computerized charting and the RCMIS. Early
gains such as having more time at the bedside, fast access
to information, improved workflow, and new tools to sup-
port clinical care will help convince practitioners of the
value of the new system.

The RCMIS Experience at
the University of California, San Diego

The RCMIS justification and implementation experi-
ence at the University of California, San Diego (UCSD),
provides some insight for those considering an RCMIS.
The UCSD medical center is a 420-bed academic medical
center with a respiratory care department of 55 full-time
employees (FTEs). A CliniVision system was installed in
June of 1993. It was a major challenge to acquire this
$180,000 RCMIS during the same period that consultants
arrived and targeted the respiratory care department for a
substantial reduction in operating expenses. The RCMIS
was not justified on the basis of reducing lost charges, nor

enhancing revenue capture, nor even improving produc-
tivity. Although those factors enhanced the “bottom line,”
the cost savings potential deemed most important was the
system’s utility in facilitating patient-driven protocols. Just
6 months prior to acquiring the RCMIS the department
had implemented (on a single medical floor) a patient-
driven protocol program for chest physiotherapy and small-
volume nebulizers. The cost saving achieved by that trial
program was estimated to exceed $150,000 annually, as
routine treatments decreased from 7,000 per month to less
than 4,000. The use of paper documentation to assign pro-
tocol activities to RTs, to monitor care plans, and to assess
outcomes was difficult and time-consuming. It was real-
ized that further cost reductions could be achieved by ex-
panding the program to the other medical floors and phas-
ing in additional protocols. The protocol program’s
surveillance objectives could be accomplished either by
hiring additional staff or acquiring an RCMIS. The annual
saving from the patient-driven protocol program was pre-
dicted to exceed $300,000, so the RCMIS was approved
and acquired.

Integration of Protocols

A patient-driven protocol is a set of medical-staff-ap-
proved care plans that are driven by the patient’s condition
and response to therapy and that allow the RT to initiate,
change, discontinue, or restart treatments and services. Pa-
tient-driven protocols are driven by patient-specific infor-
mation and observations that require we collect, store, pro-
cess, and retrieve large amounts of patient data. To provide
protocol-driven care for the 100–150 patients that UCSD
respiratory care has on service each day, the RCMIS was
specifically configured to identify evaluations and treat-
ments due, track indications for therapy, monitor patient
response to therapy, investigate RT compliance with the
protocol care plan, trend transitions to alternative therapy,
identify patient outcomes, and quantify the impact of pa-
tient-driven protocols on department operations. Point-of-
service charting was configured to serve as a “bedside
coach” so that the charting fields prompt the practitioner to
perform the essential steps in the protocol and capture the
information that drives the care plan.

A major opportunity for health care cost-containment is
in developing information systems that provide practitio-
ners with better information and decision-support for ef-
fective resource management.12,20–24 The use of point-of-
care computers can reduce clinical costs.20–24 Iregui et al25

studied the impact on ventilator-weaning of using a hand-
held-computer version of their existing protocol. They
found that patient eligibility for a spontaneous breathing
trial was identified much earlier and that intensive care
unit (ICU) stay was significantly shorter. With 352 pa-
tients enrolled in their study, a computerized interactive
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version of their weaning protocol eliminated a total of 264
ICU days, for a cost saving of $369,600.25 At UCSD the
RCMIS improved speed, accuracy, and information ac-
cess, and provided essential feedback for managing pa-
tient-driven-protocol-related activities. The actual year-end
reduction in respiratory care expenses associated with im-
plementation of patient-driven protocols at UCSD exceeded
$500,000.

Improved Productivity

Productivity improvements from implementing the
RCMIS at UCSD were not unlike the productivity im-
provements found by other institutions that made the in-
vestment in information systems that provide for work
load assessment, assignment, and reporting results. My
discussions with CliniVision and MediServe users indicate
productivity gains of 5–10% (unpublished data from my
2003 interviews with users). Improved productivity is an
often-reported benefit of transitioning to a computerized
information system.6,19,26 At UCSD the RCMIS allowed
us to identify significant variability in the day-to-day, shift-
to-shift, and area-to-area demand for respiratory care ser-
vices throughout the medical center. In such an environ-
ment it is important to maintain the ability to vary labor
resources and cross-utilize staff to minimize idle time,
maximize time spent with patients, and maintain a pro-
ductive workforce. It became clear that having a central-
ized respiratory therapy department was the best way to
monitor work demand and manage the hospital-wide allo-
cation of respiratory care staff. The data identified when
and where therapy was done, allowing for the objective
determination of the cost of respiratory care per procedure
and per nursing unit. It became evident that there was no
other structure or skilled personnel that could perform re-
spiratory care tasks at a lower respiratory care cost per
nursing unit.

The RCMIS also automated the deployment of RTs to
work areas, based on the number of patients and treat-
ments. Time standards were configured for each procedure
so that staff were assigned 440 min of care in an 8-hour
shift and 660 min of care in a 12-hour shift. In addition,
because the system operates via radio-frequency network
and automatically routes incoming orders to the appropri-
ate practitioner, it quickly informs RTs and supervisors of
changes in work demand. Knowing where staff were needed
at any given time of the day provided for mid-shift re-
allocation of staff and improved planning for the next
shift.

Practitioners spend a substantial portion of the workday
documenting patient care activities. RCMIS that provide
point-of-care on-line charting and access to information
can improve productivity (Table 5). Ford and Burns found
an immediate 8–10% improvement in daily productivity

with tools that provided for better assessment of work
demand, improved ability to flex and re-allocate, and less
time spent entering information into medical records. To-
tal annual salary expenditures for the RT clinicians were
about $1.8 million, so a 10% productivity improvement
saved about $180,000. The decrease in salary expenses
alone was enough to pay for the RCMIS within the first
year of operation.11

Improved Charge Capture

Systems that automate billing capture and electronically
transfer patient charges to the finance department can in-
crease charge revenue by 10–30% (unpublished data from
my 2003 interviews with users of such systems). The
amount of the charge revenue increase largely depends on
the efficiency of the systems that are in place prior to
RCMIS installation. At UCSD charge capture improved
by 10% after our 1993 RCMIS installation. At UCSD’s
Thornton Hospital in La Jolla, California, charge capture
improved by 300% after their 1997 RCMIS installation;
that substantial increase was from transitioning from a
decentralized to a centralized system of managing their
respiratory care services and from refinements in the bill-
ing process, both of which were made possible by the
RCMIS. Table 6 lists ways that RCMIS can improve bill-
ing capture. Although UCSD is largely reimbursed through
capitated payment programs, a small percentage of gross
charges are recovered based on billed services. At Thorn-
ton Hospital net revenue increased by $900,000 the first
year after RCMIS installation—a substantial improvement,
considering the hospital’s marginal collection percentage.
Improved charge capture justified the total expense of the
RCMIS at Thornton Hospital within 60 days.

The RCMIS at UCSD improved productivity, enabled
implementation and expansion of their protocol program,
and decreased the actual operation budget by more than
$700,000 in fiscal year 1993–1994. The 1997 Thornton
Hospital RCMIS installation brought similar productivity
gains, enabled protocol-program support, and improved

Table 5. Respiratory Care Management Information Systems That
Use Mobile Devices* Improve Productivity

Immediate bedside access to patient information
Concurrent access to the patient record for documenting patient care
Elimination of a separate process to perform billing
Reduction in time spent entering information (drop-down menus,

automatic fill-in of certain fields, and electronic interface with
medical instruments that transfer data to specific fields)

*“Mobile device” means a hand-held computer that goes with the clinician during work and
accesses patient information in the respiratory care management information system via
radiofrequency connection.
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actual annual net revenue capture by more than $900,000.
These gains achieved at UCSD and Thornton Hospital
may seem extraordinary, but my discussions with respira-
tory service administrators and directors and with user
group forums for both CliniVision and MediServe indicate
that most facilities have recovered their initial RCMIS
investment within the first year.

Summary

Information technology can play an important role in
the collection, analysis, and reporting of both clinical and
operational data and can enable programs that may not
otherwise be possible with limited resources. At UCSD
information systems that support the provision of clinical
services and automate previously manual processes pro-
vided the edge needed to succeed in re-engineering respi-
ratory services. By automating the assessment of work
demand and the assignment of work load, productivity can
be improved. By configuring hand-held point-of-care com-
puters as protocol “coaches,” the practitioner can success-
fully implement protocol care plans. By capturing care
plans and outcomes at the point of care, the surveillance
needs of a protocol program can be met. By capturing data
and automating reports, continuous quality improvement
programs become data-driven. By working with program-
mers to design tools for data analysis, manual processes
that previously took days can be automated and reduced to
a few hours, and in some cases minutes. There is no doubt
that information technology brings substantial benefit and
savings if applied appropriately and can substantially in-
crease the personal productivity of respiratory care staff
and managers. Andrews et al, in discussing wireless point-
of-care data entry, perhaps summed it up best: “If care-
givers are to become effective managers of health care
resources in a diverse clinical environment, they will need
these tools to achieve efficient access to information to

make well-informed decisions and to measure patient out-
comes.”6 For UCSD, if it were not for the RCMIS ac-
quired in 1993 and the resulting improvements in data
access and operational enhancements directly attributed to
the RCMIS, the respiratory care department at UCSD might
no longer exist.27

Accurate information and its timely availability are crit-
ical for today’s respiratory care department. Cost-effective
care requires rapid identification of and response to the
changing patterns of care delivery needs, in a concurrent
rather than retrospective time frame. RCMIS manufactur-
ers continue to invest in new tools to improve RCMIS
performance and expand capabilities to include decision-
support and branching logic. Respiratory care departments
that invest in an RCMIS will have an advantage when it
comes to the provision of quality care and reducing ex-
penses.
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Discussion

Ward: As you mentioned, more and
more ICUs are installing clinical in-
formation systems— comprehensive
computerized systems that do every-
thing. We have one in our ICU and I
don’t think it interfaces well with our
RCMIS, so that’s been a problem for
us. Among the problems is that some
of our ventilators do not communicate
with our clinical information system.
That’s caused problems for research
and with regard to presenting an or-
ganized and comprehensive flow sheet
of what’s going on, so if anyone out
there is considering purchasing one of
these systems, I recommend that you
make sure that the RCMIS and the
clinical information system interface
well.

Ford: I agree, Nick. You must con-
sider the system’s ability to interface
with clinical information systems and
medical instruments. That can be a prob-
lem with vendor-specific systems, some
of which are designed to interface only
with their particular piece of equipment.
I hope that’s going to change, but we’ll
have to challenge the manufacturers to
do it. I have the same connectivity is-
sues in our ICU. We can interface with
Puritan Bennett ventilators but not with
other ventilators.

MacIntyre: These calculations we
make for administrators of so-called

cost savings and revenue enhance-
ments can, I think, be a 2-edged sword.
Specifically, with revenue enhance-
ment you can increase charge capture,
but at my institution each year the ad-
ministrators negotiate discount rates
with the third-party payers, and if
we’re increasing service volume or in-
creasing charges dramatically, we just
turn around and offer them a bigger
discount, so the net flow of cash
doesn’t change all that much. So
there’s a problem with a simple argu-
ment that you’re going to improve
charge capture.

And the flip side is also true. We
talk about cost savings, and I agree
that you can save costs in terms of
cutting down on people who are de-
signed to do billing. We did that at
Duke when we implemented a man-
agement information system. I think
that’s a legitimate cost savings. But I
also think you have to be careful in
terms of clinician FTE savings. You
can calculate these various efficien-
cies very nicely, as you described, but
the only way you really save money
on FTEs is by getting rid of them.
That can be a very scary thing to do,
because there’s a certain “critical
mass” that I think you need to provide
basic clinical respiratory services.

For instance, in my institution at
night on the adult service I have 1 RT
for general care, and I can’t get rid of
that RT. I need that RT there for emer-

gencies and patient care. If I develop
a system that shows there are savings
to be made in the nighttime workload,
because they have this wonderful com-
puterized machinery, I can’t translate
that into actually removing a person
from my staff. So calculating those
cost savings can be problematic. You
don’t really save an FTE unless you
eliminate an FTE.

Ford: Your points are very well
made. It is very important for depart-
ment managers to thoroughly under-
stand their hospital’s reimbursement
environment before they decide on an
approach to justifying or assessing the
benefits of an RCMIS. As an exam-
ple, I had to thoroughly understand
our Thornton Hospital environment,
which has totally different reimburse-
ment considerations, so my approach
to justifying RCMIS was totally dif-
ferent.

In regard to the FTE issue, I did
have some early initial reductions as
unnecessary care was eliminated
through protocols; however, you’ll
note that I never stated that we had a
net decrease in FTEs at UCSD over
that period. In fact, in the past 10 years
I’ve gone from about 42 FTEs to nearly
60 FTEs, and I justified those through
this system. You get an improvement
in productivity, which means you can
better match service demand with
available staff, but some of that im-
provement is actually from an increase
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in the number of charges captured.
That can provide a benefit if you’re in
a flexible budget environment. For ex-
ample, if my units of service go from
3,000 to 6,000, my administrator lets
me add staff. In terms of protocols, if
you’re doing less therapy, you can re-
duce the number of staff who perform
those therapies.

But I also recognize you need to be
careful not to overstate productivity
gains in some situations. Thornton
Hospital is a small community hospi-
tal where I have 1 or 2 people on per
shift. I have minimum staffing thresh-
olds for Thornton, so my administra-
tor knows that, regardless of whether
I have 1 or 4 or 5 ventilators in oper-
ation, I’m always going to have at least
1 person per shift. We’ve established
these minimum thresholds at which
the productivity equations are not used
to forecast total staff needed. You have
to reach that understanding with your
administrator before making a com-
mitment that you’re going to be able
to improve productivity.

Hess: You talked primarily about
commercially available systems, but
there is another option. That is, an in-
stitution can build its own system. For
example, we did that using several RTs
who have computer skills; we built it
in Microsoft Access database manage-
ment software and worked with our
information technology people, and as
a result we don’t have a commercially
available system at all. It’s our own;
we built it ourselves. We’ve talked at
this conference about being able to
configure the system—to modify it and
so forth. You can do that with a home-
made system, provided that you have
a few people who have the skills and
the labor of love in doing this.

Ford: I think you hit the nail on the
head, Dean. In certain environments
you may have the skills, resources,
and motivation to build your own sys-
tem. Certainly when Pullen,1 in 1980,
described the benefits of an RCMIS,
prior to any manufacturers of com-

mercial RCMIS, he was looking at fa-
cilities that had the talent, motivation,
and resources to develop systems spe-
cifically for respiratory care. Today a
handful of sites have developed their
own systems. However, although it can
be done, it remains a challenge to
achieve the same benefits as the com-
mercially available systems.
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Stewart: One of the things you men-
tioned, which we also experienced in
our organization, was that the RCMIS’s
“bedside clinical coach” function de-
creased the time associated with orien-
tation of new RTs. What we used to see
with 100 RTs was everybody using their
own private language to describe some-
thing, which made it really difficult
when you spent 6 to 10 weeks orienting
a new employee. It’s another important
RCMIS advantage that orientation be-
comes more complete and more guided.

Giordano:* I don’t want this discus-
sion to end without saying that moves
to reduce staff are always a good thing
from a business standpoint, but I get
the feeling sometimes when we talk
about this, that we’re thinking about
the pie only being so big and we don’t
consider the unmet needs of the pa-
tients within institutions, and how—
by not needing as much staff to do a
certain sector of procedures and clin-
ical interventions—this could free up
staff to do some other things that would
contribute to quicker resolution of the
problem or shorter length of stay,
which, in terms of the “macro” issues
that face institutions, is very favorable
from a business standpoint. So by in-
creasing efficiency and decreasing the
staff necessary for, lets say, aerosol
therapy, that does not necessarily mean

that that staff that was once needed
for that cannot be redirected to do
something that would help the insti-
tution or the department achieve its
goals.

I know, for instance, that even
though many hospitals have smoking-
cessation programs, which I believe is
the single most profound clinical in-
tervention that could ever be done to
treat pulmonary disease, that it’s kind
of a hit-and-miss situation in a lot of
institutions. And this is a natural for
RTs. By freeing them up from certain
tasks we could then get them into us-
ing protocols and procedures that re-
quire the critical thinking and the true
professional aspects of respiratory
therapy. They don’t always have to
have equipment in their hands to make
a difference.

Pierson:* Based on your knowledge
of the systems, your experience with
implementing them, and your famil-
iarity with our whole health care sys-
tem I’d like you to speculate on what
we’re going to see 5 years from now.
Will we see hospital information sys-
tems get smarter and more encompass-
ing so that they serve the needs of
respiratory care departments, or will
we see thousands of hospitals with spe-
cific RCMIS?

Ford: I think there are a couple
things the future is going to bring, and
hopefully the RCMIS manufacturers
will respond to the needs of the respi-
ratory care community. The introduc-
tion of RCMIS came at a terrible time
in health care, in which decreased re-
imbursement and increased competi-
tion for capital dollars limited instal-
lation beyond 250 hospitals. In the
years ahead all involved are going to
have to look at the connectivity is-
sues, because we want to chart only
once and not be required to enter du-
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plicate information into other systems.
So the connectivity issues between
ICU systems and other computerized
information systems must be a prior-
ity for our vendors.

We’re going to see also that these
systems will universally support pro-
tocols. I think the information system
vendors have gotten that message and
understand how important it is to en-
hance protocol-driven care. They will
take advantage of wireless portable de-
vices, so we will have point-of-care
charting that actually supports proto-
cols.

Lastly, we talked about how expen-
sive these systems are and that they
need to be more affordable. Manufac-
turers could offer various levels of
functionality, such as the with con-
cept of a “MediServe Light” or a
“CliniVision Light”—something for
departments that don’t need the
$180,000–250,000 full-function sys-
tem but just need the basics to provide
workload management, charting, bill-
ing, and reporting. More advanced
functions such as decision-support and
interfaces with other hospital systems
would cost more.

Nelson: You said you need to put
your processes into the management
system. Do processes drive the com-
puterization, or does the computeriza-
tion really drive an improvement in
your process? I’m reminded of the case
of when you have something that
doesn’t work: do you just try to cover
it up, like painting polka dots on an

Edsel? Which comes first, the chicken
or the egg?

Ford: I think the processes come
first. You already have processes in
place, and the automation and com-
puterization make those processes
much more efficient and effective. Es-
tablished processes become more da-
ta-driven, and you have improved ac-
cess to information. You also have a
new way of surveying, from a central
location, what’s happening in the var-
ious areas of the hospital. The RCMIS
may drive new processes, but I think
most adapt and configure computer-
ized information systems to their en-
vironment, to increase the efficiency
and effectiveness of existing pro-
cesses.

Gardner: I’ve walked into 3 hospi-
tals in the last week and there was a
sign at the front door of every one that
read, “Turn Your Cell Phone Off.”
How can we use wireless devices?
How can clinicians use PDAs [per-
sonal digital assistants], especially in
the ICUs, if everyone says turn them
off?

Ford: The problem of radio-fre-
quency devices interfering with med-
ical instrumentation is important. Pu-
ritan Bennett updated their 840
ventilator to better shield it, follow-
ing an incident related to radio-fre-
quency interference. The early hand-
held wireless devices used with
information systems were known to
possibly interfere with medical de-

vices. In fact, CliniVision put a warn-
ing on the device screen that prompts
the user to be at least 3 feet away
from a medical device prior to ra-
dio-frequency transmission. We’ve
also seen a decrease in the wattage
of these devices over the years—as
high as 2 watts during the early
1990s, compared to a quarter of a
watt or less now—so the threat of
interference with medical devices
from wireless laptops and hand-held
devices is far less, although we still
have the policy in our hospital that
there are no cell phones in patient
care areas.

Volsko: I worked with MediServe
in the early 1990s, during the advent
of their spread-spectrum technology.
At that time we used Bear 5 ventila-
tors, which were affected by wireless
devices. We missed bradycardias in
the neonatal ICU if the RTs were chart-
ing within 50 feet of a cardiorespira-
tory monitor. They couldn’t use the
hand-held devices in the blood gas lab,
because they would interfere with
the Corning 178 calibration process.
The therapists had to take the hand-
held devices outside of the ICU to
do their charting. So we had a lot of
obstacles that we worked through.
It’s interesting to see how the tech-
nology has evolved, and it’s nice to
see the commitment of the vendors
to address those problems and make
the technological advances so that
we can use this technology in respi-
ratory care.
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