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Effective application of information technology has transformed many facets of modern
life, such as manufacturing and finance, but has had little measurable effect on medicine in general, or on nephrology and dialysis in particular. The failure of information
technology in medicine can, in our opinion, be traced to poor design and implementation of medical software. Even today, nurses and physicians still spend 50% and 33%,
respectively, of their time on paperwork. Our approach to computerization of the patient
record, begun 24 years ago, treats the patient as the central core of the computerized
record system, and makes use of a comprehensive, clinically relevant, time-oriented,
digitally coded database. An embedded query tool allows quick and easy organization
of the database at the point of care to make knowledge available about individuals and
groups of patients, and without delay. In those scenarios where effective computerization has been combined with effective clinical and administrative management, the results have been striking. Demonstrated and published results include: 1) Improved
patient welfare, with a decrease in both mortality (20–25% less than the U.S. average)
and in morbidity (increased serum albumin and muscle mass, and decreased blood pressure and hospitalization). 2) More efficient and effective use of personnel caring for the
patient (5.9 fewer full-time staff per 100 hemodialysis patients than the national average), with consequent increase in patient satisfaction and saving of staff time. 3) Reduction and containment of costs of medical supplies. 4) Effective management of the
processes involved in billing, collection, and accounts receivable. 5) Online, continuous
quality improvement and effective clinical and administrative management of the dialysis unit based on timely, complete knowledge of relevant information (especially when
unexpected events occur). 6) Significantly improved return on investment; net savings of
at least $13.69 to $17.40 per hemodialysis treatment have been achieved.

mong the important objectives of
computerization for management
of patients treated by dialysis are,
in our view, better patient outcomes and
welfare, improved staff efficiency, lowering and containment of costs, and a significant return on investment. We believe, and
have shown, that it is possible to lower and
contain costs, and to improve the return on
investment, through utilization of modern
computerized systems designed to opti-

A

mize patient care, eliminate duplicate entry and hand transcription of data, radically reduce paper recording of data, improve
work flow, and enable flow of billing and
administrative functions from the patient’s
clinical record.
Major cost items within control of the
dialysis unit administration include personnel, supplies, and billing and collection. Some personnel are engaged in
administration and billing, but most are
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Table I. Objectives for a computerized patient record system.
• A complete, lifetime, medical record — clinical and financial
• Data coded, to allow immediate organization and
rearrangement of data
• Routine and ad hoc reporting and outcome analysis on patients —
individuals and groups
• Billing and reporting flow from the clinical record
• Records immediately accessible, wherever and whenever needed for
care of the patient
• Reports to allow interpretation of changes over time and with treatment provide knowledge about the patients — individuals and groups
• Reports for practice utilization and CQI review — without data reentry
• Adaptable to new findings and changing practices
• Store all data live
• Minimize medical record duplication, storage, retrieval, handling
• Generate bills accurately and without delay
• Justifications needed for billing flow from the medical record
• Send bills electronically to carrier
• Receive explanation of benefits (EOB) electronically
• Reduce personnel needed for non-patient care activities
• Maximize personnel involvement in patient care activities
• Relate treatment to outcome to cost
• Relate administrative to medical data
• Maximize patient care revenues
caregivers (nurses, patient care technicians, dietitians, and social workers).
An effective computerized information system should address the needs
of caregivers as well as those of administrators and billing personnel.
There is clear evidence that up to
50% of a nurse’s time (and up to 33%
of a physician’s time) is spent in clerical activities.1 In the dialysis unit,
nursing personnel spend much time—
perhaps as much as 30% of their
time—recording information that
could have been tracked effectively by
machine, as well as organizing patient
data to satisfy legitimate needs of patient care, of other healthcare
providers, of continuous quality improvement, and of regulators. Billing
involves personnel-intensive identification and transcription of patient-specific clinical information onto the bill.
The common approach to dialysis
computerization has been to address
administrative and billing aspects of
808

dialysis practice; this is still true today. 2 Clinical aspects have often
been ignored or regarded as an addendum to the administrative/billing
record, and many dialysis units still
use paper-based systems. Conceptually, it is difficult to envision how
administrative/billing management
systems can play a role in reducing
costs of personnel who care for patients, or of those who manually
transcribe laboratory test results, or

of those who transcribe clinical information onto the bill.
We write to share our 20-year experiences in applying a very different approach to computerized
information management with regard to the dialysis of patients with
end-stage renal disease (ESRD).
OBJECTIVES
Table I lists the objectives of our approach to development of a completely new computerized patient record
(CPR).3-7 This approach treats the patient—the focus of the medical care
system—as the central core of the
computerized record system. It requires a comprehensive, clinically relevant, time-oriented, coded database.
Equally important, this database requires an embedded query tool, so
that the coded database can be quickly and easily organized at the point of
care to make knowledge available
about individuals and groups of patients, and without delay. These objectives, first developed 24 years ago,3
have been expanded over time.
Computer technology has evolved
rapidly in the past two decades since
this project began. The CPR described herein has developed and has
been reinvented to take advantage of
those advances in technology. The
prerequisites listed in Table II are appropriate to the modern generation of
computer technology; many could
not have been met with earlier generations. Consequently, the results addressed herein are derived from

Table II. Prerequisites for a computerized patient record system.
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• Client/server architecture with distributed processing
• Relational database
• Centralized database available to all users, with remote access
• User friendly for physicians, nurses, and other caregivers
• Fast workstations
• Open systems to facilitate data transfer to and from other databases,
e.g., laboratory
• High level of security for clinical and financial information
• Integrated electronic mail for secure communication about patients
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Table III. Benefits of a CPR for physicians,
nursing staff, dietitians, and social workers.
• Radically reduced paperwork, with integrated, single-entry
data management
• Complete elimination of double-entry and hand transfer of data
• Legible orders immediately available anywhere,
and automatically displayed
• Elimination of the need to seek data stored separately on paper
• Immediate access to the entire patient record in the dialysis unit,
hospital, office, and home
• Immediate access to stored documents
• Automated download of laboratory and other tests eliminates time
wasted in calling for and checking lab results
• Automated generation of dialysis schedules
• Automated notification at the point of care of needed future actions
(e.g., chest x-ray needed in one year)
• Automated detection and notification of deviations from expected
values and of patients requiring special attention
• Complete elimination of “taking off,” transfer,
and rewriting of orders
• Readily available computer-generated standard and
customizable reports, including care plans, for quality assurance,
CQI, and DOQI guidelines management
• Computer-generated reports to provide complete data on patient
transfers, hospital admissions, etc.
• Computer-generated reports for inspectors and regulators
• Fully automated hemodialysis machine operations that include
automated recording of pulse, blood pressure, blood flow rate,
and arterial, venous, and transmembrane pressures
• Supervisory staff can monitor any dialysis treatment from afar
• Elimination of manual calculation of fluid removal for
individual HD sessions
CPRs that, while based on a consistent set of objectives, became more
sophisticated, more user friendly,
and increasingly more capable of realizing the objectives.
In today’s world, for example,
clinical information entered at chairside and by laboratory and machine
interfaces flows seamlessly to enable
creation of charges without data
reentry. In turn, claims are submitted
by electronic data interchange to payers/insurers. Financial information
can also be analyzed and related
without difficulty to clinical information to produce knowledge about
the relationship between financial
and clinical.
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DEMONSTRATED RESULTS
Computerization does not per se provide the complete answer. Both effective computerization and effective
clinical and administrative management are needed. The results referred
to herein derive from dialysis units
that used a patient-centric, coded,
computerized patient record system
(Disease Manager Plus™, MIQS®,
Inc., Boulder, CO) to provide timely
information that was then applied to
clinical and administrative management. Demonstrated results include:
• Improved patient welfare, with a decrease in mortality and morbidity.
• More efficient and effective use of
personnel caring for the patient,
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with consequent increase in patient
satisfaction and saving of staff time.
• Reduction and containment of costs
of medical supplies.
• Effective management of processes
involved in billing, collection, and
accounts receivable.
• Effective clinical and administrative management of the dialysis
unit based on timely, complete
knowledge of relevant information.
• Improved return on investment.
Mortality and Morbidity
For a particular dialysis unit (Dialysis
Clinic, Inc., Cincinnati) that has been
using the CPR from 1976 onward, information on mortality and morbidity
has been published extensively,7-11 and
is summarized in Figure 1. For most
of this period, national data were
available only as an unadjusted case
fatality rate. The unadjusted case fatality rate in the unit using the CPR
was at least 25% less than either the
U.S. national average or the ESRD
Network average over a period of 10
years. Hospital admission rates and
the number of days of hospitalization
were reported for that unit in detail.10
No national or Network data were
available for comparison.
In a second dialysis unit that implemented a new generation CPR in late
1994, the mortality rate in 1995–1996
was 20% less than the U.S. average.
With regard to that unit’s EPO-treated
patients, significant iron deficiencies
were clearly recognized only when electronically downloaded laboratory results could be examined in detail, which
first occurred in December 1995.12
Systematic treatment with oral
iron was then undertaken for 9
months in 1996, but had little effect
on the anemia; it was, in fact, associated with a worsening of the iron
def icit. Thenceforth, systematic
treatment with intravenous iron over
the next 12–15 months led to remarkable and unexpected favorable
effects on mortality and morbidity,
continued on page 814
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Table IV. Benefits of a CPR for the billing and
collection processes.
• Improves the accuracy and precision of billing
• Elimination of need for clerical personnel or for nurses to enter
charges into the billing system
• Elimination of transcription errors
• Automated generation of the record for each hemodialysis treatment
• Automated “splitting” of the bill when the patient is in hospital
• Automated recruitment onto the bill of the appropriate hematocrit
or hemoglobin and URR value
• Automated monthly feedback reports to check billable items
for each patient
• Automated daily feedback reports to check medications
given per orders
• Bills edit-checked automatically before electronic transmission
• Accurate bills, sent electronically without delay
• Fewer billing personnel needed
• Charge capture in real time enables rapid monthly closings
• Complete clinical documentation minimizes billing rejection
• Improved management of the collection cycle, and minimization
of receivables
• Fewer personnel needed for collections because fewer errors are made
• Billing and collections can be accomplished by relatively low-level
billing staff
measured as a 6% increase in serum
albumin, a 9% increase in muscle
mass, a 3.7% decrease in the postdialysis mean arterial pressure, and a
20% decrease in the number of days
of hospitalization.12
Personnel Caring for Patients
A selection of tasks that can be eliminated or made easier using a CPR is
listed in Table III. If the proportion of
caregivers’ time taken up with paperwork could be reduced by, for example, 75%, then considerable personnel
time savings would follow.
The study cited above involving the
use of the CPR and subsequent iron
management provided objective evidence for improvement in patient wellbeing, improved nutritional status, and
decreased rates of hospitalization.12
These improvements decrease the acuity of the illness with which patient care
staff must deal on a day-to-day basis.
Data from the “1993 ESRD Statistical Cost Report” showed that in 537
814

dialysis facilities with >83 patients
each, there were 20.2 caregivers (nurses, patient care technicians, dietitians,

social workers) per 100 hemodialysis
(HD) and peritoneal dialysis (PD) patients.13 In 1989, in the unit using the
CPR, the number of patient care staff
was 7.5% less (Figure 2). Increasing
sophistication of the software and a
dramatic improvement in the user interface between 1989 and 1996 made
it possible to apply the CPR more effectively at the point of care.
If the dialysis nurse spends 35% of
his/her time on paperwork, and if this
time can be reduced by 75%, then the
amount of nursing time saved is considerable (25.75%). A caregiver could now
spend 92.5% rather than 65% of time
directly on patient care. Looked at another way, caregivers could take care of
42% more patients than the national average. A unit with the national average
of 20.2 caregivers per 100 patients
could reduce the staffing to about 14.2
caregivers per 100 patients. Staffing in
the unit using the CPR in 1996 was
consistent with this estimate (Figure 2).
Reduction and Containment of Costs
of Medical Supplies
Between 1978 and 1990, the cost of
medical supplies was analyzed in

Figure 1. Comparison of unadjusted case fatality rates among a dialysis unit that had
been using a computerized patient record since 1976 (Dialysis Clinic, Inc., Cincinnati;
DCIC), the ESRD Network, and the U.S. national average. Over a 10-year period, the
unadjusted case fatality rate in the CPR unit was at least 25% less than the U.S.
national average or the ESRD Network average. (From References 7 and 11.)
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Table V. Benefits of a CPR for administration
and financial management.
• Enforces accountability of individual staff person
• Enables automated reports for management and financial purposes without data reentry or data transfer
• Makes management reports available at any time for single dialysis units or for all dialysis units
• Ensures compliance with forthcoming HIPAA medical record
portability and patient security regulations
• Decreased acuity of illness and improved patient well-being are
associated with a decreased rate of hospitalization
• Decreased number of dialysis sessions with “empty” chairs
leads to increased revenue for the freestanding dialysis unit
• Dedicated information technology staff are not needed
• Decreased morbidity and mortality lead to increased utilization
of freestanding dialysis unit capacity, and increased revenue
• On the same server and with the same database, clinical and
billing services can be made available for nephrologists in their
offices and hospital clinical practices
• Rapid adaptation to changes in regulations and in intermediaries
relation to various aspects of
clinical performance, particularly that of dialyzers. The cost of
medical supplies in the CPR unit
mentioned earlier (Dialysis Clinic, Inc., Cincinnati) was compared with that of all Dialysis
Clinic, Inc., units (Figure 3).
In 1978, while the CPR unit practiced the reprocessing of dialyzers,
most other units did not. Medical
supply costs in the CPR unit (± $19
per treatment) varied little between
1978 and 1983. Demonstrating that
the reprocessing of dialyzers was
safe14 influenced other medical directors to adopt the practice. The corporate average cost of supplies per
treatment then decreased from $44 in
1978 to $26 in 1983.
Data analysis in 1983 drew attention to the fact that the cost of
supplies had not changed in the
CPR unit. Several changes were,
therefore, made. Information on
the reprocessing of dialyzers, previously available only on paper,
was computerized. Experiments to
examine individual dialyzer performance enabled selection of those
Circle 9 on Reader Service Card

with the fewest intradialytic symptoms and best reprocessing performance. Automated reprocessing
replaced manual reprocessing.
Medical supply costs fell promptly in 1984 and, despite a further reduction in the corporate-wide cost,
were $7.40 per HD treatment less
than the corporate average for the

next 6 years.5,7 This favorable effect
on costs was maintained during the
1987–1989 period, when the then
very costly synthetic membrane replaced cuprophan dialyzers.7
Billing, Collections,
Accounts Receivable
Information needed for accurate
billing includes codes, fee tables,
unit charges for services, adjustments, lists of billable medications,
and information about insurances/
payers and their changing relevance to the individual patient. In
addition, it must include rules under which bills must be submitted
and how these change over time.
Also required are selected patientspecific clinical items such as hemodialysis treatments, drugs
administered, hospitalizations, laboratory test results, and insurer/
payer information.
Provided that the patient-centric unitary CPR (i.e., encompassing all clinical, financial, and
administrative patient parameters) “knows” the rules, its design
ensures that clinical information
obtained from chairside, from the
laboratory, and from machine

Figure 2. Patient care staff per 100 dialysis patients (HD and PD) in the
two units using the CPR as compared to the U.S. average.
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interfaces flows seamlessly to allow
creation of charges without data
reentry. As described in Table IV,
this leads to improved accuracy and
precision; a reduction of paperwork,
data reentry, errors, and personnel
needed; and an improvement in the
speed of collection.
Effective Management Based
on Timely, Complete Knowledge
Some of the benefits of the CPR for
administration and financial management are listed in Table V.
One important advantage of the analyzable patient-centric unitary database
CPR is that questions important for
management decisions can be addressed
without delay, because complete knowledge is available both for groups and individual patients. The need for change
can be detected and demonstrated early;
the effects of changes introduced can be
evaluated without delay.
This approach was applied to the
evaluation of the clinical performance
and cost of dialyzers, to the introduction of new types of dialysis machines
and dialyzers,5-7,11,14 and to the evaluation and treatment of anemia.12 Improvements in patient well-being and
outcomes were readily documented,
accompanied by decreased costs in all
cases. Thus, management decisions
were made based on performance issues in the dialysis unit.
A particular advantage is apparent
when the unexpected occurs. The problem posed by a mini-epidemic of pyrogenic reactions during hemodialysis,
for example, was solved by immediate
analysis of data on >16,500 hemodialysis treatments.15 Continuous quality
improvement monitoring thereafter
was associated with a very low rate
(<0.25/1,000 treatments) of fever and
chills. Had the problem not been
solved rapidly, we might have had to
suspend use of both the then new highflux dialyzers and reprocessing, which
would have had adverse effects on patient well-being as well as important
negative financial consequences.
816

Return on Investment
We approach this important issue by
asking the following questions:
• What savings can be expected using
the CPR?
• What is the relationship between
savings and the costs of installing
and operating the CPR over a period
of years?

When a record system is
selected, it is important
to recognize that its
value is critically
dependent on its intended
purpose and on how that
purpose is implemented
in the software.
Here we have guidance from the
experiences of the two dialysis units
mentioned earlier that are using the
CPR. The first is from a CPR unit
with a yearly point prevalence of 116
patients treated by HD over the 10year period 1980–1989, amounting to
a yearly average of 14,500 HD treatments. Compared with the ratio of
20.2 patient care (nursing, dietary, social work) staff per 100 patients in
both Network 97 and the U.S.,13 the
CPR unit had 18.7 patient care staff
per 100 patients. Assuming a fully
burdened cost of $28,000 per patient
care staff person, the savings are
$42,000 per 100 patients per year.
Likewise, compared with 5 office
staff (major responsibilities in administration and billing) per 100 patients
in the control units, there were only 3
per 100 patients in the CPR unit. Assuming a fully burdened cost of
$34,000 per office staff person, the
savings are $68,000 per 100 patients
per year.
Taken together, these savings
amount to $8.80 per HD treatment.
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The cost of supplies in the CPR unit
was $15 less than in the control units in
1980–1981, and $7.50 less than in the
control units in 1982–1989. Over a 10year period, therefore, the savings were
at least $7.50 per treatment. The then
cost of the CPR was ± $1.20 per treatment, and of the separate billing system
$1.41 per treatment.5 Thus, the net savings (savings – cost of the CPR) were
$13.69 ($16.30–$2.61) per HD treatment. For 14,500 HD treatments per
year, the net savings were $198,500,
compared with a CPR cost of $37,800.
In the second unit, using a new
generation CPR in 1995–1997, there
were 14.3 patient care staff per 100
patients, which was 5.9 per 100 patients fewer than the U.S. average. At
a fully burdened cost of $37,000 per
caregiver, the savings approximate
$218,000 per 100 patients per year. If
the patients receive 144 hemodialysis
treatments per year, the savings approximate $15.15 per treatment.
The savings associated with the
need for fewer office staff were similar to those in the first CPR unit. Assuming a fully burdened cost of
$40,000 per office staff person, the
savings are $80,000 per 100 patients
per year, or $6.40 per treatment. No
data on supply costs are available. The
known savings, therefore, approximated $20.70 per HD treatment.
The total cost of software and hardware over a 5-year period with about
105,000 HD treatments was $3.30 per
treatment. Thus, the net savings were
$17.40 ($20.70 – $3.30) per HD treatment. For 21,000 HD treatments per
year, the net savings were $365,400,
compared with a CPR cost of $69,500.
DISCUSSION
When a record system is selected, it is
important to recognize that its value
is critically dependent on its intended
purpose and on how that purpose is
implemented in the software. Clinical
functions in many dialysis units are
still recorded on paper. Many current computerized dialysis systems
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Table VI. Potential sources of savings and dollars saved and gained per treatment in
units making full use of a patient-centric computerized information system.
Per Treatment

Assumptions

Source of Savings

Savings

Gains

Clinical
Patient care personnel (nurses,
technicians, dietitians, social workers)

$15

Reduced rate of hospital admissions
and stays (2–5 days per year)

increase of 1–2
treatments per year

$1.70–$3.40

Patient retention due to decrease in mortality

3% mortality
reduction (1st year)

$3.00–$6.00
$15

Clinical Totals

$4.70–$9.40

Office, Billing, and Collections
Abandoned charges
Debt service
Reduction in office and billing personnel

1 dose of EPO/Calcijex/IV
iron per month

$2.50–$3.00

reduce days of sales outstanding
(DSO) from 75 to 55 days

$1.25

decrease by 2 per
100 patients

$4.70–$5.55
$4.70–$5.55

Office, Billing, and Collections Totals

$3.75–$4.25

Total Savings and Gains
$19.70–$24.40

Clinical

$8.45–$9.80

Office, Billing, and Collections

Grand Total
address, mainly or exclusively, billing
and administrative needs, or only collect those clinical data mandated to
support billing rather than care. When
clinical functions are incorporated,
they are frequently designed as an addendum to a billing system.
In our view, a major purpose of
computerization is to make it easier to
record, report, and interpret the complex clinical information repeatedly
generated. In 1977, we predicted that
each HD patient generated 7,500 indi-

$28.15–$34.20
vidual data items yearly3; 10,800 were
counted per patient in 1988. The volume has since grown, consequent on
new understanding and wide use of
new processes (e.g., ultrafiltration
control, sodium modeling, direct
download from dialysis machines) and
new drugs (e.g., Epogen® and Calcijex®). Currently, each HD patient generates between 11,600 and 21,000
entries yearly. It follows that the dialysis unit is an ideal place for caregivers
to take advantage of the power that the

computer can bring to record, report,
and interpret patient information.
Many believe that data to be computerized should be predetermined.
As physicians, we know how difficult
it is to tell in advance which clinical
information is important; it is also not
easy to predict unexpected events and
what data might then be relevant.
Consequently, the CPR discussed here
was designed to accommodate and
manage virtually all details of medical
and dialysis practice. The total of
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Figure 3. Comparison of cost of medical supplies per hemodialysis treatment in the
Dialysis Clinic, Inc., Cincinnati (DCIC) unit that utilized a CPR and in the control
units, which consisted of all DCI sites, the number of which increased from about 10
to about 65 over the course of the 12-year study. (From Reference 7.)

items computerized has grown steadily over time to accommodate the rapid
changes in clinical knowledge, clinical practice, and billing practice.
It also has been suggested that there
are “categories” of data.2 Experience
makes it clear that information often
thought to be used for one purpose
(e.g., clinical) is, in fact, used for others (e.g., administrative and billing).
Also, a single information domain such
as a diagnosis is, in fact, used with
many others, e.g., medications, procedures, hospitalizations, laboratory justification, billing, administration, etc.
The CPR design and implementation,
using modern relational database technology, make it possible to handle all
information without any predetermined “category,” so that each data
item can be related, as needed, to many
other types of information.
It has further been suggested that
the more complex the computer system, the more costly to install and
implement and the more personnel
required on an ongoing basis.2 On the
contrary, the complexity of the patient-centric relational database de820

sign results in ease of installation,
maintenance, and clinical use. For
caregivers, it translates into 1) a user-

Each HD patient
generates between 11,600
and 21,000 entries yearly.
It follows that the dialysis
unit is an ideal place for
caregivers to take
advantage of the power
that the computer can
bring to record, report,
and interpret information.
friendly, easy-to-use system relevant
to their clinical care needs, with all
information available in reports for
individual patients; 2) improved
work flow; and 3) improved knowledge about all the patients.
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Although difficult to quantify, caregiver enthusiasm, dedication, and satisfaction are the most valuable and
cost-effective consequences of timely
clinical and administrative management
with the CPR. Dedicated professionals
want to do their best for their patients,
and become frustrated when they must
divert time from patient care to tedious,
repetitious paperwork. In our view, their
satisfaction derives from their ability to
render effective patient care, and from
seeing their patients do well. This is particularly important for dialysis staff who
develop close relationships with patients
they see thrice weekly.
An important practical effect was
that both of the units described earlier
using the CPR required fewer staff in
the dialysis unit, in the office, and for
billing than the national average. Nevertheless, the low mortality and morbidity rates experienced by those units
make it reasonable to judge that individual patient care and overall patient
knowledge were excellent. Efficient
staff use has profound, positive financial implications, as summarized in
Table VI. The potential savings and
gains listed have, in fact, been achieved
by the dialysis units discussed.
Many of the billing programs that
are used in dialysis have not been designed specifically to handle the complexities peculiar to dialysis billing. As
in the billing system described by Sargent,2 billing in the CPR is designed
specifically for dialysis billing. The
data in Table VI confirm his observation2 that a dialysis-specific billing
system results in considerable savings.
The work described in this article required contributions by many: faculty
colleagues who contributed to many
helpful discussions; staff at Dialysis
Clinic, Inc., Cincinnati, OH, from
1976 to 1990; staff at Upper Manhattan Dialysis Clinic, New York, NY,
from 1994 to 1997; and John P. Flynn, MIQS, Inc., who designed the
software used in both of the dialysis
units discussed.
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