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INFORMATION TECHNOLOGY

Automation, Decision Support, and Expert
Systems in Nephrology
Sandeep Soman, Gerard Zasuwa, and Jerry Yee

Increasing data suggest that errors in medicine occur frequently and result in substantial harm to the

patient. The Institute of Medicine report described the magnitude of the problem, and public interest in

this issue, which was already large, has grown. The traditional approach in medicine has been to iden-

tify the persons making the errors and recommend corrective strategies. However, it has become in-

creasingly clear that it is more productive to focus on the systems and processes through which care

is provided. If these systems are set up in ways that would both make errors less likely and identify

those that do occur and, at the same time, improve efficiency, then safety and productivity would be

substantially improved. Clinical decision support systems (CDSSs) are active knowledge systems

that use 2 or more items of patient data to generate case specific recommendations. CDSSs are typi-

cally designed to integrate a medical knowledge base, patient data, and an inference engine to gener-

ate case specific advice. This article describes how automation, templating, and CDSS improve

efficiency, patient care, and safety by reducing the frequency and consequences of medical errors in ne-

phrology. We discuss practical applications of these in 3 settings: a computerized anemia-management

program (CAMP�, Henry Ford Health System, Detroit, MI), vascular access surveillance systems, and

monthly capitation notes in the hemodialysis unit.

Q 2008 by the National Kidney Foundation, Inc.

Index Words: Anemia management; Clinical decision support system; Decision support; Expert sys-

tems; Electronic health records; Health information technology; Vascular access surveillance.

The Institute of Medicine report To Err Is
Human: Building a Safer Health System has

fostered an intense effort to use information
technology as 1 means to reduce medical er-
rors.1 Physician practice patterns and corre-
sponding treatment outcomes vary widely,
and such variations can be associated with
both suboptimal patient outcomes and in-
creased treatment costs.2 Observed differences
in treatment outcomes across populations sug-
gest that major opportunities for improvement
exist, as clinicians, patients, payers, and the
general public demand improved health care
quality and more information about it.3,4

Health care consumers seek to be better in-
formed about their choices and expect to see
provider-specific clinical outcomes data to
confirm the promised benefits of medical treat-
ments.5 Payers require clinical outcome data
to evaluate quality of care and cost-effective-

ness.6 This ‘‘outcomes movement’’ has been
fueled by recent research that describes sub-
stantial geographical differences in hospital
admissions and medical procedures, differ-
ences that cannot be explained solely by the
severity of illness.7 Such practice variations
are driven by many factors, including patient
population differences, lack of professional
consensus, nonuniform access to care, differ-
ences in local or regional capabilities, and the
overall quality of care practices. The great con-
cern is that practice variability may lead to
suboptimal treatment in a significant propor-
tion of patients.2,8,9

Health care quality measurement is an elu-
sive goal, and current quality of care measure-
ment practices are relatively primitive.10

There is a paucity of data to assess the imple-
mentation of treatment guidelines and related
treatment outcomes.11 In an effort to monitor
and improve care, insurers and managed-
care groups often apply utilization review,
profiling, and other rudimentary methods.4

Through the implementation of a robust
health care quality information system, raw
data can be transformed into useful codified
information, leading to new knowledge that
may improve patient care. These systems
must support a particular form of knowledge
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management, defined as ‘‘the process of creat-
ing, capturing, and using knowledge to en-
hance organizational performance.’’12 This
involves using automation, clinical decision
support systems (CDSSs), and the develop-
ment of large, sophisticated databases using
medical information technology to support
complex analyses integral to effective out-
comes monitoring and management.13,14

Theory of Error

Although human error in health care systems
has only recently received widespread atten-
tion, great attention has been accorded to hu-
man factors in error in the engineering and
aviation fields.15-17 It is easy and common to
blame operators for accidents, but investiga-
tions often indicate that an operator ‘‘erred’’
because a system was poorly designed. The
consensus among man-machine system engi-
neers is that our control rooms, intensive
care units, and operating rooms should be so
designed that they are more ‘‘transparent’’
so that the operator can more easily ‘‘see
through’’ the displays of the actual working
system to ‘‘what is going on’’ behind the
screens. Often the operator is locked into the
dilemma of selecting and slavishly following
one or another written procedure, each based
on an anticipated causality. The operator
may not be sure what procedure, if any, fits
the current an imperfectly understood or an-
ticipated situation.

Machines can also produce errors. It is com-
monly appreciated that humans and machines
are different and that their combination has
greater potential reliability than either alone,
but how best to use this knowledge is un-
known. Humans are erratic and err in surpris-
ing and unexpected ways; yet, they are also
resourceful and inventive and can recover
from their own and equipment-related errors
in creative ways. In comparison, machines
are more dependable, which means they can
be dependably incorrect even when a minor
corrective change in their output would pre-
vent a failure in a neighboring component
from propagating. The intelligent machine
can be made to adjust to an identified variable
whose importance and relation to other vari-
ables is sufficiently well understood. The intel-

ligent human operator still remains useful,
capable of responding to an ‘‘unknown un-
known’’ (a variable that was never antici-
pated, so that there was never any basis for
equations to predict it or computers and soft-
ware to control it).

Finally, we seek to reduce the undesirable
consequences of error, not simply the error
itself. Senders and Moray18 provide some
relevant comments that relate to information
technology: ‘‘The less often errors occur, the
less likely we are to expect them, and the
more we come to believe that they cannot hap-
pen’’ and ‘‘it is something of a paradox that the
more errors we make, the better we will be
able to deal with them.’’ They comment fur-
ther that ‘‘eliminating errors locally may not
improve a system and might cause worse
errors elsewhere.’’18

Systems Improvement and Error
Prevention

Although the traditional approach in medi-
cine has been to identify the persons making
the errors and hold them responsible in some
way, it has become increasingly clear that it is
more productive to focus on the systems by
which care is provided.19 If these systems
could be established in ways that would
both make errors less likely and catch those
that do occur, safety might be substantially
improved. A system analysis of a large series
of serious medication errors (those that either
might have or did cause harm) identified 16
major types of system failures associated
with these errors.19 Of these system failures,
all of the top 8 could have been addressed
by the better use of medical information tech-
nology.

Currently, the clinical information systems
in routine use in health care in the United
States leave a great deal to be desired. The
health care industry spends less on informa-
tion technology than do most other informa-
tion-intensive industries. As a result, in part,
the dream of system integration has been real-
ized in few organizations. For example, labo-
ratory systems do not communicate directly
with pharmacy systems. Even within medica-
tion systems, electronic links between parts of
the system including prescribing, dispensing,
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and administering typically do not exist today.
Nonetheless, real and difficult issues are pres-
ent in the implementation of information tech-
nology in health care, and simply funding
a large project does not guarantee that an or-
ganization will necessarily get an outstanding
information system, as many organizations
have learned to their chagrin.

Evaluation is also an important issue be-
cause data on the effects of information tech-
nology on error and adverse event rates are
remarkably sparse, and many more studies
are needed to address this issue. Although
such evaluations are challenging, tools that
assess the frequency of errors and adverse
events in a number of domains are now avail-
able.20-22 Errors are much more frequent than
actual adverse events (for medication errors,
the ratio in 1 study was 100:1). As a result, it
is attractive from the sample size perspective
to track error rates, although it is important
to recognize that errors vary substantially in
their likelihood of causing injury.23,24

The Role of Automation, Clinical
Decision Support, and Expert Systems

Although many errors can be detected and
corrected through use of human knowledge
and inspection, these modalities represent
weak error reduction strategies. In 1995, Leape
et al19 showed that almost half of all medi-
cation errors were intimately linked with in-
sufficient information about the patient and
drug. Similarly, people routinely miss errors
when they are asked to detect them by inspec-
tion.25

DSS can be thought of as ‘‘active knowledge
systems which use two or more items of pa-
tient data to generate case-specific advice.’’26

CDSS are typically designed to integrate
a medical knowledge base, patient data, and
an inference engine to generate case specific
advice.26

CDSS provides clinicians, staff, patients, or
other individuals with intelligently filtered
knowledge and person-specific information
at appropriate times to enhance health and
health care, especially at the point care.27

CDSSs encompass a variety of tools and inter-
ventions including computerized alerts and
reminders, clinical guidelines, order sets, pa-

tient data reports and dashboards, documen-
tation templates, diagnostic support, and
clinical workflow tools. CDS has been effective
in improving outcomes at some health care
institutions and practice sites by making
needed medical knowledge readily available
to knowledge users at point of care. Yet, at
many other sites, CDS has been problematic,
stalled during the planning stages, or not
even attempted. Consequently, relevant medi-
cal knowledge is not readily available or used
for many health care decisions in this country.
This is an important contributor to the well-
documented problems and suboptimal perfor-
mance of our health care system. Furthermore,
growing consumerism throughout US society
and efforts to shift the costs of care to patients
and expand patient participation in health
care decisions are driving increasing patient
and consumer demand for access to reliable
medical information. Achieving desirable
levels of patient safety, care quality, patient
centeredness, and cost-effectiveness requires
that health systems optimize their perfor-
mance via consistent, systematic, and compre-
hensive application of available health-related
knowledge through CDS.27

Computerized physician order entry sys-
tems that incorporate CDS have substantially
reduced medication error rates and improved
the quality and efficiency of medication use. In
1998, Bates and colleagues23 determined that
computerized physician order entry systems
produced a 55% reduction in serious medica-
tion errors. In another time series study, the
same group found an 83% reduction in the
overall medication error rate with the intro-
duction of a simple system.28 CDS has also im-
proved antibiotic-associated adverse drug
events and decreased costs.28

Another class of CDS is computerized alert-
ing systems, which can notify physicians about
problems that occur asynchronously. A grow-
ing body of evidence suggests that such sys-
tems may decrease error rates and improve
therapy, thereby improving outcomes, includ-
ing survival, the length of time patients are
exposed to dangerous conditions, hospital
length of stay, and costs.29,30 Although an in-
creasing number of clinical information sys-
tems contain data worthy of generating an
alert message, delivering the message to
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caregivers in a timely way that can be acted on
expediently has been problematic. For exam-
ple, Kuperman and coworkers31 documented
significant delays in treatment even when
critical laboratory results were phoned to care-
givers. Various new forms of alerting mecha-
nisms such as computer-generated terminal
messages, e-mail, and even flashing lights
on hospital wards have been devised and are
being tested to improve the delivery pro-
cess.31-33 It is now possible to integrate labora-
tory, medication, and physiologic data alerts
into a comprehensive real-time wireless alert-
ing system.

Alerts are a crucial part of a CDS, and their
value has been shown in controlled trials.30 In
1 study, physicians alerted via e-mail to eleva-
tions in serum creatinine of patients receiving
nephrotoxic medications or renally excreted
drugs, adjusted or discontinued drugs an av-
erage of 21.6 hours earlier than they would
have had no alerts been sent. In another study,
when clinicians who were paged about
‘‘panic’’ laboratory values, time to therapy
decreased by 11% and the mean time to resolu-
tion of abnormalities was shortened by 29%.30

As more and different kinds of clinical data
become available electronically, the ability to
perform more sophisticated alerts and other
types of decision support will grow. Most
sophisticated systems include a combination
of these tools.

The Value Proposition

For information technology to be imple-
mented more globally, returns on investment
must be sufficient, but far too few data exist
regarding this point in health care, and there
are stories in which huge investments in infor-
mation technology have, distressingly, come
to naught.

Positive examples relate to computer order
entry. At 1 large academic hospital, the sav-
ings were estimated to be $5 to $10 million
annually on a $500 million budget.34 In addi-
tion, in a randomized controlled trial, order
entry was found to result in a 12.7% decrease
in total charges and a 0.9 day decrease in
length of stay.35 Even without full computer-
ization of ordering, substantial savings can
be realized; data from Latter Day Saints Hos-

pital showed that a program that assisted
with antibiotic management resulted in a 5-
fold decrease in the frequency of excess
drug dosages and a 10-fold reduction in anti-
biotic-susceptibility mismatches, with sub-
stantially lower total costs and lengths of
stay.28

Factors Determining Successful
Implementation of CDS

Bates and others describe the ‘‘Ten Command-
ments’’ for effective CDS, which are noted be-
low36: (1) speed is everything; (2) anticipate
needs and deliver in real time; (3) fit into the
users workflow; (4) little things can make
a big difference; (5) recognize that physicians
will strongly resist stopping existing practices;
(6) changing direction is easier than stopping;
(7) simple interventions work best; (8) ask for
additional information only when you really
need it; (9) monitor impact, get feedback,
and respond; and (10) manage and maintain
your knowledge-based systems.

Barriers

Despite demonstrated benefits, only a handful
of organizations have successfully imple-
mented CDSS. A number of barriers have pre-
vented implementation. Among these are the
tendency of health care organizations to invest
in administrative rather than clinical systems;
the issue of ‘‘silo accounting’’ so that benefits
that accrue across a system do not show up
in 1 budget and thus do not get credit; the
current financial crisis in health care (exacer-
bated by the Balanced Budget Amendment,
which has made financial investment in
CDSS difficult); the relative lack of leaders
and standardization in medical information
technology; and a paucity of expertise in im-
plementing systems.

One of the greatest barriers to providing out-
standing decision support has been the require-
ment for an extensive electronic medical record
system infrastructure. Although much of the
data required to implement significant clinical
decision support is available in digital formats
at many institutions, the data are either inacces-
sible or not interfaced with CDS. Presently, ex-
isting and evolving standards for exchange of
information (Health Level 7) and coding
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of these data are simplifying this task. The ap-
proaches to choosing the information that
should be coded and the mechanisms of aggre-
gating purposefully a mixture of structured
coded information and unstructured text re-
main to be developed and perfected.

Some organizations have proceeded before
global adoption of standards with tangible
benefits. Henry Ford Health System (HFHS)
is currently in the process of developing
a state-of-the-art electronic medical record
that incorporates queryable Web-based data-
bases and computerized provider order entry.

A second major hurdle involves the choice
of appropriate rules or guidelines for imple-
mentation. Many organizations have not
developed processes for developing and im-
plementing consensus choices in their phy-
sician groups. Once the focus has been
determined, the organization must determine
exactly what should be done about the se-
lected problem. Regulatory and legal issues
have also prevented vendors from providing
this type of content. Finally, despite good pre-
cedents for delivering feedback to clinicians
for simple decision support, changing pro-
vider behavior for more complex aspects of
care remains challenging.17

Automation, CDSS, and Expert Systems
in Nephrology

The application of these principles to nephrol-
ogy practice is discussed in 3 settings: (1)
computerized anemia-management program
(CAMP�, Henry Ford Health System, Detroit,
MI), (2) vascular access surveillance system,
and (3) ESRD note documentation.

CAMP

Background

Despite nearly 2 decades of experience regard-
ing the treatment of the anemia of chronic kid-
ney disease (CKD) with erythropoietin, there
is inconsistency in outcomes and management
of this issue. The initial hemoglobin at the out-
set of renal replacement therapy remains at
less than 10 g/dL in a significant number of
patients for various reasons.37 Patient-related
factors such as inflammation may preclude
an adequate response to erythropoietic-stimu-

lating agents (ESAs) and/or iron therapy, or
there may be inadequate dosing of these
agents, singly or in combination, by the health
care provider.37 In addition, logistical factors
may hamper optimal dosing strategies. For in-
stance, a patient who receives weekly subcuta-
neous ESA dosing may miss doses for
whichever reason or may encounter insurance
snafus, the consequence of which is delayed or
missed ESA dosing.

Anemia management represents a major
portion of the HFHS’s comprehensive CKD
clinic and more than 1,000 patients have
been or are being treated for anemia associ-
ated with CKD in this clinic. The large volume
of patients requiring chart review before drug
administration and the time to deliver the
ESAs and/or intravenous iron represented
a large proportion of nursing time daily.
Time allocation was aggravated by the re-
quirement to obtain authorization from the
prescribing health care provider before ESA
injection, which was prolonged by inevitable
conversations regarding a review of the case.
Before implementation of a quality improve-
ment and CDSS for the anemia of CKD, multi-
ple heterogeneous strategies were used. ESAs
used were divided between epoetin alfa and
darbepoetin alfa in a ratio of 1:4 and timing
of administration varied from as much as
twice weekly to once monthly. Each regimen
was provider specific and patterns of iron ad-
ministration displayed heterogeneity equal to
that of ESAs. Iron was administered as several
common iron preparations and, typically, no
consistent time of delivery was specified, re-
sulting in patients taking their iron quite often
with food, thereby impairing its absorption.
The utilization of intravenous iron was highly
provider specific and only triggered when
several months of an inadequate response to
ESAs in association with oral iron intake was
appreciated.

The Task

To reduce nursing time to deliver ESAs and
intravenous iron and optimization of target
hemoglobin in CKD patients, we created a
CDSS, incorporating automation, templating,
and alerts that were available at the point of
care. All anemic CKD patients were placed
into this CDSS, CAMP�.
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System Description

CAMP� was specifically comprised of 2 paral-
lel algorithms derived from the evidence-
based literature and published and empiric
observations regarding ESA treatment using
darbepoetin alpha at extended intervals (de-
fined as dosing no less than once every 2
weeks) and outpatient intravenous iron as
low–molecular-weight dextran iron at doses
from 250 to 1,000 mg at infusion rates of 333
to 500 mg/h. One algorithm applied monthly
darbepoetin alfa dosing based on entry hemo-
globin. The more anemic the patient, the
greater the initial dose of darbepoetin alfa.
Notably, although dosing according to body-
weight is commonly done, this logic was
dispelled by the observation that no such
equivalent dose is based on weight but rather
on the patient’s hemoglobin response to
therapy. Iron therapy was based on KDOQI
guidelines, and oral therapy was attempted
first when iron deficiency was mild or absent.
Therefore, iron-sufficient patients who entered

the CAMP� program would be prophylacti-
cally treated with iron to provide for the eryth-
ropoietic demands imposed by the ESA.
Parenteral iron therapy was first administered
to patients with clear-cut iron deficiency based
on transferrin saturation and serum ferritin.
CAMP� logic and treatment parameters were
visualized by the administering agent, a nurse
or medical assistant, through a simple Web-
based interface, acting as a front end to a rela-
tional database. Appropriate linkages with the
health system’s central laboratory (Fig 1) were
made such that the most recent information re-
garding the last darbepoetin alfa dose, hemo-
globin, and ferrokinetic parameters was
onscreen. Trend analysis by CAMP� led to
a specific prescription of iron and ESA, of
which the default was to accept the dose,
unless written documentation was presented
to override CAMP�. In addition, the program
facilely allowed the end user to rapidly click
on menus that specified drug(s) and their site
(right/left arm) and type (subcutaneous or

Figure 1. Schema of the flow of information and data extraction within the GHS and HFHS computer
system. HFHS, Henry Ford Health System; CKD; chronic kidney disease; GHS, Greenfield Health System;
QA, quality assurance; SAS, SAS software.
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intravenous) of administration. All of this in-
formation was concatenated into a documen-
tation template for real-time entry into the
health system’s electronic health record, satis-
fying the need for accurate and medicolegal
documentation. In addition, CAMP� immedi-
ately notified the patient’s health care pro-
vider electronically of procedures completed
or suboptimal or unanticipated erythropoietic
responses.

Organizational and Implementation
Challenges

Because CAMP� has a database, clinical out-
comes are easily monitored and utilization of
iron and ESAs is handily compiled. The data-
base can be queried for hemoglobin, serum
iron, transferrin saturation, ferritin, and ESA
dose at a single point time or longitudinally.
Reports with informative graphs were devel-
oped and are used for continuous quality
improvement initiatives. Because darbepoetin
dosing was only at amounts that corre-
sponded to either drug vial sizes or that of
manufacturer-specified prefilled syringes
(Aranesp Singleject; Amgen Corp, Thousand
Oaks, CA), the most frequently used doses
were readily determined, thereby facilitating
drug ordering and supply chain management.
In addition, patients who required very high
doses of ESA could be determined rapidly.
Given its user friendliness, time-saving fea-

tures, ability to override the output, and posi-
tive outcomes, CAMP� was readily adapted
by our nephrology group at HFHS.

Status Report

CAMP� resulted in the establishment of a
homogeneous prescribing pattern for the
treatment of anemia, which balances iron
and ESA therapy from the outset, eliminating
the possibility that true or functional iron defi-
ciency will occur. Changes (overrides) to
CAMP� by various providers were nearly ab-
sent after the program had been in use for 6
months. Average ESA administration times
declined from nearly 60 minutes per patient
per month, at 4.3 weekly doses per month, to
7 minutes per patient per month, a 90%
monthly time reduction. In addition, clinical
outcomes significantly improved during
CAMP� utilization. Sixty percent of patients
who had received at least 3 consecutive doses
of darbepoetin and had undergone treatment
for a mean of 60 days maintained hemoglobin
levels of 11 to 13 g/dL. This compared to ap-
proximately 40% of patients having achieved
the target hemoglobin of 12 6 1 g/dL before
CAMP� implementation and only a few pa-
tients who exceeded 13 g/dL. Lastly, the aver-
age monthly darbepoetin dose varied
considerably from 0 to 300 mg per month,
with 300 mg representing the maximal allow-
able dose under CAMP�.

Monthly 

Warning 

List

Merge Lab 

Lab Data

Hct  

Qb >= 200, VDP >= 20 

MAP >= 75 

Dialysis Data

Entry  

Computerized

Excluded: Last Tx Hour. 

pt with < 10 Tx/mo  

Access

Monitoring

Database  

Calculate VAPR 

Yes

Triplet

Rule: 

No

Figure 2. Vascular access
surveillance logic. Hct, he-
matocrit; pt, patient; Qb,
dialysis blood flow (mL/
min); Tx, treatment; VDP,
venous drip pressure;
MAP, mean arterial pres-
sure; VAPR, vascular ac-
cess pressure ratio.
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Figure 3. (A, B) Sample report of vascular access surveillance. ESRD, end-stage renal disease.
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Vascular Alert System

Background

Arteriovenous grafts (AVGs) remain prevalent
in the United States hemodialysis population,
and clotting of these grafts represents a signif-
icant problem.38 The cost associated with graft
dysfunction is significant and represents the
cumulative sum of the costs of hospitalization,
in-center facility revenue loss and procedures
performed for graft salvage or replacement.
Compounding this problem is inconsistent
and heterogeneous care of AVGs. Prophylactic
inspection and physical examination of AVGs
are performed inconsistently and nonuni-
formly. Consequently, elevated intra-access
pressures, detected during the dialytic proce-
dure, often represent the sentinel event of
impending AVG thrombosis.39 However, in
many cases, vascular pathobiology has likely
been present for an extended period, possibly
beginning shortly after construction of the bio-
synthetic conduit. Nearly 75% of hemodialysis

patients are hospitalized for a vascular access-
related problem within 2 years.40,41 Vascular
access complications account for about 30%
of hospital admissions in chronic hemodialy-
sis programs. Hospitalization costs for vascu-
lar access problems exceed $1 billion per
year or around 10% of Medicare ESRD expen-
ditures.40,41 The major risk is with AVGs,
whose risk of thrombosis is 6-fold higher
than arteriovenous fistulas (AVFs). The risk
of AVG thrombosis increases up to 4-fold as
stenosis approaches more than 50%. Lastly,
graft patency is much better after elective
angioplasty than after thrombectomy.42

Recently, to prevent AVG and AVF throm-
bosis, there has been a reemphasis of using
proper techniques to evaluate for access
dysfunction. Accompanying this resurgence
have been several methodologies that pro-
mote vascular access surveillance.39,43-45 An
inexpensive method using a vascular access
pressure ratio (VAPR) has been devised to
prospectively detect and monitor for AVG
and AVF thrombosis.46,47

The Task

At HFHS, we have determined that vascular
access surveillance was only feasible for a
relatively small number of patients. Static vas-
cular access pressure measurements can be
used to determine graft patency vis-à-vis risk
for thrombosis. However, performing this pro-
cedure on large numbers of dialysis patients
requires great expertise and a high degree of
fidelity, with highly operator-dependent re-
sults. Individuals with expertise in direct
measurement of static access pressures are
few, and, consequently, ultrasound-based
technology has supplanted static pressure
measurement. Nonetheless, given a 100-
patient census in a hemodialysis unit with an
AVG and AVF prevalence of 60%, an operator
who requires 30 minutes per patient for ultra-
sonic measurements and documentation is
limited to approximately 340 evaluations
monthly. Therefore, under the best of circum-
stances, deployment of skilled personnel at
2.0 Full-time equivalent translates to access
surveillance only 72% to 80% of the number
of times dialyzed. This scenario is a costly prop-
osition, with equipment and personnel costs
amounting to greater than $140,000 annually.

Figure 3. (Cont’d)
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System Description

The vascular access surveillance system at
HFHS uses routinely collected dialysis data
to calculate VAPRs. Data from the dialysis ma-
chines are transmitted to a central hospital
server and then to a dedicated Web server as
seen in Figure 1. A proprietary Web-based al-
gorithm on the nephrology server houses the
various ‘‘rules’’ for this system (Fig 2) and
streams outputs to monthly progress notes
and enables users to make queries regarding
any warnings concerning the vascular access
of patients (Fig 3A and B). Three sequential
VAPRs of greater than 0.55 indicate possible
access stenosis and create an alert for the pro-

vider on the monthly progress note so that fur-
ther workup can be done to try and prevent
access thrombosis (Fig 4). In addition, a report
can be run to identify all those patients at
higher risk for access stenosis.

Organizational and Implementation
Challenges

Nearly all conventionally used hemodialysis
machines have the capability to record the vari-
ables needed to compute VAPR, which can
readily be transmitted electronically to a dedi-
cated database for further data collation and re-
finement. These parameters yield a family of
curves that encompass an ability to determine

Figure 4. Implications of
and further management
after an alert from the vas-
cular access surveillance
system. VAPR, vascular ac-
cess pressure ratio.
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intra-access pressure within the access site.
From this family of curves, we derived the vas-
cular access pressure ratio test.39 Ratios ex-
ceeding 0.55 were determined predictive of
access thrombosis/stenosis.39 With this instru-
ment and appropriate electronic outfitting of
hemodialysis machines, access surveillance
became much more efficient and widely
implementable, with little requirement for
human intervention. Hence, a complex mathe-
matical set of relationships was simplified into
a convenient decision support system.

To extend the usability of the system, cus-
tomized health care provider-specific reports
were developed, with serial pictorial represen-
tations of continual patient-specific data.
These ‘‘easy-to-read reports’’ could be ‘‘eye-
balled’’ for anomalous pressure readings (eg,
needle reversal with high-pressure profile,
arterial-end stenosis of the access [highly nega-
tive pressure at the prepump arterial pressure
transducer], unsuccessful access revision/
repair/angioplasty, and results that clearly
delineated whether VAPRs were in suprathres-
hold ‘‘danger zones’’ when access clotting
probabilities greatly increased).

Such reports are sent to the hemodialysis
unit director as a package or individually after
a patient’s dialysis session. Alternatively, by
using a secure Health Insurance Portability
and Accountability Act–compliant Web server,
reports could be examined and downloaded
at any time by health care providers, permit-
ting utilization of our vascular access sur-
veillance system by everyone involved in the
care of the access. Notably, the total cost of

software purchase for database initialization,
front-end programming, report generation,
and hemodialysis machine preparation was
less than $30,000.

Status Report

After the implementation of the vascular ac-
cess surveillance system at HFHS, there was
a significant decline in the vascular access
thrombosis rates (Fig 5). The vascular access
protocol that we presently use continues to
evolve, as those working with vascular access
issues develop a better understanding of its
practical application. Vascular access surveil-
lance reports prioritize those patients most at
risk for access failure. Currently, we conduct
careful physical inspections of vascular ac-
cesses and complete an Access Information
Sheet monthly for each patient in addition to
the monthly Vascular Access Warning Report,
which triages patients with vascular access
pressure ratio tests that exceed 0.55. Depend-
ing on the analysis of key parameters, the at-
tending physician determines if the patient
requires interventional evaluation.

Presently, the HFHS vascular surveillance
system is being marketed and sold, external to
HFHS, as a patent-pending commercial prod-
uct, by Vasc-Alert LLC (West Lafayette, IN).
This company provides service and technical
support for vascular access pressure surveil-
lance for AVGs and AVFs. To date, 5,000 patients
external to HFHS are undergoing dynamic
pressure surveillance through Vasc-Alert.

ESRD Monthly Documentation

Background

Greenfield Health System (GHS) is an inde-
pendent provider for renal replacement thera-
pies with dialysis units in Michigan and Ohio.
Together, they provide long-term renal re-
placement therapy for nearly 2,000 patients.
Currently, Medicare requires 4 documented
notes per month by the provider for maximum
reimbursement. One of these is the ‘‘monthly
capitation progress (MCP) note,’’ which is
a requisite for reimbursement.

The Task

The task is to be able to provide the dialysis pro-
viders with a tool that generates automated
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Figure 5. Thrombotic dialysis events decrease
using Vasc-Alert� technology during 3 consecu-
tive 6-month intervals.
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reports on the patient’s laboratory values, urea
kinetics, and other parameters, which are re-
quired for providing services during clinical
rounds. Given GHS’ geographic area, the sys-
tematic goal was to provide an instrument
that facilitated global review of all the monthly
blood test results and identified patients with
vascular access issues (discussed previously).

System Description

As mentioned earlier, GHS provides long-term
renal replacement therapy to about 2,000

patients. Patients’ monthly and midmonthly
blood tests are delivered to a central labora-
tory for processing. Test results are down-
loaded to the central hospital server daily.
From here, extractions are performed daily,
with export to the hospital medical records
and its billing system, which tracks the tests
obtained. From the hospital server, a nephrol-
ogy server extracts data and communicates
with a local server that hosts a Web-based da-
tabase. Output is then targeted to providers at
point of care. These include outputs to CKD

Figure 6. Screen capture of sample ESRD monthly capitation note. ESRD, end-stage renal disease.
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clinic at the HFHS, ESRD MCP note, and
others. Thus, providers can run queries on
their patient’s data, and this is done over a se-
cure environment (Fig 1). An illustrative MCP
note is presented in Figure 6 as a screen shot.

Organizational and Implementation
Challenges

One of the initial challenges was to identify
the need for such a system. However, once
the potential benefits to providers were pre-
sented, including the ease for billing through
such a system, there was consensus support
from administrative and medical sides of the
issue. The major implementation challenges
were to be able to ensure secure transmission
of data. This was enabled by using currently
available secure socket technology.

Status Report

The majority of the GHS and HFHS providers
now use the automated MCP note for their
documentation. This has resulted in signifi-
cant time savings for the providers who no
longer review reams of printed data from dif-
ferent sources and enter them in their notes.
This note covers the entire requirement for
billing purposes. In addition, the billing
team is able to capture documentation during
the revenue cycle to facilitate and ease billing
efficiency and improve organizational effi-
ciency.

Conclusions

It is important to implement automation,
templating, and clinical decision support judi-
ciously and consider consequent actions when
designing and implementing systems. Appro-
priate increases in the use of information
technology in health care, especially the intro-
duction of clinical decision support and better
linkages in and among systems has resulted in
process simplification with substantial im-
provement in efficiency, and patient safety.
As we have shown in this article, there is a tre-
mendous need and scope for implementing
CDS in nephrology, given the increasing
demands from patients and payers on the
providers.
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