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ABSTRACT
Hospitals continue to make large investments in electronic medical records (EM1 z U A O wEBdEdo U1 OUI
have a vast amount of patient data available at their fingertips. Mining this data to improve care and
patient safety takes considerable time. Attempts to close this time gap by engineering alerts that provide
computerized advice to clinicians have met with very limited success giving rise to the common problem
of alert fatigue. We present a new approach which closes the time gap to achieve patient safety using
Interventional Informatics. Interventional Informatics involves the remote detection of an imminently
hazardous clinical scenario coupled with an intervention by a clinically trained informaticist. In essence
this means placing an informaticist between the computer alert and the busy clinician. Our data show
that there is greater alert acceptance (83%) than is typically reported. For high-hazard medications, our
Interventional Informatics program has a strong return on investment (ROI) as prevention of less than
one adverse drug event (ADE) per month is enough to achieve profitability. We offer advice from our

lessons learned for those who wish to begin an Interventional Informatics program of their own.

INTRODUCTION
Technologies such as electronic medical records (EMR) and computerized physician order entry (CPOE)
are increasingly viewed as requirements for future participation in the healthcare marketplace. Hospitals
and health systems continue to make massive investments in these areas. It is not uncommon for a 500-
bed hospital to spend $150 million to deploy a clinical system. The on-going annual price tag for
maintenance of these systems was estimated in one study to be $17,616 per hospital bed.! The national
total spend on these technologies currently exceeds $30.5 billion annually. Former National Health
Information Technology Coordinator, Dr. David Brailer estimated that total spending on health

information technology systems would exceed $140 billion annually by the year 20142,

Those hospitals that have made the EMR investment have a wealth of patient data at their fingertips.
Unfortunately, mining this data to achieve return on investment (ROI), quality outcomes and patient
safety can take considerable time. Efforts at reducing this time gap have led to the engineering of alerts
and rules that provide computerized advice at the point of medical decision-making. These clinical

decision support (CDS) systems however often frustrate pressed caregivers by firing too often, needlessly



or at inappropriate times in the thought flow and workflow. As a result, we have seen infiltration of the
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discount, ignore, or circumvent alerts not honoring the computer-generated advice.? Often this happens

because the physician feels the alert is not clinically relevant or that the alert is shown too often. Too

many alerts consuming too much time taking too much mental energy results in a cognitive state where

both clinically important and unimportant alerts are ignored.* This is what we mean by the term alert

fatigue. Though in words alone these terms are hardly impressive, the data behind them is certainly

worthy of notice. In fact several studies show shocking statistics that likely represent the tip of the

iceberg: A recent review showed that drug safety alerts were overridden 49 ¥+ 96% of the time in CPOE

systems.* In another study, reviewers actually ET Ul 1 EwpPBDUT wOT 1 wx| aUDEmEeOz UWET ED U
alerts in 95.6% of cases.> What are the clinical consequences? Studies that linked override to adverse

drug events ( # $ xshbwed that in more than 97% of cases ignoring alerts did not resultin  # $ 2 Of

O T wEEUI U whlid bddulr iwtheé#s8tting) afian alert override, only 0.8% were deemed preventable.?

What does all of this mean? Alerts are overridden or ignored most of the time. Ignoring these alerts

though does not result in clinical harm. Thus it appears that these CDS systems miss the mark in
successfully driving patient safety. 3T DUwWET DOT wUOT 1 WEEUI OwUT I wEUUaAWEODODEDE (
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With time the hope would be that our ability to better engineer alerts would improve. Unfortunately,
there is evidence to suggest this may not be the case. One study showed that override rates increased
from about 50% to 75% over a five-year period?® - a declining compliance with safety alerts. The statistics
provide ample evidence that these decision support systems are currently not the answer. Indeed
frustrations with clinical alerts have led many organizations to completely turn off alerting systems. Or
worse, in even more publicized cases, substantial clinician frustration has led to a complete de-install of
the clinical system. How then can we speed up the analysis of clinical data to direct patient care in real-
time without excessively burdening or frustrating busy caregivers and without needlessly breaking the

bank?

FROM CDS TO INTERVENTIONAL INFORMATICS
Answering these questions is especially important in the prescribing and management of high-hazard
medications. High-hazard medications are those where management errors are most likely to result in an

ADE or an ADE of high severity. In the case of anticoagulants, electrolytes, insulin, narcotics and



sedatives, time to intervention is critical and harm can be extreme. " | EUUWEUEDUU WU O WET U1 UODPOI

is good work, and after extensive root cause analysis, can potentially lead to process improvements that
improve patient safety. However, this work does little to protect patients in real time. Building more
alerts into clinical information technology (IT) systems will only exacerbate the problems of alert override
and alert fatigue described earlier. A new solution is needed to leverage the EMR investment and close

the time gap between collecting the data, performing analytics and directly improving care and safety.

Our approach to solving this problem at Parkview Health has been to redirect alerts to an off-the-floor
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by a clinically trained (physician) Interventional Informaticist (Figure 1). When analysis reveals that
patient harm is imminent, the informaticist in the bunker works with the primary caregivers to institute a

clinically appropriate intervention and thus avoid harm. We have in effect placed an informaticist

between the computer-generated alert and the busy caregiver EOE wl UUI OUDPE OO aww?kfidWOUOUUET E

interruption. This means that alerts that do reach the caregivers and the flow of medical decision-making
are highly relevant and effective. Alert override and alert fatigue can be markedly reduced producing a

strong ROI. This process of generating a remote alert with triage, investigation and intervention by a

clinically trained ® O1 OUOEUDPEDPUUwPI wi EYT w0l UOI Ew? ( OUIT UYI OUPOOEOOw(

INTERVENTIONAL INFORMATICS AT PARKVIEW HEALTH
In the development of our Interventional Informatics program at Parkview Health, we discovered that
remote alerts could be simple printed reports. These reports were relatively easy for our IT group to
develop. They are run in batch at appropriate intervals varying from twice daily to hourly and identify
those patients where harm may be imminent. Although the reports contain many false positives, too
many to send to the hectic, interrupt-driven patient care floors; the Interventional Informaticist can
quickly triage and find the most likely-to-harm cases for investigation and intervention. As experience is
gained with each alert, the Interventional Informaticist can refine the report honing the clinical logic or
adding more data elements to improve the efficiency of the process. Thus an additional and unexpected
benefit of our work in Interventional Informatics was the discovery of clinical cues and rules-of-thumb
that are essential to forecasting patient harm. These insights can be rolled into decision support systems

in the future and woven into focused training materials for staff.

e
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new safety issues are found. These instant safety nets protect our patients while our quality

improvement teams investigate root causes and develop strategies to remove them.

Once alerts are printed remotely in the medication bunker, triage staff screen for likely-to-harm cases
requiring further investigation. Using additional data from the EMR (i.e., trends in laboratory values,
medications administered and procedures performed) cases for intervention are identified. The patient
care providers are contacted by the Interventional Informaticist via phone or in person to discuss an
appropriate change in the clinical treatment plan. In some cases, triage staff may carry out the

intervention.

INTERVENTIONAL INFORMATICS AND OTHER FORMS OF REMOTE MONITORING
Interventional Informatics is very different from other forms of remote monitoring and decision support
systems. A comparison of Interventional Informatics with some of the most common as well as emerging

forms of remote monitoring in the acute care setting is shown in Table 1.

For Interventional Informatics, simple batched alerts are augmented by off-floor human skills in
informatics and in clinical medicine to protect a large number of patients. Key elements of Interventional
Informatics include the ability to design and deploy very rapidly real time patient safety nets as well as
the use of a clinically trained informaticist to resolve ? OUUUOUUE | E» wE ¢ ibkkédtdptiondf Y1 OUD OI
medical decision-making by busy care givers. For more familiar models of remote monitoring, such as
in-house telemetry, continuous data is remotely analyzed for the presence or absence of harmful rhythm
or abnormal rate. Impending patient harm may or may not be present. The response model is a call to
the floor where the nurse (typically) must be interrupted to perform the triage and investigation for
clinical significance. For more emerging technologies such as CPOE with CDS and remote monitoring of
intensive care unit patients (elCU) there are also significant differences. CPOE with CDS applies rules
and alerts in the midst of the medical decision-making. This interrupts clinicians all too often needlessly.
There is no triage mechanism to screen unnecessary or clinically insignificant interruptions. Though the
intelligence for CDS and Interventional Informatics resides both in the computer and the clinician, with
CDS they are often at odds with each other as shown by the high override rate. This implies limited
perceived value in the suggested interventions based on the CDS alerts. With the increasing deployment

of eICU technologies, this model deserves comparison as well. In contrast to simple alerting with



Interventional Informatics, remote monitoring in the form of eICU strives to deliver maximum
information and sophisticated alerting logic to the remotely located clinicians to identify trends or states
that suggest existing or impending harm. No formal triage of alerts takes place. The impending risk to
the patient must be evaluated case-by-case after communication with the caregivers or the patients
themselves. New patient safety logic for eICU as well as the other models requires significant time to
code, test and deploy. Keeping up with advances in clinical practice and regulatory requirements
becomes more challenging. Understanding these high-level differences compared to other models, we

will now review a specific case study to better illustrate in detail how Interventional Informatics works.

INTERVENTIONAL INFORMATICS CASE STUDY
Investigation of a code blue called on a medical floor revealed that the patient had been started on an
angiotensin-converting enzyme inhibitor while also receiving supplemental potassium to counteract
hypokalemic effects of a loop diuretic. The patient was also receiving intravenous fluids containing
x OUEUUDPUOS ww Owll T wOUEUOwWOT wli 1 wEEaOwU# 5.lumgMI)and OUz Uwx O U
the creatinine was 2.4 mg/dL. Hyperkalemia was identified as the cause of the code and was

subsequently treated in the ICU.

To provide an instant safety net to prevent similar harm, we developed a simple report that identifies
patients who have a potassium level greater than or equal to the upper limit of normal (5.1 mg/dL) who
are receiving supplemental potassium either enterally or by intravenous route. The report is printed
twice daily and cases are investigated using the EMR. False positive alerts (prior intervention by primary
care-givers, hemolyzed specimen, heel-stick draw, previous tolerance of current serum potassium level)
are identified. For the remaining alerts, intervention is performed by contacting caregivers and
suggesting appropriate medication changes. For the month of October, 2007, alerts that were eventually
routed to the patient care floor had an acceptance rate of 83%, that is, 83% of the time the alerts resulted
in a modification of the order or care plan. The most common modification was to decrease or remove
supplemental potassium orders from the treatment regimen. Over time, enhancements to the alert report
were introduced that allowed more rapid triage and more focused investigation. These included adding
serum creatinine and age to the printed reports and identification of the potassium order potentially
requiring modification (Figure 2). With these enhancements, the efficiency as measured by the report
investigation-to-intervention ratio improved from 0.14 to 0.30. Since the deployment of our patient safety
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ECONOMICS OF INTERVENTIONAL INFORMATICS
Accurately demonstrating ROI for healthcare information technology (IT) projects has been a challenge
leading to debate in the literature, in the hallway and in the board room. Fortunately, you do not have

these debates when it comes to Interventional Informatics.

Start up costs for an Interventional Informatics program are minimal for the organization that already has
an EMR in place and staff with the capacity for ad hoc triage and intervention. The Parkview Health
model allowed us to leverage our registered nurses working 24x7x365 in our elCU (centralized intensive
care monitoring station) who had clinical training and the capacity to function as triage and investigation
staff. Training requirements were one hour for each triage staff. The time to develop and test each report

is estimated at four hours.

Assuming ROI simply as the difference between benefit of the program and the cost, we can then focus

on these individual elements. The benefit (Figure 3) generated from our Interventional Informatics

program can be calculated quite readily. Each intervention is a potential ADE intercepted. From the
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conservative based on our focus on a high hazard medication. Another key assumption is in estimating

the cost saving per ADE prevented. We have based our figures on the Bates et al. study’® widely cited in

the literature where each ADE prevented saves $4685 (1993 value) in direct costs. We have adjusted this

amount for inflation to arrive at $6536 in 2006 dollars, recognizing that this likely underestimates the true

amount as healthcare costs increase at a rate greater than inflation.

To calculate the annual benefit of the Interventional Informatics program, we then use the formula:
Monthly interventions *0.047 ADE prevented/intervention * $6536 per ADE * 12 months

Our ongoing cost (Figure 3) for the Interventional Informatics program assumes 365 day coverage with

alert reports batched twice daily. Time to triage and investigate cases has been measured at ten minutes

per case with an additional five minutes to review and intervene. Based on our data, we require 0.35 FTE

for triage and intervention at a cost of approximately $42,525 annually.
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point can be calculated as follows:
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Our data show that less than one ADE prevented per month is enough to be financially profitable.

APPLICATIONS OF INTERVENTIONAL INFORMATICS
Our case study showed how Interventional Informatics can prevent harm to patients in the use and
management of a high hazard medication. With this success we realized the potential for additional
applications of the model (Table 2). We have deployed safety nets for other high risk medications
including two related to anticoagulation therapy. The first scenario identifies patients who are receiving
duplicate therapeutic anticoagulant treatment with both low molecular weight heparin and warfarin.
The second was designed to identify duplicate therapy for patients who remain on heparin while also
having therapeutic anticoagulation with warfarin. We are considering expanding to introduce safety nets
to address the use of narcotics, especially safety issues around normeperidine toxicity in the setting of

meperidine and patient-controlled analgesia.

We also recognized an opportunity to deploy Interventional Informatics to protect patients from certain
operational delays that could result in significant patient harm. One example is a delay in the initiation of
prescribed medication therapy upon admission. The assumption was made that patients at highest risk
for harm in this case are those with highest acuity ¢ in particular, those admitted to any ICU bed and
those admitted to telemetry. A report is generated hourly that identifies these patients who have not had
their medication orders entered in the pharmacy system within one hour of admission. Another report is
printed hourly that identifies the same patient population who has not had a medication charted as

administered within two hours of admission.

At Parkview Health we are also deploying Interventional Informatics to improve public-reported quality
measures. For example, a report is printed once daily identifying new admits over the prior 24 hours
who are potential core measures candidates deficient in their pneumovax documentation or compliance.

In this case, once triage has occurred, intervention can be directed by protocol-driven care.



In the coming months, we plan significant expansion of our Interventional Informatics program. Our

current queue for development includes expanding our high hazard medication safety nets and

incorporating several of the 2008 National Patient Safety Goals. We are also evaluating an Interventional

Informatics approach for patients at risk for pressure ulcers, infections from indwelling urinary catheters
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also to investigate the feasibility of adapting this model to remotely assist care givers in generating

differential diagnoses for patients failing to progress as clinically expected given their treatment plan.

With the future of healthcare promising a continually and rapidly changing landscape, this highly

adaptable and rapidly deployable model will continue to flourish in providing crisp clinical and financial

value.

CAST YOUR OWN INSTANT PATIENT SAFETY NET
Implementing your own Interventional Informatics program is a great way to improve patient safety and

increase the return from your EMR investment. We offer the following advice based on our experience.

Engineer the alerting method to be as simple as possible. This promotes rapid deployment of new instant
safety nets which is a unique advantage of Interventional Informatics. For Parkview Hospital, the

alerting mechanism is a simple printed report run at appropriate intervals.

We also suggest a keen focus on the measurable end value created. Each new instant safety net cast
should create value in a clear and compelling manner. / Ul Y1 OUEEOI w #$z Uwi UOGswT BT T wl E

are a natural fit among several high value areas where Interventional Informatics can be applied.

One aspect worthy of special mention is governance. Failure with governance issues can easily
compromise an Interventional Informatics program. We suggest starting the program more informally
where there is a clear and indisputable need. During this early stage it is important to focus on good
relationships between the triage team, Interventional Informaticist and the medical staff. On this
foundation, proof of concept can be achieved. As the program expands, seek more formalized
governance when the need arises. It should define the decision rights, organizational structures and
processes required to run the program and avoid conflict, prioritize limited resources and enforce

guiding principles.



CONCLUSION
In this paper, we have introduced an innovative approach to achieving value from EMR data where
decision support investments have provided at best, mixed results. This approach called Interventional
Informatics is the remote detection of high risk scenarios coupled with an intervention by a clinically
trained (physician) Interventional Informaticist. Differentiating characteristics of this model include the
generated alerts, and intervention by a clinically trained informaticist. We have found Interventional
Informatics to be scalable and widely applicable to many aspects of hospital care. The Interventional
Informatics model assures that alerts reaching the clinicians are highly relevant and thus the reduce
frustration with irrelevant and poorly timed alerts that plague traditional decision support systems.
Interventional Informatics for high risk medications has an alert acceptance rate of 83%, much greater
than the 4-51% reported elsewhere. We plan further expansion to cover more high-hazard medications,
compliance with public-reported quality O1 EUUUT UOWEOE w? x Ul Ul OV wWOOWEEODPUUDOO
reimbursement at risk. For the organization wishing to implement their own Interventional Informatics
program, we offer advice to focus on high value scenarios and use simple reports to identify at-risk
populations. Lastly we suggest a focus on governance aspects of an Interventional Informatics program
beginning informally where there is a clear need and then formalizing governance once the program

expands and the need arises.
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Figure 1. Interventional Informatics Schematic Flow
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Figure 2. Hyperkalemia Alert Report
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Figure 3. Profitability of Interventional Informatics Program

BENEFIT CALCULATION

Projected Number of Interventions/month X

Rate of Potential Going to True ADE* 0.047

True ADE's Prevented/month (X*0.047)
Cost Avoided Per ADE** $6,536
Direct Cost Avoided Monthly (X*0.047) * $6536

Annualized Direct Cost Avoided ((X*0.047) * $6536) * 12

* Einbinder J and Scully K. Using a clinical data repository to estimate the frequency and costs of adverse drug
events. ] Am Med Inform Assoc. 2002 9(Nov-Dec suppl): S34-S38.

** Assumes $4685 in direct attributable cost per ADE in 1993 dollars adjusted to 2006 dollars using standard rates of
inflation. Bates DW, Spell N, Cullen DJ et al. The costs of adverse drug events in hospitalized patients. Adverse Drug
Events Prevention Study Group. JAMA 277:307-311.

OPERATING COST AT PARKVIEW
Total FTE's (ad hoc contributions) 0.35
Annualized Operating Cost $42,525

PROGRAM BREAK EVEN (Monthly Expense/Savings per ADE)

Annual Expense $42,525
Monthly Expense $3,544
Savings per ADE $6,536
ADEs/month Prevented

to Achieve Break Even 0.54




Table 1. Comparison of Interventional Informatics with Other Remote Monitoring and Decision Support
Models in Acute Care
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Table 2. Interventional Informatics Instant Safety Nets at Parkview Health

Instant Safety Nets Deployed
Report
Area Frequency Impact

High Risk Medications = Twice Daily Symptomatic Hyperkalemia

Initial medication orders not entered within one

Operational Delays Hourly hour of admission on high-acuity patients

Instant Safety Nets Under Development
Report
Area Frequency Impact

High Risk Medications = Twice Daily Normeperidine toxicity
Twice Daily Anticoagulant level monitoring
Daily Smoking cessation core measure compliance

High risk patients for catheter-associated
Daily urinary tract infections
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