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I. Executive Summary

Intensive care units in general and Children’s PICU in particular are highly complex medical environments in which vast quantities of data are generated daily and used by multiple caretakers to make important decisions with critical implications for patient well-being and survival.  In addition to its complexity, the care rendered generates a very significant fraction off health care expenditures.

Although the equipment in the PICU is state-of-the-art the medical record system is fairly primitive.  Patient information is kept in multiple charts.  Documentation is repetitive and inefficient.  Obtaining prior data requires searching through multiple databases or paging through large charts.   Data are frequently missing.   Multiple users often compete for use of the paper record.

The hospital’s information system is composed of multiple systems which are now linked fairly effectively through an integration engine which should facilitate instillation of any of the currently considered ICU EMRs being considered.  Currently available systems evaluated here include Eclipsys (EMTEK), Agilent CareVue, and Clinicomp.  All provide excellent data gathering capabilities that are very similar.  Systems are newly attempting to provide richer decision support and data analysis capabilities, but these are not yet well defined.

While conversion of the paper record to an equivalent electronic chart would have significant advantages for keeping the record intact and making it available to multiple users simultaneously, it is unlikely to save significant work time, and may not justify its cost.  However, the rapidly progressing decision support and analysis features promise the potential to  reduce errors, minimize redundancy, streamline costs, and improve outcome.

We recommend that the hospital examine these higher functionalities of the same three vendors and delay a decision until these features can be evaluated fully.

II.  Background
A. Overview of the problem: ICU data management.
The patient record is a critical part of modern medical care.  However, as hospital care becomes more and more complex, the paper record becomes more and more inadequate to the task for which it is intended.  It rarely consolidates important patient data in a format that permits good communication between the complex network of providers involved in order to support good and efficient decision-making.  

Most ICU patients have rapidly changing disease, often on a background of complex chronic disorders, with life-threatening dysfunction of one or more vital organ systems. In these patients management is extremely complex and typically involves input from multiple physician specialists and subspecialists, nurses, respiratory therapists, pharmacists, and multiple other health professionals.  Diagnosis typically involves extensive laboratory testing as well as radiologic procedures.  Treatment commonly requires multiple pharmaceutical agents as well as extensive mechanical organ system support, with frequent reassessment of patients and titration of care in response to new information and physiologic instability. 

In order to provide optimal care in this setting it is essential for caretakers to become aware of new laboratory results promptly, as well as to recognize developing trends, adjust support (e.g. drugs, mechanical ventilation) according to these trends as well as the physiologic information, be aware of the impact of the interaction between organ system function and drug metabolism, and recognize physiologic trends before catastrophic events occur. The information requirements of different caretakers are extremely varied.  It is extremely time-consuming to sift through the enormous amount of complex data, and very easy to miss important information and make errors in treatment.  Although most equipment includes alarms that alert caretakers to dangerous physiologic changes or mechanical malfunction, there are no comparable alerts to missed treatments or decisions incompatible with previous experience.  This kind of support is extremely costly because of the extreme labor intensity of the work as well as the goods consumed; very few of the caretakers are aware of the costs associated with their decisions.   

Even ICUs that have computerized medical records lack a totally integrated medical record that supports the sort of functions summarized above.  Although a number of studies have shown benefit from an EMR in an ICU in terms of information access, patient outcome, and cost of care, most of these results have emerged from institution-specific, home-grown systems.   The proprietary systems are just beginning to recognize their potential. While some studies have shown decreased nursing time spent charting, the time has not consistently translated to more time with patients or decreased FTEs required.

B. Institution
Childrens Hospital is a 235-bed, private, independent, academic hospital affiliated with the University. The Pediatric Intensive Care Unit (PICU) complex is a 51-bed area of the hospital devoted to the care of critically ill and injured infants and children ranging in age from premature newborns to young adults.  It is both a tertiary and quaternary referral center, and serves as the only full-service intensive care unit for children in the region.  It includes a 23-bed PICU, 8-bed intermediate ICU, and 20-bed Neonatal ICU (NICU).   In sum, these beds represent over 20% of the total number of hospital beds. Patients are admitted to the ICUs from routine patient units, operating rooms, emergency department, and other hospitals via air or ground transport.  Approximately 2000 patients a year are admitted to the PICU and IICU; average length of stay in the PICU is about 6 days; and total patient-days is approximately 12,000.   The average patient undergoes 10-25 laboratory tests per day, receives 5-15 different drugs, and 1-5 radiologic procedures.

III. Current Situation

A.  Current PICU data management
Every patients PICU data alone is kept in three charts and a separate radiology folder.   The main patient chart contains physician and other professional progress notes, not including nurses notes.  It also contains special reports such as anesthesia records and final laboratory results.  The number of pages generated often requires that the chart be pared down, with older information removed to make room for new, and placed in temporary storage files kept in the PICU until the patient leaves.  In addition to the main chart there is the bedside chart, which contains the current and past several days flowsheets, physician orders, and medication administration records.   The nurse also maintains a kardex which lists current standing treatments, medications, recurring testing, etc.  Another chart is maintained with the ventilator by the respiratory therapists.  Good decision-making requires integration of material from all of the charts, but there is frequently competition between caretakers for access to the charts, and portions are frequently missing.  Old records containing important past medical history are often delayed in reaching the ICU for hours or days.

Every bedspace includes a recently purchased, state-of the art Hewlett-Packard multichannel physiologic monitor.  Additional monitoring devices may be added for patients with specific needs.  Most patients require mechanical ventilation to support breathing for some portion of their stay, and many will be on other mechanical devices.  Each one generates information important for patient support.  Although nearly all of these devices can provide analog output, at present nurses maintain bedside flowsheets, entering on an hourly basis, the physiologic data captured by the devices continuously, as well as many other bits of information.  Respiratory therapists check ventilators and enter that information on still another sheet, kept in a separate patient chart.  

Physicians order laboratory tests and x-rays, among countless other tests, which are transcribed by clerks, and called to the relevant department.  Results of some, but not all, are available on a computer at a separate location in the ICU.   STAT test results are returned to the ICU via an onsite computer printer; these results are hand carried by the clerk to the bed-space where the nurse, again, transcribes the results onto the daily flowsheet.  Still later the final report is delivered to the chart, usually long after it is clinically relevant.   Physicians also prescribe drugs and other treatments.  Nurses review them and a clerk faxes them to the pharmacy.  Questions regarding dose, interval, or choice of agent are called back to the nurse who frequently refers the 

B.   Childrens Hospital information systems
The overall hospital information system is a conglomeration of many individual systems which are poorly integrated at present.  However, the recent addition of an integration engine, Datagate, has simplified the interaction between disparate parts f the system and should facilitate addition of an ICU  clinical database management system which communicates with these systems.

pharmacist to the physician or makes numerous calls herself.
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IV.  Desired Outcomes

A.  PICU data management requirements
· Integrate/Consolidate multiple paper charts and computerized databases

· Demographic data  (ADT information)

· Integration with billing services

· Physiologic monitoring results

· Organ system support employed (mechanical ventilator settings, renal replacement therapies, vasoactive drugs, ECMO, etc)

· Laboratory, radiology, pathology testing results

· Pharmacy support (drug dosages, interactions, allergies, etc)

· Medical narrative: progress notes

Formatted v. free text (speech recognition)

Searchable text

· Kardex function: Reminders, alerts, prompts, etc

· Integration with care paths

· Outcomes data for JCAHO, other regulatory bodies

· Capability to display variety of flowsheets, reports, charts, summary screens for specific organ system functions

· Adaptable to pediatrics

· Compatibility with future routine patient care unit CPR

IV. Vendor Information

A. Vendor Overview

Eclipsys Corporation

Eclipsys corporation is a Delray Beach, FL based company providing integrated healthcare information technology software and service solutionsto over 1,400 integrated delivery networks, medical centers, hospitals and clinics in the U.S. and 10 other countries around the world.  The company’s Sunrise Product line is a web-enabled suite of rules-oriented applications that provide actionable information at the point of decision, supporting decision making that enables customers to balance and improve mission-critical clinical, financial and satisfaction outcomes.  Eclipsys also provides a wide range of information-management and business process re-engineering services.  (Eclipsys site information)

Web site: (www.eclipsys.com)

CLINICOMP, INTL.   
Clinicomp International Clinical Information System (CIS) provides physicians, clinicians, and healthcare executives with the necessary information to make critical decisions about the patient and the enterprise.  It has provides services for over 15 years, Clinicomp’s CIS has recorded more than 10 million patient days throughout the world.

Clinicomp’s subsidiary Clinteligent, as Application Service Provider, provides a full spectrum of enterprise-wide CIS capability via the web or private networks.  They utilize CIS to both legacy and software systems.  A full spectrum of applications are available as a complete enterprise-wide solution or as modules that can be integrated with existing systems.  From Point-of-Care Clinical Patient Charting to Outcome Measurement, Clinteligent claims to provide the “best of breed” electronic solutions.  (Clinicomp site information)

Web site: (www.clinteligent.com)

AGILENT TECHNOLOGIES

Agilent Technologies, Inc. is a diversified technology company, resulting form the Hewlett-Packard Company’s plan to strategically realign itself into two fully independent companies. The company serves markets that include communications, electronics, life sciences and healthcare.  Agilent’s Healthcare Solutions Group is a worldwide leader n clinical measurement and diagnostic solutions for the healthcare industry.  The grip has 4,800 employees and had revenues of more than $1.5 billion in its 1999 fiscal year.

Agilent hods leading market share worldwide in patient monitoring, cardiovascular ultrasound imaging and for critical-care information management systems.  (Agilent site information)

Web site: (www.agilent.com)

B. Marketed Benefits of an Integrated System

· Automates multidisciplinary documentation at the point of care

· Establishes a “paperless record”

· Provides real-time access to data and decision support

· Minimizes duplicate data entry or the potential for handwriting errors

· Alerts users at the point of care of possible mistakes or errors

· Allows users to generate a complete audit trail

· Interfaces to bedside instruments and monitors

· Integrates existing enterprise legacy systems

· Improves the continuity of care with patient care  plans or clinical pathways

· Supports rapid information retrieval

· Supports clinical decision making

C.  VENDOR ANALYSIS

CLINICAL FEATURES
ECLIPSYS
 CLINICOMP
AGILENT






FLOW SHEET MODULE




Vital Signs flow sheet
Y
Y
Y

Treatment flow sheet
Y
Y
Y

Neuro flow sheet
Y
Y
Y

24 hr. staff notes
Y
Y
Y

Care plan
Y
Y
Y

Strip Records
Y
Y
Y

PRISM scoring card
?
?
?

REPORTS




ADT
Y
Y
Y

Registration & Census
Y
Y
Y

IV drips
Y
N
N/A

I & O
Y
Y
Y

Respiratory therapy
Y
Y
Y

Notes
Y
Y
Y

Assessments
Y
Y
Y

Patient history form
Y
Y
Y

Electrolyte & Nutritional calculations
Y
N
N/A

CLINICAL FEATURES




Laboratory results
Y
Y
Y

Microbiology
Y
N
Y

Graphics 
Y
Y
Y

Census reports
Y
Y
Y

Importing Images (Radiology, Pathology)
Y
?
?

DECISION SUPPORT




Medical administrative record
Y
Y
Y

Case management module for plan of care
Y
Y
Y

Kardex
Y
Y
Y

Task list
Y
N
Y

WEB UTILIZATION
*Y
*Y
Y






*Provided through strategic partnerships




GRADING SCALE
1=BAD
2=POOR
3=FAIR
4=GOOD
5=EXCLNT

Technical Analysis
Eclipsys
Clinicomp
Agilent

Hardware
4
4
5

Software
4
4
N/A

Telecommunications/Network Requirements
5
4
5

Performance
5
3
3

Back-up and Recovery
4
4
4

Technical Support
5
3
5

Interface Requirements
4
4
4

Connectivity to Legacy Systems
5
N/A
N/A






Total Score
4.5
3.71
4.33

Implementation Analysis
Eclipsys
Clinicomp
Agilent

Installation Time
4
4
N/A

Training
5
4
N/A

Total Score
4.5
4
N/A

Combined Results
4.5
3.86
Incomplete

Cost Analysis





Eclipsys
$1,499,000+

Clinicomp
$989,750 +

Agilent
$1,238,497 (Agilent) + $6000/mo hardware and software support 

D.  GAP ASSESMENT

· Benchmarking

· Outcomes Comparison

· Trend Analysis

· Speech Recognition

· Security (lacking information about the adequacy of current features) 

· Free Text Retrieval

· Primitive Decision Support Capability

· Image Capability

· User Acceptance
VI.  Recommendations

An expanding body of literature supports the value of an electronic patient record (EPR) in the ICU, and  there is growing experience in PICUs.  Most of the experience to date has demonstrated the capability of the existing commercial systems to collect data, but putting this data in the hands of the decision-makers, namely physicians, lags behind.  Existing data, though scant, indicate that the value of these systems will not be in saving bedside FTEs, but rather in improving care through error reduction, compliance with care pathways, avoidance of redundancies, and awareness of costs.   Our review suggests that the vendors chosen are all successful in providing an electronic equivalent of the paper record.  This has the advantage of improving access to patient data, both by decreasing the amount of lost information and by allowing multiple users simultaneous access to the same information simultaneously.  Eclipsys has better trending capabilities. 


However, the current analysis indicates that the full potential of an integrated electronic medical record has only recently been approached.  At present, the systems we analyzed are just developing their decision-support and data analysis capabilities.  All are making use of complex strategic partnerships to enhance their basic product capabilities.  This integration is an important step in advancing these systems, but means that the analysis of the vendor is significantly more complicated.  Our analysis indicates that at this date Eclipsys is the leader in its ability to show trends of data (without being specifically set up to track a particular aspect of care), its decision support and knowledge-based order entry.  It is also apparently leading in the area of querying the patient data.  However, data on the other specific vendors is limited, and all are currently changing their products rapidly to meet these needs.


The existence of a very large Eclipsys installation at the neighboring adult institution would provide a local source of experience users and some technical expertise as well as incentive for the company to provide excellent support.  CareVue is also installed within the community although not in affiliated institutions; however, the recent purchase of HP monitors has engendered good will and excellent working relationships with the “parent” vendor.  Clinicomp has no local installations and very little penetration into the pediatric market.

We recommend that the hospital not make a decision at this time.  Instead it should put out a request for proposals that focuses on the decision support and data analysis capabilities of the electronic medical record, and make a decision driven by this information.

VII.  Appendix

Wall Street Journal 

Monday, April 6, 1992

“PUTTING IT ON PAPER”

How much money would be save if medical facilities go paperless?  Consider:

Percent of patients’ visits during which a doctor can’t get access to the patient’s medical record


30%

Percent  of hospital patients’ paper records that are incomplete
70%

Percent of laboratory tests that have to be reordered because the results aren’t in patients’ records
11%



Percent of physicians’ time spent writing up patients’ charts
38%

Percent of nurses’ time spent writing up patients’ charts
50%

Weight of the average paper medical record (in lbs.)
1.5

Percentage of time a patient’s age isn’t included in a medical record
10%

Percent of time a diagnosis isn’t recorded in a patient’s record
40%

Number of paper medical records that a quality-assurance staff can review per hour
3

Number of automated medical records that a quality-assurance staff can review per hour 
400

Percent of time that doctors, while taking a medical history, fail to note in the record the patients chief compliant
27%

Number of people at a hospital who need access to a patient’s medical record at a given time
22

Percent of total u.s. hospital expenditures spent on alcohol related illness
20%

Percent of time a diagnosis of alcohol abuse is missing from a patients’ medical record
90%



Source: Wall Street Journal - Monday, April 6, 1992 
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