Improving Perioperative Patient Safety
Through the Use of Information Technology

Paul J. St. Jacques, MD; Michael N. Minear

Abstract

The perioperative care process is a unique and challenging environment. Perioperative
clinicians are increasingly focused on how to improve patient safety. Proven software design
approaches and standards are available. If they are focused on the challenges in the
perioperative environment, they can be an important catalyst to transform surgical care.
Opportunities abound for informatics-based improvements in perioperative care. Additional
perioperative work groups and industry partnerships need to be created. Health care standards
should be reviewed to ensure full support of perioperative requirements. The complexities of
the perioperative environment make technology implementation challenging, and the unique
issues in this environment must be addressed when technology is deployed. There is a growing
focus on the importance of technology use within health care. Too often the vision and
priorities of national health care technology modernization efforts have not focused on the
unique requirements of perioperative care.

Perioperative Care: A Unique Environment

The perioperative arena is a unique environment that includes many challenging variables:
complex clinical care performed by teams; high cost, sophisticated technologies that often do not
interoperate; and a large array of supplies, instruments, and implants that are difficult to manage.
These variables create an environment of massive complexity and, unfortunately, are a source of
a significant percentage of patient safety-related adverse events. The types of errors that can
occur during the surgical process—patient misidentification, surgical site misidentification, and
medication errors and omissions—are all more likely to occur, given the combination of high
complexity and poor use of technology.

The information technology (IT) sophistication offered to the perioperative environment does not
match the requirements of clinicians, administrators, and even clerical staff. Surgical information
systems have not kept pace with the demands of the perioperative process and still generally only
provide basic functionality in the areas of patient/case scheduling, case planning and
management, staffing, OR suite management, nursing perioperative documentation, and charge
collection for hospital billing.

Little attention has been given to physician (surgeon or anesthesiologist) clinical documentation,
professional fee charging, surgical suite medication administration and documentation, or to
integrating the information and technologies available throughout the perioperative environment.



It is not a surprise then that IT adoption has been low, with only approximately 6 percent of
hospitals nationwide utilizing a comprehensive perioperative information management system.?

Compared to the environment of a primary care or specialty medical practice, patients in the
operating room (OR) environment are subject to infrequent but high-intensity visits. During the
perioperative process of care, clinicians from several different disciplines care for patients in a
simultaneous, real-time fashion. A single patient might be treated by five or more nurses, two or
more physicians, associated pharmacists, radiology technicians, and blood bank staff. Many
other types of support personnel also directly affect a surgical case and, therefore, the safety
outcomes. These include patient transporters, sterile supply staff, janitors, schedulers, and others.
With the exception of the attending surgeon, all other clinical and support perioperative staff do
not typically meet their patients until the time of surgery and have, at best, very limited
postoperative followup.

Other than a quick determination of the facts pertaining to a particular procedure, perioperative
clinicians and staff have little opportunity to become familiar with surgical patients. This lack of
familiarity with and knowledge about patients could predispose perioperative team members to
such errors as patient misidentification, miscommunication of the planned procedure, and
omission of allergies or antibiotics. These deficiencies are magnified at times of patient transfer
or handoff from one care team to another, which occurs at multiple points: from surgical clinics
to the preoperative preparation areas, to the OR, to the post-anesthesia care unit, to the intensive
care or other inpatient care unit, and ultimately to followup care in the surgical clinical or
primary care office.

Many items and issues need to be planned and coordinated for a surgical case to be successful.
Multiple clinicians and care teams must partner and not only share patient information, but they
also must integrate their work into a larger care process for the surgical patient. Many types of
equipment, instruments, medications, blood products, and supplies must be planned and prepared
to be at the same time and place, and typically, a different department or group manages each
item (e.g., central supply, sterile instrument processing, patient transport, pharmacies, blood
banks, surgical pathology, and other departments). The OR staff must also integrate their work
with many other departments, such as recovery units, surgical clinics, radiology, laboratory,
emergency department, critical care units, and others.

Similar to the “five rights” defined for medication management (right drug, right dose, right
route, right time, right patient), in perioperative care, an amazing number of tasks, data, and
technologies must come together correctly for patient safety and good clinical outcomes. Not
only must the five “rights” of medication administration be done correctly—since highly
sophisticated medications are administrated during and after surgical cases—but 15 additional
items also must be precisely managed (Table 1). These many items are the basis for the
complexity of a surgical case, and a failure or delay in any of them typically is the trigger for an
error that can cause harm to the patient.

Beyond these many issues, the inherent nature of surgical cases creates an often unpredictable
environment. Surgeries can take more or less time than planned, and emergent surgeries could
present during the course of a shift. This reality makes it very hard to plan and schedule cases



and can quickly destroy a surgical schedule. For example, if | Table 1. People, equipment,
a case early in the day runs late, it will delay the other cases | and technologies that must
scheduled for that surgical suite for the rest of the day. be “right” for perioperative
case safety and optimization
The dynamic nature of cases and the entire perioperative
support process add their own elements of complexity to 1. Patient
perioperative management and place extra demands on any 2. Time
software used to support surgical care. 3. Nurses
. L . . 4. Surgeons

Finally, the need to maintain a sterile environment has 5. Anesthesiologists
forced surgical departments to be physically secured and 6. Surgical support staff
closed off from the rest of the hospital or clinic. This 7' Instrument case carts
isolation makes patient handoffs and data sharing even ' . .

. 8. Surgical equipment
more difficult. :

9. Supplies

Perioperative Technology 10. Medication

] ) o 11. Medication dosing
The perioperative clinical process has been supported by a | 12 Mmedication route
narrowly defined niche design approach to software. 13. Surgical pathology
Software is required that offers a new vision and more 14. Medical gases
holistic design, provides integrated function and supports 15 OR suite
the inherent complexity of the perioperative environment, 16' OR suite cleaning
has a sophisticated deployment, and supports and integrates ' . . :

. . 17. OR suite configuration and
all relevant technologies. Such an undertaking would preparation
require an unprecedented depth of partnership for all 18, Patient data from electronic
parties involved in creating and supporting technology in " medical record
this area. 19. Clinical images
. . . 20. Surgical schedul

The technology requirements for the perioperative urgical schedure

environment must be supported from a holistic viewpoint. Each technology element must
integrate with the larger set of technologies used in the OR and throughout the perioperative
process, including all aspects of information technology and clinical equipment. To enable data
sharing, all perioperative data and knowledge bases must share common metadata. They also
must support all clinical and administrative data for perioperative care, from the initial
identification of a surgical case, through surgery, recovery, and ongoing outcome analysis.
Clinical vocabularies and other data descriptors must support the needs of all perioperative
issues. Databases supporting this process must be modernized to include all types of data,
images, text, knowledge, and equipment usage involved in the surgical case.

Workflow for clinicians must be made faster and easier, not slower and more complicated. Data
should be entered once with real-time decision support and shared ubiquitously as needed. This
must be enabled by high levels of surgical equipment and software application interoperability
throughout the perioperative process. Data interoperability would dramatically reduce data
redundancy and errors. All data generated by clinical equipment should flow into clinical
databases without manual re-entry, thus increasing clinical acceptance and accuracy of data by
reducing user workload and transcription errors.



An example of how perioperative requirements have not been fully addressed is the national
focus on the much heralded software created to support computerized physician order entry
(CPOE), which makes possible direct, online order entry of medications by physicians. CPOE
software is highly focused on the inpatient care unit environment. As soon as a physician creates
a clinical order, that order is sent directly to the pharmacy for pharmacist review; the drug order
is filled; and then a nurse administers the drug, guided by online medication administration
software. However, this CPOE paradigm does not come close to matching the needs of an
anesthesiologist in an OR suite who typically performs all three functions: ordering, filling, and
administration. Furthermore, typical CPOE software does not support the planning of and
preparation for an OR case in terms of medication inventories, after-case documentation, and
inventory replenishment.

Optimal software design must be able to support clinical tasks and simplify, rather than
complicate, the process of clinical documentation. Technology must be used to promote and
improve workflow and workplace ergonomics. It should not make tasks more difficult for
surgical teams and clinicians, as is the case when technologies do not fit into an optimized care
process design.

Need for a High Level of Technical Interoperability

Over time, two distinct types of health care technology have emerged in the perioperative
environment, each having its own areas of specialization in technology applications. Health care
information technology (HIT) refers to broadly functional software applications. By contrast,
clinical information technology (CIT) describes clinical equipment, clinical imaging, and some
types of instruments. These two types of technologies usually are created and supported by
different vendors, typically using different standards, and are often focused on different
outcomes. In many hospitals, it is common to find HIT and CIT utilizing different networks, or
at least subnets, that are secured from each other. Technologies within the HIT or CIT categories
often do not interoperate, or share relevant data; it is even more rare for technologies to
interoperate between these two categories. See the Appendix for a glossary of abbreviations and
key terms relevant to HIT.

Examples of HIT include software applications that support admitting, scheduling, clinical
documentation, pharmacy, laboratory, and other departments. HIT is typically deployed to meet
the needs of a broad process or a function. Interoperability has improved between software
modules of this type. Data interface standards, such as Health Level 7 (HL7) are used to share
patient level data. The growth of vendor-created integrated software suites has also improved the
interoperability of data between specific software modules.

CIT includes picture archive and communications systems (PACS) and various clinical imaging
technologies, robotic surgical systems, perfusion pumps, mechanical ventilators, infusion pumps,
anesthesia delivery systems, automated medication cabinets, and others. Any and all of these
technology resources might be critical in the performance of a single surgical procedure. CIT is
focused on specific clinical tasks and can be highly sophisticated. These technologies are often
regulated by the Food and Drug Administration (FDA) and, therefore, can be difficult and time-
consuming to change quickly or interoperate with other technologies. Standards include the



Digital Imaging and Communications in Medicine (DICOM) to exchange clinical images, and
the ANSI/ IEEE 1073 standard—the Medical Information Bus (MIB) that defines how to
connect critical care bedside medical devices and HIT software applications. Future products
need to break through this legacy of technologies and software that were designed as if they were
the only element of technology used during a case. They need to create new levels of partnership
to ensure that technology used in the perioperative environment fully interoperates with all other
relevant technologies.

Perioperative Informatics

The unique requirements of surgical specialties and the perioperative care process have been
dramatically undersupported in informatics research and field work. A critical foundation for
improving the way technology and information support perioperative clinicians would be an
improvement in perioperative focus in informatics, to help create the required focus and
knowledge set needed to support perioperative care.® Opportunities abound for informatics-based
improvements in perioperative care. Additional perioperative work groups and industry
partnerships need to be created. Various health care standards should be reviewed to ensure full
support of perioperative requirements. Table 2 summarizes some of the proposed perioperative
informatics focus areas and opportunities.

The reality of surgical case prioritization and timing must be supported by a real-time, current-
state schedule that changes dynamically and automatically as work load varies. Old time versions
of schedules (paper or grease boards) should be replaced by electronic schedule display boards
that can be viewed by all people in various roles. Examples of how surgery schedule access must
be supported include:

e Large screen “tracker boards” in key locations.

e Secure Web pages.

e Handheld PDAs.

e Wireless voice over IP network (VolP) communication devices.
e Pager units.

Only when a perioperative team truly converts to a single and shared digital surgery schedule
will modern software be able to fully support the perioperative process. If paper versions of the
schedule continue to be used (the paper schedule is always immediately out of date), or if
elements of the perioperative team use their own “off schedule” versions of planned cases, it is a
clear indication that either the software is not yet sophisticated enough to support clinicians’
needs, or the perioperative process is not yet fully converted to a digital shared format. Either
way, what support software can achieve is limited.



Safety is increased by
monitoring vital signs in the
OR. Similarly, safety can be
improved by monitoring the
flow of patients and
documentation through the
perioperative process.
Reporting and analysis can
be improved if they are
based on newly designed
longitudinal perioperative
databases. Current systems
need to be redesigned to
integrate data from multiple
sources. This increases
safety by eliminating
transcription errors and
duplication of effort.

It is critical to focus
reporting and analysis with a
process-based approach that
analyzes key process steps,
cycle time, backlogs,
rework, and errors. If
measures of quality,
productivity, service, cost
per unit of service, and
patient/clinician satisfaction
can be created along the
entire perioperative process,

Table 2.

Opportunities for informatics-based
perioperative improvements

Perioperative documentation templates.

Assessment and improvement of clinical vocabularies to optimally
support perioperative requirements (e.g., CPT, SNOMED, others).

Creation of cases in perioperative staff use of technology.

Creation of models to assess the effects of new technology designs
and standards on the perioperative process and patient outcomes.

Perioperative workflow design and optimization.

Software design and usability studies focused on perioperative
requirements.

Creation and maintenance of surgical knowledge bases.
Inference engine (knowledge base) deployment strategies.
Surgical case longitudinal database design.

Interoperability of clinical equipment and clinical software:
design, standards, testing.

Surgery command-and-control techniques and systems.
Perioperative data analysis.

Perioperative case registries and outcome studies.
Perioperative error analysis and trending.

Optimal training strategies: ensuring that perioperative staff are
optimally trained in the use of software and technology.

Meta-analysis of peer-reviewed literature on surgery and
perioperative use of technology.

Others.

historical mysteries about hard to solve problems can be illuminated and resolved. The goal is to
utilize software to support the optimal perioperative process, and once sophisticated workflow-
enabled software is deployed, to utilize real-time measurement to constantly track and improve
how work is defined, how process steps are staffed, and how resources are utilized. Ongoing
process course corrections or fine tuning should be encouraged and expected.

Newly discovered medical evidence can take years to become incorporated into general practice.
However, new practice guidelines or measurements—such as perioperative beta-blockade,
prophylactic antibiotic administration, and normothermia maintenance—can be incorporated into
the online knowledge deployed with perioperative software. Software must be designed to assist
clinicians in utilizing clinical guidelines and evidence-based “best practice.”



Expert systems and predictive alerting engines should be designed to assess data in real time for
potential unsafe or error conditions before patients are harmed. Expert systems could also be
used much more extensively to assess digital patient data and create evidence-based treatment
suggestions at relevant points in the perioperative care process. Knowledge-aware software
becomes a tool both to promote evidence-based practice and to report compliance with “best
practice” and new research findings.

A key question for the designers of future perioperative systems is: Should perioperative surgical
software applications be designed to be stand-alone (niche), or should they be designed to be part
of larger application suites? The primary advantage for the niche design is a more specific focus
on the needs of perioperative-based clinicians. However, these systems typically have not been
designed to interoperate with other applications that are used within the perioperative process, or
outside the process, to share relevant information. As clinical software uses more online clinical
knowledge and software tools (e.g., inference engines) to manage that knowledge, it will become
even harder to interoperate at the level required.

Larger clinical application suites often include perioperative applications, but these do not
provide the depth of function or the usability needed in the perioperative environment. Thus,
they have been poorly accepted to date. Given the inherent difficulty of achieving a high level of
software interoperability, well-designed integrated “suites” of clinical applications might provide
the best future foundation for delivering sophisticated clinical support function. However, they
ultimately must be able to deliver the level of function needed by clinicians and staff in the
perioperative care process that is so far available only from the niche applications.

RFID Technologies

To support the real-time surgery schedule and enable perioperative process-support software to
be “aware” of the many key elements of surgical cases, the use of radio frequency identification
(RFID) holds significant promise to bring dramatic improvements in sophistication to
perioperative software.

To make use of RFID and positioning technologies, a ubiquitous sensor environment or network
must be deployed throughout the perioperative environment. In the past, this involved
deployment of new and proprietary radio frequency sensors, but many products now support the
more traditional 802.11 wireless networks that are already in use in many hospitals and clinics.
With this system, important items that are “tagged” with RFID chips can be located and
identified by the radio frequency network; the precise location can be noted, and in some cases,
the movement (e.g., an object going into or leaving a surgical suite) can be recorded.

The RFID tags or chips can be “passive” with no power needed by the chip and provide simple
identification. They also can be “active”—that is, driven by a power source and able to interact
with the network to infer events, task completion, or relevant movement. Data about tag
locations and movement are written in real time into a database, and unique visualization
software is used to transform highly specific location data into a map or image that personnel can
use to track key events or issues. For example, once the architectural layout of the surgical
department is scanned into the visualization software, after a one-time special setup



programming, the location of relevant tag-provided data becomes visible on a computer
rendering of the department.

The possibilities of using RFID tags in the perioperative process are many and varied. For
example, they would permit:

e Visualization of the exact location of a piece of surgical equipment or a case cart.
e Automation of time fields of patient entry into or exit from the OR.
e Notation of which clinicians are present in an OR suite during a surgical case.

RFID chips are not all the same; some are less sophisticated and provide only a rough location of
a tagged object (e.g., accurate to within 15 feet). This low level and low cost degree of location
precision is fine for some items, such as the location of a piece of equipment. However, more
precision would be needed for certain other functions, such as surgical instrument management,
a critical and very difficult task. Electronic tagging through barcoding or RFID tagging and
tracking technologies could be designed to individually identify surgical instruments, which can
then be tracked from operation to operation, making sure all the correct instruments are in the
correct place at the correct time. Proper instrument quality assurance procedures could also be
enabled through tracking the history of each surgical instrument. Items that need repair or are at
the end of their useful life would be electronically flagged and could be taken out of circulation
prior to delivery to an OR.

The promise of more sophisticated function using RFID networks and chips is called “co-
location.” This capability depends on higher functioning, and higher cost, RFID chips that have
the ability to note a much more exact geographic calculation of location to within 12 to 18
inches. Once a more precise location of two items can be calculated—for example, the RFID tag
on a patient and a tag on a perfusion machine used on that patient during surgery—the two
tagged items can be “co-located” and recorded in a database. In this scenario, if a patient and
perfusion machine were within 3 feet of each other for more than 15 minutes, a software
application would note the event and enter the serial number of that perfusion machine into the
patient’s surgical case history. Should there ever be a recall or problem with that specific piece
of surgical equipment, all patients on whom it was used could be quickly located in the database
for any necessary followup.

In a similar manner, blood safety could be improved by tagging blood products, and “co-
location” technology could be used to assess whether the blood product (e.g., blood type A+)
matches the blood type of a patient (as recorded in the electronic medical record) who is located
within a predefined distance of that blood product. If the blood product does not match the
patient’s blood type, an alarm sounds. These are just a few of the possibilities of how tagging
and “co-location” could be utilized to greatly enhance efficiency and patient safety.

Implementation

Adoption of HIT in the perioperative process has often been slow, expensive, and difficult.
Integrating even well-designed and workflow-enabled software into the perioperative workflow
is not easy. Clinicians have little tolerance for systems that do not work as claimed, even when
the systems are clearly an improvement over the former noncomputerized versions. Because they
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are reluctant to change current work patterns, the value of new software and process changes
must be clearly demonstrated and delivered to gain clinician acceptance. Workflow for clinicians
must be made easier and faster, not more complicated and slower. It helps when key clinical and
administrative leadership within the perioperative process champion the perioperative system.
Second only to patient safety, the bottom line for clinicians is what the software can do to deliver
improvements that would justify investments in new software and technologies—for example,
streamlining workflow, increasing efficiency, supporting more cases, increasing revenue, and
improving time management.

As in the successful adoption of any technology, especially in a clinical environment, providing
resources for the training of all affected clinicians is critical. Successful training in the
perioperative environment is especially challenging, since hours available for training for
surgeons, anesthesiologists, nurses, and OR support staff are typically limited and costly. It is a
challenge to provide technology training without negatively affecting the surgery schedule.

A larger OR suite might require several iterations of the same training session due to the large
number and variety of shifts. To help with the training time burden, new systems must also be
designed to be intuitive to those using the system so training can be minimized. Web-based
training materials can provide a significant value, since they can be accessed by staff at home or
at other locations.

An important design approach is to deliver training in smaller content increments that support
interruptions while training materials are learned. Furthermore, smaller content increments can be
revisited for “just-in-time” rereading when needed. Additional reference materials, designed for
adults who might not be experts in clinical software usage, should be offered to perioperative staff.

The most important time to support perioperative staff is when new software is deployed. A large
number of extra clinical, technology support, and vendor staff should be available to help if any
problems or questions arise during implementation. This period during which extra support is
required could last for weeks or months after new software is deployed, and the cost of providing
this critical higher level of support is not trivial.

Implementation does not end with the installation of the hardware and software. A significant
part of the original technology investment must be allocated each year to support ongoing
software and technology needs. It is common for clinical software to have one or two major new
versions released each year. These new versions should be approached as smaller scale
deployments, not as consuming as the original software deployment, but not trivial either, and
resources must be allocated. It is important for the software used in the perioperative
environment to be kept as current as possible. It is not advisable to fall too far behind the current
software release, as bugs and other problems with the current version will not be fixed, and new
functions will not be available if the software is not kept current.

Installing computer workstations in the perioperative environment also is not a trivial task. Due to
the space limitations of most OR suites, system designers need to be creative about using mounting
hardware that provides access to the computer workstation when it is in use and also takes minimal
space when the workstation is not in use. Like all equipment in the perioperative environment,



such equipment has special requirements, such as the need for thorough cleaning and electrical
safety. New microcomputers and communication devices are now available with cases made from
materials with embedded antimicrobial agents that provide protection against a broad spectrum of
bacteria, mold, and fungi. Technology products should be at least semi-waterproof and have the
ability to be wiped clean for disinfection. Examples include the VVocera® wireless communications
badge with embedded BioCote® silver-based antimicrobial agent (Vocera Communications, Inc.,
San Jose, CA), and the Motion C5 tablet computer from Motion Computing, which can be washed
using many chemical disinfectants (Motion Computing, Inc., Austin, TX).

As with all patient care environments, ethical and legal issues demand that privacy rights be
respected. Thus, the placement of computer hardware in publicly accessible areas must be
limited to systems for which access can be controlled or which display data only in a format that
is consistent with privacy rules, such HIPAA regulations. Special care should be taken to locate
all computer/equipment view screens in a way to prevent patient-identified information from
being accessed by nonauthorized people. This includes the installation of large computer
monitors used to support patient tracking information—tracker boards—similar to those in
airports that display flight information. Tracker boards can still be utilized and can be very
valuable, but data on them should be displayed to support privacy standards. For example, the
software can be made to display the patient’s initials instead of their full name.

Focus on Technology Use in Health Care: Inclusion of
Perioperative Requirements

Government agencies, health care systems, and professional organizations have now realized the
importance of creating sophisticated HIT systems. Incentives are being planned in terms of
reimbursement increases and other incentives for implementing HIT systems.* The Office of the
National Coordinator for Health Information Technology (ONCHIT) was created on executive
order of President George W. Bush. The national coordinator of Health IT, who reports to the
Secretary of Health and Human Services (HHS), has focused on implementing the president’s
vision for widespread adoption of interoperable electronic health records (EHRs) within 10
years. Toward this goal, major efforts have been undertaken to support patient data sharing,
improve health care IT standards, and foster improvements in health care software to meet
clinicians’ needs.

Significant resources are now being allocated for the development of sophisticated regional and
national capabilities to share clinical information at the community level. In October 2005, HHS
awarded three contracts totaling $17.5 million to public-private groups that will accelerate the
adoption of HIT and the secure portability of health information across the United States.> HHS
and ONCHIT have also supported the relatively new Certification Commission for Healthcare
Information Technology (CCHIT) with a $7.5 million contract awarded in October 2005. It is
critical that the data and clinical requirements of the perioperative care process be included in
this vision and in the infrastructure that is now being created.

CCHIT has taken an approach similar to the Underwriters Laboratories (UL), where products are
put through rigorous testing and have to prove they function and that they comply with relevant
standards. CCHIT has created standards for ambulatory and inpatient EHRs and is now working
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on standards for networks that share clinical data. For the first time, health care software vendors
must actually prove they comply with industry standards and deliver specific items in the areas
of function, interoperability, and security. Many vendors have now put their products through the
CCHIT testing process and have earned the right to use the CCHIT symbol on their products,
verifying that the products deliver mandated levels of function.

CCHIT is now beginning to focus on more specific areas of IT health care support, including
child health, cardiovascular medicine, and the emergency department. The effort to create
standards and testing scripts for more specialized areas starts with the creation of an expert panel
and formulation of goals and standards. Given the unique issues facing perioperative and surgical
medicine, an important step would be to create a CCHIT work group in this area.

Conclusion

The challenges in perioperative and surgical care are daunting. While many approaches and
technologies hold great promise for perioperative care, incremental change and use of new
technologies will not be enough. To fulfill the promise of new informatics and technology
approaches, a dramatic change is needed in how technology is designed, deployed, and supported
within the perioperative environment.

Technology that is designed expressly for and adequately tailored to the demands of the
perioperative care process and requirements will result in optimal clinical adoption and
outcomes. Through the design and implementation of such systems, the perioperative process
can help maximize improvements to safety, patient and clinician satisfaction, and ultimately the
success of this highly complex and financially important area of clinical care.

Author Affiliations

Perioperative Informatics at the VVanderbilt University Medical Center (Dr. St. Jacques);
University of California, Davis Health System and The Johns Hopkins Bloomberg Graduate
School of Public Health (Mr. Minear).

Address correspondence to: Paul St. Jacques, MD, Department of Anesthesiology, Vanderbilt
University School of Medicine, 1215 21% Avenue South, 3108 Medical Center East, Nashville,
TN 37232; telephone: 615-343-9419; fax: 530-706-6583; e-mail paul.st.jacques@vanderbilt.edu.

11


mailto:paul.st.jacques@vanderbilt.edu

References

1. Leape LL, Brennan TA, Laird N, et al. The nature of

adverse events in hospitalized patients. Results of the
Harvard Medical Practice Study Il. N Engl J Med 1991,
324: 377-384.

Britt R. Hospitals and doctors lag behind information
age. LiveScience 15 March 2005. Available at:
www.livescience.com/health/050315_medical_info.ht
ml. Accessed March 29, 2008.

McDonald GO, Monosky AD, Montali MA. Surgical
informatics is a useful management tool. Am J Surg
1997;174: 291-293.

12

4. Hackbarth G, Milgate K. Using quality incentives to

drive physician adoption of health information
technology. Health Aff (Millwood) 2005; 24: 1147-1149.

HHS awards contracts to advance nationwide interoperable
health information technology. Strategic partnerships
with public-private groups will spur health IT efforts.
[press release]. Washington, DC: U.S. Department of
Health & Human Services; 2005 Oct 6. Available at:
www.hhs.gov/news/press /2005pres/20051006a.html.
Accessed March 29, 2008.


http://www.livescience.com/health/050315_medical_info.html
http://www.livescience.com/health/050315_medical_info.html
http://www.hhs.gov/news/press/2005pres/20051006a.html

Appendix:

Abbreviations and key terms

Acronym Description

IT Information technology

CPOE Computerized physician order entry

CIT Clinical information technology

HIT Health care information technology

DICOM Digital imaging and communications in medicine; the standard for distributing and
viewing any kind of medical images

PACS Picture archive and communications system; technology to store and view clinical images

HL7 Health Level 7; the standard for electronic interchange of clinical, financial, and
administrative information among health care-oriented computer systems

MIB Medical information bus; the standard to connect critical care equipment at the beside to
health information technology software applications

CPT Current procedural terminology; defines and describes medical, surgical, and diagnostic
services and is supported by the American Medical Association (AMA)
Systematized nomenclature of medicine-clinical terms; a systematically organized

@ computer processable collection of medical terminology that defines most areas of

SNOMED CT
clinical information, including diseases, findings, procedures, microorganisms, and
pharmaceuticals

PDA Personal digital assistant

VolP Voice over internet protocol; technologies to make voice calls over a broadband internet
connection

RFID Radio frequency identification
Standards for wireless local area networks developed by the Institute of Electrical and

802.11 Electronics Engineers (IEEE). The 802.11 standard has many different protocols,
including “a,” “b,” “g,” and “n,” each with different speeds and attributes

ANSI American National Standards Institute

CCHIT Certification Commission on Health Information Technology

HER Electronic health record

ONCHIT Officer of the National Coordinator for Health Information Technology

HHS Department of Health and Human Services
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