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Abstract
Background: Health information technology (HIT) may improve health care quality and
outcomes, in part by making information available in a timelier manner. However, there are few
studies documenting the changes in timely availability of data with the use of a sophisticated
electronic medical record (EMR), nor a description of how the timely availability of data might differ
with different types of EMRs. We hypothesized that timely availability of data would improve with
use of increasingly sophisticated forms of HIT.
Methods: We used an historical observation design (2004–2006) using electronic data from office
visits in an integrated delivery system with three types of HIT: Basic, Intermediate, and Advanced.
We calculated the monthly percentage of visits using the various types of HIT for entry of visit
diagnoses into the delivery system's electronic database, and the time between the visit and the
availability of the visit diagnoses in the database.
Results: In January 2004, when only Basic HIT was available, 10% of office visits had diagnoses
entered on the same day as the visit and 90% within a week; 85% of office visits used paper forms
for recording visit diagnoses, 16% used Basic at that time. By December 2006, 95% of all office visits
had diagnoses available on the same day as the visit, when 98% of office visits used some form of
HIT for entry of visit diagnoses (Advanced HIT for 67% of visits).
Conclusion: Use of HIT systems is associated with dramatic increases in the timely availability of
diagnostic information, though the effects may vary by sophistication of HIT system. Timely clinical
data are critical for real-time population surveillance, and valuable for routine clinical care.

Background
Health information technology (HIT) systems have the
potential to improve health care quality and outcomes, in

part by making important clinical data quickly available.
[1-4] Timely information is critical at both the population
and the individual patient levels. For instance, population
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surveillance for and monitoring of infectious disease outbreaks requires real time clinical information. [5-11] Similarly, coordination during natural disasters also benefits
from timely exchange of clinical data, as seen during Hurricane Katrina in 2005.[12,13]
Newer electronic medical records (EMR) systems include
many of the key capabilities for EMRs described by the
Institute of Medicine in 2004,[14] such as electronic
charting, computerized physician order entry, and clinical
decision support. A study in Boston in 2001 demonstrated the accurate identification of lower respiratory
tract infections with a comprehensive EMR, but did not
explore the time to data availability associated with the
EMR[15] and to our knowledge there are no studies demonstrating this relationship.
HIT also has potential for improving the care of individual
patients, including improving communication between
providers and allowing quicker access to information at
the point of care by providing clinical documentation in a
timely manner. [16-18] Prior studies have shown that
data are often missing during clinical encounters within
settings that predominantly rely on paper-based systems,
and that the missing data may lead to adverse outcomes.[19,20] It is likely that one reason for missing data
is delayed transfer of clinical information in a paper-based
system; for instance, delays in documentation from a subspecialty visit arriving in the patient's record in the primary care office. While there are multiple descriptions of
individual features of comprehensive EMRs,[21,22] the
effect of EMRs on practitioner use of time [23-28] and
quality of care delivered,[29] there have not been studies
showing the changes in timely availability of clinical data
associated with the implementation of a comprehensive
EMR, nor a description of how the timely availability of
data might differ with different types of EMRs.
In this study, we examined the association between the
use of several types of EMRs in the outpatient setting,
including a comprehensive EMR, and the timely availability of electronic data. We focused on the time to availability of visit diagnoses as recorded by clinicians either on
paper visit diagnosis forms, or through two types of EMR
systems in a large, prepaid, integrated delivery system
(IDS) over a three-year period. The IDS's electronic databases captured all diagnoses during this time period; for
diagnoses recorded on paper, data entry clerks transferred
the information into the databases. The IDS sequentially
introduced two new EMR systems for clinical care during
this period, and a basic EMR system had already been in
place, though clinicians infrequently used it for data
entry. The natural experiment presented by the implementation of the various EMR systems allowed us to test
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our hypothesis that the timely availability of data would
improve over time with increasing use of more sophisticated forms of HIT.

Methods
A. Setting
We conducted an historical review using electronic data
from the Kaiser Permanente Northern California (KPNC)
IDS from January 2004 through December 2006. The IDS
provides comprehensive medical care to over three million members in Northern California. We focused on visit
diagnosis data from outpatient clinic visits in internal
medicine, family practice, pediatrics, and obstetricalgynecological practices from January 2004–December
2006. We excluded visits to non-IDS sites. The KPNC
institutional review board approved this study.
B. Data
KPNC has had a number of functioning automated clinical databases for decades, though more limited HIT at the
point-of-care; these databases permit the consistent capture of visit diagnoses and time when they were entered
throughout the implementation of the new EMR systems,
even though the data entry methods changed with the use
of different HIT systems. These automated visit encounter
databases also include information on membership status, individual socio-demographic characteristics, date
and type of clinic visit, primary care physician, and medication prescriptions.

For this study, we abstracted data on the date and type of
each clinic visit, clinician and patient identification codes,
visit diagnoses as determined by the clinician, and date of
diagnosis entry into the electronic encounters database,
which was part of the legacy automated clinical databases,
i.e., preceded the EMRs. Because clinicians or population
managers could access the diagnostic information for
population or point-of-care use only after entry into the
electronic encounters database, we assessed the time
between the visit and the entry of visit diagnosis into the
database via one of the methods described below in the
"Predictor" section. Throughout this paper, "visit diagnoses" refers to the diagnostic codes coded for each visit
and entered into the electronic database. Diagnostic codes
were standard across all KPNC sites, were SNOMED-CT
(Systematized Nomenclature of Medicine – Clinical
Terms) consistent, and were based on the International
Statistical Classification of Diseases and Related Health
Problems, version 9 (ICD-9).
C. Predictor
Our main predictor was the method by which clinicians
entered visit diagnoses (see Table 1 for summary of interfaces and Figure 1 for timeline of interface availability).
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Figure 1 of HIT implementation and use during study period
Schematic
Schematic of HIT implementation and use during study period. *Advanced HIT implementation was staggered by
medical center, and by team within medical center (estimated 3-week lag between teams in medical centers). Once Advanced
HIT was implemented, no other interface was available for charting or entering diagnostic information.

The form for diagnostic code entry was similar across the
three methods (paper, Basic, and Intermediate HIT systems), and resembled a standard billing form with ICD9based diagnostic codes and checkboxes. The visit diagnoses entry processes were as follows:
1) Paper: For visits involving paper medical records, clinicians completed a checkbox paper form at the end of the
visit, which then went to a processing center where a clerk
entered the diagnoses into the electronic database.
2) Basic HIT: At some sites using paper medical records,
the diagnostic codes could be entered into the electronic
database via the Basic HIT interface. Basic HIT, which was
available at the start of the study, is a legacy mainframe
system, and does not have charting features, but permits
viewing of laboratory and radiology results.

3) In March 2004, Intermediate HIT became available
across all sites simultaneously, but did not replace either
the paper medical records or the Basic HIT system. Intermediate HIT was a web-based system that permitted free
text entry of medical notes. Clinicians recorded diagnoses
through this Intermediate interface (electronic version of
the paper form for diagnostic coding or a search bar),
which sent them directly to the IDS automated visit
encounter databases. Intermediate HIT also had electronic
referral and medication ordering features. Although Intermediate HIT was available beginning in March 2003,
there was considerable variation in the onset and extent of
its use from clinician to clinician.
4) Starting in the first quarter of 2005 (Figure 1), implementation of Advanced HIT began (also known as Kaiser
Permanente HealthConnect or KPHC). Advanced HIT is

Table 1: Charting systems characteristics

Charting system EMR Features

Method of entry of visit diagnoses*

Paper

----

Paper form sent to a processing center, entered by clerk

Basic

Results viewing (labs), demographics

Basic interface, usually by clerks at the point of care working off of a
paper form completed by the provider. Infrequently used method

Intermediate

Documentation, results viewing, medication ordering,
referrals

Electronic version of the paper form, or a search bar within the
EMR, entry by providers

Advanced

Documentation, radiology, laboratory, and medication
ordering, results viewing, clinical decision support

Provider chooses ICD9-based diagnoses to create progress note for
visit. These diagnoses are communicated to the electronic database
after the provider completes chart

* Visit information from all four sources was linked to the same automated visit encounter database, the source of information for the study
EMR: electronic medical record
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an EpicCare© system consisting of an integrated EMR with
note templates, physician order entry, and results
retrieval. Clinicians used the ICD9-based diagnostic codes
to create the progress note, including the chief complaint
and assessment sections. Once clinicians completed the
visit note, the system sent the final visit diagnoses to the
IDS's automated visit encounter databases. Thus, for
Advanced HIT, entry of diagnostic codes was a proxy for
completed visit documentation.
The Advanced HIT implementation was staggered
between April 2005 and April 2008, across the 19 medical
centers, and across clinical teams within each medical
center. The Advanced HIT system completely replaced the
paper medical record.
D. Outcomes
To determine data availability, we measured the number
of days between the date of the patient visit and the date
of entry of the first diagnosis into the IDS's automated
visit encounter database. Though diagnostic information
may be entered into the electronic database at more than
one point in time, 85.7%–99.8% of patient visits in any
given month had all diagnoses entered into the system on
the same day. In our sensitivity analyses, we found that all
study findings were comparable whether we used the time
of availability for the first or last diagnosis.
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relevant. Analyses were performed and data for measures
were extracted using SAS 9.1.

Results
During the study period, there were 29,490,302 total
office visits. Table 2 presents numbers of visits annually
and summary patient and practitioner characteristics. The
annual number of visits increased slightly over time. On
average, the patient and practitioner characteristics varied
little over time.
For pooled visits across all medical centers and for each
month of the study period, Figure 2a depicts the percentage with entry of diagnoses using paper or one of the HIT
systems. The overall use of HIT increased with time, and
as use of a more advanced form of HIT increased, use of
the less advanced forms decreased. Figure 2b shows the
increasing percentage of pooled visits with diagnostic data
available on the same day (0 days), or by 1, 4, or 7 days
after the patient visit, with the patterns of HIT use and
data availability increasing similarly over time. In the
beginning of the study period, corresponding to a time
when most of the visits are paper based, only 13% of visits
have diagnostic information available on the same day,
with 91% of visits having diagnostic information availa100%
90%

E. Analyses
For each patient encounter in the electronic registration
database, we recorded the method of entry of diagnostic
information – paper form, Basic, Intermediate or
Advanced HIT. For each month of the study period, for
pooled office visits from all medical centers combined
and in each medical center separately, we calculated: the
percentage of visits using each type of HIT, and the percentage of visits with the first diagnosis entered into main
electronic database by 0, 1, 4 or 7 days from the day of the
visit.

80%

Practitioner characteristics were available in the electronic
databases for 86–87% of visits each year (age, gender, and
training type). We obtained patient age, gender, and
comorbidity score (DxCG) from the IDS's databases.[30,31] We also calculated the mean number of
diagnoses per patient visit based on the diagnostic codes
that had been entered into the electronic database.

100%

70%
60%
50%
40%
30%
20%
10%
0%
1 2

3

4

5

6

7 8

9 10 11 12

2004

1 2 3

4

5

6

7

8

9 10 11 12

1 2

3

4

2005

Basic

Intermediate

5 6

7

8

9 10 11 12

2006

Advanced

Paper

90%
80%
70%
60%
50%
40%

Delay=0 day

30%

Delay<=1 day

20%

Delay<=4 days

10%

Delay<=7 days

0%
1 2 3 4 5 6 7 8 9 101112 1 2 3 4 5 6 7 8 9 101112 1 2 3 4 5 6 7 8 9 101112

In our examination of the relationship between HIT use
and availability of diagnostic information, we did not
adjust for possible changes in patient or practitioner mix
over time, given the stability of patient and practitioner
characteristics over time (Table 2). With our very large
sample size and use of data from the entire target membership, standard statistical inference techniques were not
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All
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All Office Visits' HIT Use and Time to Data Availability. a. HIT use in all office visits. b. Percentage of all office visits with data available within 0, 1, 4, or 7 days.
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ble by the time a week has passed. In contrast, by the end
of the study period, when HIT use had greatly increased
(98% for all HIT types, and 67% Advanced HIT), 96% of
office visits had diagnostic information available on the
same day. Figure 3 summarizes the change in time to
availability with the use of HIT throughout the IDS. The
mean time to data availability throughout the study
period ranged from 6.66 days to 0.2 days at the end of the
period.
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Across individual medical centers, the uptake of Intermediate and Advanced HIT differs, due to variable adoption
of Intermediate HIT and the staggered implementation of
Advanced HIT. Of note, in each medical center, as the use
of more sophisticated HIT increases, there is a corresponding increase in the timely availability of diagnostic codes.
Figures 4 and 5 depict illustrative patterns in two medical
centers. In medical center A (Figure 4), gains in same-day
availability of diagnostic data occurred with increasing
use of Intermediate HIT but only progress to 100% with
substantial use of Advanced HIT. In contrast, in medical
center B (Figure 5), where Advanced HIT implementation
had not begun by the end of the study period (December
2006), gains in same day availability of diagnostic data
only rise to 90%, despite high use of the Intermediate HIT
system (94% of visits). A similar pattern of greater rise in
same day availability with use of Advanced HIT than with
use of less sophisticated HIT occurs across the other 16
medical centers individually (data not shown).

Discussion
In this study of almost 30 million visits within an integrated delivery system, there were dramatic increases in
the percentage of office visits with diagnoses available
within an electronic database on the same day as the visit
during 2004–2006, corresponding to the implementation
of increasingly sophisticated forms of HIT for office visit
documentation.
Within any health system, there are multiple potential
delays in visit documentation: 1) clinician delay, such as
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Medical Center A increased use of Advanced HIT
(Fig 4a) associated with >98% visits with data available on the same day as the visit (Fig 4b). a. HIT use in
office visits at Medical Center A. b. Percent of office visits at
Medical Center A with data available on the same day as the
visit.

when clinical care takes precedence over documentation;
2) clinical information delay, such as when the diagnosis
requires clinical information that is not immediately
available, e.g., a laboratory result; and 3) systemic delays,
such as prolonged processing time after the clinician finishes the record. The increase in timely availability of clinical data with HIT use likely results from decreased
clinician delay and decreased systemic delays, since HIT
allows for more swift entry of diagnoses or eliminates
steps in the data capture process. One important advantage of an EMR over an entirely paper system is the
decreased clinical information delay via swift access to
laboratory and radiology results, for either the ordering
clinician or another provider. This did not contribute in
our study since results viewing was available throughout
the study period, but may be a contributor in other systems that do not already have electronic access to laboratory values and radiology reports, particularly for care
shifted between providers, when paper lab results may not
be readily exchanged. Health care systems without such
electronic transfer of laboratory, radiology, and consulta-
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tion data might experience even more dramatic improvements in clinical data timeliness.
The problem of clinician delay may be exacerbated by the
presence of sicker patients, which are more time intensive
to care for and leave less time for documentation. We did
not see any evidence for increase or decrease of acuity in
the patient characteristics over time (age and number of
diagnoses stayed had minimal variation), so it would be
unlikely that a decrease in patient acuity would have contributed to the decrease in time to documentation. If the
population had grown sicker during this time, then the
effects of Advanced may be even more pronounced than
they appear in our analysis.
The differential pattern of timely availability of diagnoses
in individual medical centers reflecting the use of
Advanced HIT at those centers (Figures 4 and 5) suggests
that Advanced HIT may drive the timely entry of diagnoses more than Basic or Intermediate HIT. In most medical centers, once Advanced HIT was implemented for 80–
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90% of patient visits in the office setting, 99–100% of visits had documentation complete by the same day. While
it is possible that Advanced HIT implementation
increased medical center focus on timely documentation,
the gains in timely data entry were coincident in each
medical center with the uptake of Advanced HIT, and it is
unlikely that every medical center had the same emphasis
on timely documentation during the period of Advanced
HIT implementation. The relationship between Advanced
HIT and the more timely availability of information compared to Basic HIT or Intermediate HIT implies that different HIT functionality may lead to different effects on
timely availability of clinical information, and that the
systems that allow the most streamlined workflows may
lead to the most timely information availability.
In other health care systems, individual providers may be
motivated to complete diagnostic coding in order to get
reimbursed in a more timely fashion. The results of our
study, if applied to other medical providers using an EMR,
suggest the possibility of timelier billing cycles. In contrast, KPNC is a prepaid, integrated delivery system, and
while recording diagnostic codes is considered a part of
standard clinical documentation for quality and organizational reasons, compensation is not dependent on entry
of diagnostic codes. Therefore, improved billing cycles
would be an unlikely driver in the increased timely availability of data demonstrated in this study.
In this study we did not find a change over time in the
number of diagnoses for visits (Table 2). It has been
hypothesized that an EMR would increase the number of
diagnoses attributed to any patient, leading to improved
data "completeness." A possible reason for improved
completeness would include greater ease of documentation with an EMR.[32] It may be that the number of diagnostic codes entered did not change because the ones that
were documented on paper records represented the complete clinical picture. It may be that there was no motivating factor for providers to increase the numbers of
diagnoses charted in the EMR. We do not have information regarding this clinician behavior but it may be amenable to collection through qualitative or quantitative
physician surveys.
A. Limitations
It is possible that some degree of change in the timely
availability of diagnostic data results from changes in
patient population or practitioner population over time
rather than changes in HIT use over time. Though we did
not adjust for possible confounders such as practitioner
characteristics, patient characteristics, or seasonal variation, Table 2 demonstrates the stability of patient and
practitioner characteristics over time. This provides evidence that any contribution they make to the change in
availability of diagnostic data is likely to be small and not
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Table 2: Patient and practitioner visit characteristics by setting
annually

Number of visits
Patient characteristics
Mean Age, years (SD)
Female (%)
Mean comorbidity score (SD)
Mean diagnoses/visit
Practitioner characteristics
Mean Age, years (SD)
Female (%)
Training type (%)
Internal medicine
Pediatrics
OB/Gyn
Family Medicine
Other

2004

2005

2006

9.6 m

9.9 m

10 m

43(24)
62
2.5 (3.7)
4.5

43(24)
62
2.6(3.8)
4.6

43(24)
62
2.7(4.0)
4.4

46(9)
54

46(9)
53

46(9)
54

31
16
8.4
7.1
37

31
17
8.4
7.1
36

30
17
8.7
8.8
36

sufficient to explain the substantial increase in percentage
of same-day availability of diagnostic data.
This study does not address the accuracy of the diagnoses
entered. Errors in diagnostic accuracy may occur in two
forms: diagnoses incorrectly attributed to the patient (e.g.
assignation of hypertension when the patient has never
been hypertensive); and diagnoses incorrectly attributed
to the patient at the time of charting (e.g. anemia is
recorded as a diagnosis even after it has resolved).
Advanced HIT may facilitate the second type of error since
it enables carryover of information from one visit to the
next without a forcing mechanism to verify the information. The use of SNOMED codes, which allow for much
more detailed specification of diagnoses than ICD-9
codes, may enable a more structured description of a visit,
and therefore a more accurate one; demonstrating this
was beyond the scope of this study but could be considered in the future.
The study occurred in a single, integrated delivery system.
While the number of visits is quite large, findings may be
specific to this patient population, practitioner population, or particular system, and may change with different
HIT systems, or in non-integrated health care delivery systems. However, the Advanced HIT EpicCare© system is
commercially available, and therefore our findings provide information that may be useful to others considering
implementing it in their own settings. Importantly, there
was substantial time allotted to implementation of the
Advanced HIT system to allow for adequate initial and
ongoing clinician training, including policies such as
decreased patient load for clinicians during the initial
implementation at a site. This careful implementation
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and ongoing support may be more difficult to achieve in
a smaller or non-integrated setting.
It was beyond the scope of this study to examine associations between changes in clinical outcomes and the
improved timely availability of clinical information.
However, documenting the effect the time to availability
of clinical information has on the quality of care delivery
and on individual outcomes would aid in quantifying the
contributions EMRs make to improvements in overall
health and we hope to examine these relationships in the
future.
Finally, the study health system has collected electronic
clinical data since well prior to the study period, so results
may be different for organizations that have not previously collected electronic data. The change in timely availability with use of a HIT system may be more extreme for
organizations that are still entirely paper-based.
B. Implications
The current public health infrastructure is limited and suffers from a dearth of clinical information. Few public
health officials receive routine, timely transfers of electronic data, have mechanisms to analyse the clinical data,
monitor outbreaks, or even confirm other reports. Most
public health localities rely instead on word of mouth
reports, phone calls with clinicians, or in-person interviews.[8,33] Compounding this problem are the limited
and often declining resources available for public and
population health.

Electronic data captured by HIT systems offer tremendous
promise in improving the availability of timely clinical
information for disease surveillance, responses to potential outbreaks, and monitoring of actual outbreaks. For
example, an electronic surveillance system implemented
in laboratories in two Indiana counties led to a 29%
increase in absolute number of Shigella species infections
identified during an outbreak, and led to same day notification to the health department, decreased from an average lag time of 2.5 days from time of positive result to
time of health department notification.[34] We have
demonstrated that in an integrated delivery system using
a comprehensive EMR, we can capture multiple different
types of clinical diagnostic information, not just infectious disease entities.
In addition, HIT systems may improve quality of care by
providing timely clinical information at the point of care.
Patients with chronic disease require coordination of care
across multiple practitioners, including primary care providers, specialists, care managers, pharmacists, and others.
Relevant patient information often is not available at the
time of the visit, which impedes clinical care.[20] A large
survey of primary care physicians in Colorado, most using
Page 7 of 9
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paper charts and a few using full electronic records, found
physicians reported missing critical information in 13.6%
of visits. The physicians also reported that the missing
information resulted in potential delayed care or additional services for 59.5% of those visits.[20]
Patients who would have most likely benefited from the
improved information availability in the KPNC system
are those who re-present within one week of their visit. It
has been shown in other settings that 6.4% of asthma
patients seen for urgent care follow-up within one
week.[35] We found previously that in 2002, KPNC members made 2.1 million visits for asthma (unpublished
data), which implies up to ~133,000 repeat visits of an
asthmatic within one week of initial presentation. Other
common chronic diseases such as congestive heart failure,
hypertension, and diabetes also may lead to repeat visits
within a short time frame. It is these patients who will
likely most benefit from HIT improvements in timely
availability of information through processes such as
medication management, coordination of care, and communication between providers.

Conclusion
In an integrated delivery system, timely availability of
clinical diagnostic information improved with use of
increasingly sophisticated health information technology
systems and with the elimination of paper-based charting.
These findings were most prominent with increased use of
an Advanced HIT system.

Competing interests

http://www.biomedcentral.com/1472-6947/9/35

3.
4.
5.

6.

7.

8.

9.

10.

11.

12.

13.

14.

The authors declare that they have no competing interests.

Authors' contributions
NSB participated in the design of the study and drafted the
manuscript. JH participated in the design of the study and
data analysis. RB participated in the design of the study
and statistical analysis. JTH participated in the design of
the study. All authors read and approved the final manuscript.

15.

16.

17.

Acknowledgements
This project was funded by the Agency for Healthcare Research and Quality
R01 HS015280 and the National Institute of General Medical Sciences U01GM076672.

18.
19.

References
1.

2.

Institute of Medicine (U.S.): Committee on Quality of Health
Care in America. Crossing the quality chasm: a new health
system for the 21st century. Washington D.C.: National Academy
Press;
2001.
Transforming Health Care: The President's Health Information
Technology
Plan
[http://georgewbush-white
house.archives.gov/news/releases/2004/05/2004052]

20.
21.

Detmer D, Bloomrosen M, Raymond B, Tang P: Integrated personal health records: transformative tools for consumercentric care. BMC Med Inform Decis Mak 2008, 8:45.
Leape LL, Berwick DM: Five years after To Err Is Human: what
have we learned? JAMA 2005, 293(19):2384-2390.
Berghold C, Berghold A, Fulop G, Heuberger S, Strauss R, Zenz W:
Invasive meningococcal disease in Austria 2002: assessment
of completeness of notification by comparison of two independent data sources. Wien Klin Wochenschr 2006, 118(1–
2):31-35.
Effler P, Ching-Lee M, Bogard A, Ieong MC, Nekomoto T, Jernigan D:
Statewide system of electronic notifiable disease reporting
from clinical laboratories: comparing automated reporting
with conventional methods. JAMA 1999, 282(19):1845-1850.
Overhage JM, Grannis S, McDonald CJ: A comparison of the completeness and timeliness of automated electronic laboratory
reporting and spontaneous reporting of notifiable conditions. Am J Public Health 2008, 98(2):344-350.
Automated detection and reporting of notifiable diseases
using electronic medical records versus passive surveillance
– massachusetts, June 2006–July 2007. MMWR Morb Mortal
Wkly Rep 2008, 57(14):373-376.
Chang DC, Burwell LA, Lyon GM, Pappas PG, Chiller TM, Wannemuehler KA, Fridkin SK, Park BJ: Comparison of the use of administrative data and an active system for surveillance of
invasive aspergillosis.
Infect Control Hosp Epidemiol 2008,
29(1):25-30.
Vogt RL, Spittle R, Cronquist A, Patnaik JL: Evaluation of the timeliness and completeness of a Web-based notifiable disease
reporting system by a local health department. J Public Health
Manag Pract 2006, 12(6):540-544.
Ward M, Brandsema P, van Straten E, Bosman A: Electronic reporting improves timeliness and completeness of infectious disease notification, The Netherlands, 2003. Euro Surveill 2005,
10(1):27-30.
McIlwain JS, Lassetter K: HIE: decision support. Building sustainable HIEs. In the aftermath of Hurricane Katrina, the need
for a true health information exchange in Mississippi cannot
be denied. Health Manag Technol 2009, 30(2):8-11.
Cookson ST, Soetebier K, Murray EL, Fajardo GC, Hanzlick R, Cowell
A, Drenzek C: Internet-based morbidity and mortality surveillance among Hurricane Katrina evacuees in Georgia. Prev
Chronic Dis 2008, 5(4):A133.
Institute of Medicine (U.S.): Committee on Quality of Health
Care in America. Key Capabilities of an Electronic Health
Record System: Letter Report. Washington D.C.: National
Academy Press; 2003.
Lazarus R, Kleinman KP, Dashevsky I, DeMaria A, Platt R: Using
automated medical records for rapid identification of illness
syndromes (syndromic surveillance): the example of lower
respiratory infection. BMC Public Health 2001, 1:9.
Hillestad R, Bigelow J, Bower A, Girosi F, Meili R, Scoville R, Taylor
R: Can Electronic Medical Record Systems Transform
Health Care? Potential Health Benefits, Savings, And Costs.
Health Aff (Millwood). 2005, 24(5):1103-1117.
Kripalani S, LeFevre F, Phillips CO, Williams MV, Basaviah P, Baker
DW: Deficits in Communication and Information Transfer
Between Hospital-Based and Primary Care Physicians:
Implications for Patient Safety and Continuity of Care. JAMA
2007, 297(8):831-841.
O'Kane M, Corrigan J, Foote SM, Tunis SR, Isham GJ, Nichols LM,
Fisher ES, Ebeler JC, Block JA, Bradley BE, et al.: Crossroads In
Quality. Health Aff (Millwood) 2008, 27(3):749-758.
Elder NC, Meulen M Vonder, Cassedy A: The identification of
medical errors by family physicians during outpatient visits.
Ann Fam Med 2004, 2(2):125-129.
Smith PC, Araya-Guerra R, Bublitz C, Parnes B, Dickinson LM, Van
Vorst R, Westfall JM, Pace WD: Missing clinical information during primary care visits. JAMA 2005, 293(5):565-571.
Fitzhenry F, Kiepek WT, Shultz EK, Byrd J, Doran J, Miller RA: Implementing outpatient order entry to support medical necessity using the patient's electronic past medical history. Proc
AMIA Symp 2002, 2002:250-254.

Page 8 of 9
(page number not for citation purposes)

BMC Medical Informatics and Decision Making 2009, 9:35

22.

23.
24.

25.

26.

27.

28.
29.
30.
31.
32.

33.
34.
35.

http://www.biomedcentral.com/1472-6947/9/35

Chaudhry B, Wang J, Wu S, Maglione M, Mojica W, Roth E, Morton
SC, Shekelle PG: Systematic Review: Impact of Health Information Technology on Quality, Efficiency, and Costs of Medical Care. Ann Intern Med 2006, 144(10):742-752.
Tierney WM, Miller ME, McDonald CJ: The effect on test ordering
of informing physicians of the charges for outpatient diagnostic tests. N Engl J Med 1990, 322(21):1499-1504.
Overhage JM, Perkins S, Tierney WM, McDonald CJ: Controlled
trial of direct physician order entry: effects on physicians'
time utilization in ambulatory primary care internal medicine practices. J Am Med Inform Assoc 2001, 8(4):361-371.
Kuperman GJ, Teich JM, Tanasijevic MJ, Ma'Luf N, Rittenberg E, Jha A,
Fiskio J, Winkelman J, Bates DW: Improving response to critical
laboratory results with automation: results of a randomized
controlled trial. J Am Med Inform Assoc 1999, 6(6):512-522.
Pizziferri L, Kittler AF, Volk LA, Honour MM, Gupta S, Wang S, Wang
T, Lippincott M, Li Q, Bates DW: Primary care physician time
utilization before and after implementation of an electronic
health record: a time-motion study. J Biomed Inform 2005,
38(3):176-188.
Wong DH, Gallegos Y, Weinger MB, Clack S, Slagle J, Anderson CT:
Changes in intensive care unit nurse task activity after installation of a third-generation intensive care unit information
system. Crit Care Med 2003, 31(10):2488-2494.
Pierpont GL, Thilgen D: Effect of computerized charting on
nursing activity in intensive care. Crit Care Med 1995,
23(6):1067-1073.
Linder JA, Ma J, Bates DW, Middleton B, Stafford RS: Electronic
Health Record Use and the Quality of Ambulatory Care in
the United States. Arch Intern Med 2007, 167(13):1400-1405.
Byrne MM, Kuebeler M, Pietz K, Petersen LA: Effect of using information from only one system for dually eligible health care
users. Med Care 2006, 44(8):768-773.
DxCG Inc: DxCG risk adjustment software analytic guide,
Release 6.0. Boston, MA 2001.
Tang PC, Ralston M, Arrigotti MF, Qureshi L, Graham J: Comparison of methodologies for calculating quality measures based
on administrative data versus clinical data from an electronic health record system: implications for performance
measures. J Am Med Inform Assoc 2007, 14(1):10-15.
Dato V, Wagner MM, Fapohunda A: How outbreaks of infectious
disease are detected: a review of surveillance systems and
outbreaks. Public Health Rep 2004, 119(5):464-471.
Overhage JM, Suico J, McDonald CJ: Electronic laboratory
reporting: barriers, solutions and findings. J Public Health Manag
Pract 2001, 7(6):60-66.
Rowe BH, Voaklander DC, Wang D, Senthilselvan A, Klassen TP,
Marrie TJ, Rosychuk RJ: Asthma presentations by adults to
emergency departments in Alberta, Canada: a large population-based study. Chest 2009, 135(1):57-65.

Pre-publication history
The pre-publication history for this paper can be accessed
here:
http://www.biomedcentral.com/1472-6947/9/35/prepub
Publish with Bio Med Central and every
scientist can read your work free of charge
"BioMed Central will be the most significant development for
disseminating the results of biomedical researc h in our lifetime."
Sir Paul Nurse, Cancer Research UK

Your research papers will be:
available free of charge to the entire biomedical community
peer reviewed and published immediately upon acceptance
cited in PubMed and archived on PubMed Central
yours — you keep the copyright

BioMedcentral

Submit your manuscript here:
http://www.biomedcentral.com/info/publishing_adv.asp

Page 9 of 9
(page number not for citation purposes)

