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Electronic health record (EHR) data repositories contain large volumes of aggregated, longitudinal
clinical data that could allow patient safety researchers to identify important safety issues and conduct
comprehensive evaluations of health care delivery outcomes. However, few health systems have suc-
cessfully converted this abundance of data into useful information or knowledge for safety improvement.
In this paper, we use a case study involving a project on missed/delayed follow-up of test results to
discuss real-world challenges in using EHR data for patient safety research. We identify three types of
challenges that pose as barriers to advance patient safety improvement research: 1) gaining approval to
access/review EHR data; 2) interpreting EHR data; 3) working with local IT/EHR personnel. We discuss
the complexity of these challenges, all of which are unlikely to be unique to this project, and outline
some key next steps that must be taken to support research that uses EHR data to improve safety. We
recognize that all organizations face competing priorities between clinical operations and research.
However, to leverage EHRs and their abundant data for patient safety improvement research, many
current data access and security policies and procedures must be rewritten and standardized across
health care organizations. These efforts are essential to help make EHRs and EHR data useful for progress

in our journey to safer health care.
Published by Elsevier Inc. This is an open access article under the CC BY license
(http://creativecommons.org/licenses/by/4.0/).

researchers to identify important safety issues and conduct com-
prehensive evaluations of health care delivery outcomes.'” These

1. Introduction

Over the last six years, the US has spent over $30 billion to
incentivize adoption and meaningful use of health information
technology (HIT) with the goal of improving the quality, safety,
and cost of health care.! The benefits of using HIT have long been
awaited since the Institute of Medicine's 1999 report To Err is
Human.?° However, despite widespread adoption of electronic
health records (EHRs), digital data is not routinely harnessed to
improve patient safety.”'* Furthermore, EHR systems were not
developed with aims of measuring and tracking patient safety,
undermining the ability of EHRs to reduce the occurrence of ad-
verse events.’

EHR data repositories contain large volumes of aggregated,
longitudinal clinical data that could allow patient safety
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evaluations could include better ways to measure clinical care and
identify gaps in care and opportunities for improvement.'®~ 2!
EHRs have the potential to be used to address many known safety
issues using data that are already routinely documented. For in-
stance, they can identify patients at risk for falls via reminders
triggered by age and other risk factors, such as whether patients
are prescribed psychotropic medications.?’ 2% EHRs can also
identify potential adverse events, which often go unreported.”®
Furthermore, EHRs allow mining of real-time clinical data, en-
abling detection of problems and intervention before harm occurs,
as opposed to retrospective data sources such as claims files or
Patient Safety Indicators.?® Clinical data also better represents how
patient care was delivered than administrative data,?’” which is
optimized for billing purposes instead.?® EHR data is thus poten-
tially richer, more actionable, and more accurate than billing or
claims-related data for patient safety improvement efforts.?®
However, few health systems have successfully converted this
abundance of data into useful knowledge for system
improvement,®° > even though the time to do that is ripe. In this
paper, we use a case study to illustrate real-world challenges in
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using EHR data for patient safety research and outline some key
next steps that must be taken to support emerging research in this
area.

2. A case study: Patient safety research in EHR-based clinical
settings

We previously used data from the Veterans Health Adminis-
tration's well-established EHR to understand instances of missed
and/or delayed diagnosis.'”*! We identified several vulnerabilities,
both technical (e.g., design flaws in EHR-based test results notifi-
cation “in-boxes”) and nontechnical (e.g., workflow issues and
diffusion of responsibility), that affected timely follow-up of di-
agnostic test results.®> The recent Institute of Medicine (IOM) re-
port Improving Diagnosis in Health Care discussed the significance
of delays in diagnosis and made several recommendations for
optimizing the use of EHRs, including use of electronic data to
measure and track potential diagnostic errors.>* One strategy to
accomplish this is by developing “trigger” algorithms that analyze
patient data collected in EHRs and identify patients whose ab-
normal test results may not have been followed-up on a timely
basis.!”*>® In a randomized controlled trial, we tested whether
the prospective use of these EHR-based trigger algorithms could
prevent delays in diagnostic evaluation for lung, colorectal, and
prostate cancer. We found that EHR-based trigger interventions
reduced the time to diagnostic evaluation of colorectal and pros-
tate cancer and increased the proportion of patients who received
appropriate follow-up.!”

We were subsequently funded to evaluate technical and non-
technical vulnerabilities of EHR-based test results notification
systems in commercial EHRs. Our “sociotechnical” approach ac-
counts for vulnerabilities that arise when health IT interacts with
people, work processes, and other organizational factors.>” We are
conducting these studies in three private health care systems that
use commercial EHR-based test result communication systems.
Our project involves querying certain test results in EHR databases
at each site on a weekly basis, performing chart reviews to de-
termine appropriateness of follow-up of patients with abnormal
results, and recruiting selected providers involved in care of these
patients for interviews to understand and optimize EHR-based
communication processes. Test results we are querying include
abnormal Pap smear, abnormal urine culture, abnormal CT Chest,
abnormal chest X-ray, abnormal pathology, abnormal electro-
cardiogram, TSH > 10 mIU/L, urine microalbumin > 30 g/mL,
AFP > 20 IU/mL, and hemoglobin between 8 and 11 g/dL. A case is
considered delayed if no action was taken (e.g., including doc-
umenting that the test result was communicated to the patient,
ordering repeat or follow-up testing, referring to a specialist, al-
tering medications, documenting intentional inaction, indicating
that a patient pursued care at an outside facility, or documenting
that a patient declined action) within 14 days of the provider re-
ceiving the abnormal result. EHRs in use include Epic Systems
(Verona, WI) (2 sites) and GE Centricity (Buckinghamshire, U. K.).

Based upon data we assimilated for reporting project mile-
stones, documented external communication with study sites
(including emails), documented internal research team commu-
nication (team meeting notes, emails), as well as our own personal
experiences, we identified at least three types of barriers patient
safety researchers are likely to face: 1) gaining approval to access/
review EHR data; 2) interpreting EHR data; 3) working with local
IT/EHR personnel. We have no reason to believe that these chal-
lenges are unique to institutions we worked with. Below, we dis-
cuss these challenges in detail and recommend next steps to ad-
vance research that helps realize EHRs’ full potential to improve
patient safety.

3. Challenges in gaining approval for researchers to access/
review EHR data

3.1. Restrictions on remote access and review personnel

Researchers must be able to access and review EHR data to
conduct patient safety research. However, we found superfluous
restrictions on remote data access for researchers. This was best
illustrated at Site A, where the organization's internal research
oversight team would not provide approval for remote access to
the organization's EHR despite approval by the local institutional
review board (IRB). The local policy at this site prohibited EHR data
from physically or electronically leaving the site or system, even
with appropriate oversight and data protections. Thus, researchers
were unable to access Site A patient charts even via a site-ap-
proved secure virtual private network (VPN). Moreover, Site A's
research oversight team required an employee of their organiza-
tion to perform record reviews at the clinic site. These restrictions
seemed excessive considering security standards already in place
to ensure secure remote access for employees of the institution.
While this stipulation undermined one of the main benefits of
EHRs (remote accessibility of patient information), we overcame
this barrier by employing an eligible reviewer from an academic
affiliate of Site A to review charts on site.

3.2. Restrictions on type of access

One important feature of our protocol was an explicit proce-
dure to communicate with providers about any urgent test results
that appeared to have been overlooked. We decided that the se-
cure messaging feature within the EHR was the most efficient and
secure means of alerting providers to potentially missed test re-
sults. While Site B clinical leadership supported this method, in-
ternal data security policies permitted only “minimal” remote
chart access for researchers. This meant that we did not have the
ability to use all features and functions of the EHR system, in-
cluding EHR-based secure messaging. Thus, in order to be able to
communicate with Site B providers, we devised a complicated
workaround that involved gaining access to the site's secure in-
tranet system and obtaining institutionally affiliated email ad-
dresses for our team members. After much trial and error, we
concluded that the workaround was impractical, and we resorted
to telephoning providers to discuss specific patient cases.

3.3. Restrictions on network connection

An additional barrier included strict data security protocols
regarding access to Site C data from our team's institution. These
protocols required use of Citrix virtualization servers to access
remote facilities, as opposed to use of a direct network connec-
tion (e.g., VPN) to the external organization. Initially, a compat-
ibility issue prevented any connection at all between our in-
stitution and Site C's data server. Our institution's IT personnel
suggested workarounds using less secure methods, such as
copying data to optical media from one of Site C's computers, and
then physically transporting it to our facility. A timely and for-
tuitous upgrade of software at Site C allowed us to circumvent the
security restrictions and overcome the compatibility issues with
the virtualization portal method. However, unlike a direct VPN
connection, data downloading via the virtualization portal was
fraught with network connection quality issues, resulting in fre-
quent disconnections when downloading larger amounts of data
(Table 1).
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Table 1.
Summary of barriers to researchers gaining approval to access/review EHR data.

Site A Site B

Site C

Barrier Encountered ® No remote access to patient charts e Minimal chart access meant no internal messaging ¢ Our own organization security protocols kept us

for researchers

feature for communicating patient information to

from directly importing data from this site (e.g.,

® Reviewer must be employee of  providers through VPN)
organization
Workaround o Employed an eligible reviewer who e Called providers via telephone to discuss patient e The site upgraded the portal used for accessing
was credentialed by the cases and downloading data (albeit with poor

organization
Traveled to the site weekly to review
charts

connection)

4. Challenges in interpreting EHR data

Researchers must be able to understand and query data in EHR
data repositories (or work with IT personnel who can do so). We
experienced two main barriers in retrieving (i.e., creating and
executing EHR database queries) and interpreting data contained
within EHRs. First, we found that sites had variable amounts of
structured EHR data (i.e., lack of “normal” or “abnormal” codes for
test results), and often the same field was structured at one site
and unstructured at another site, making cross-site automated
comparisons difficult or impossible. Structured data is important
because it can help computer algorithms garner meaning from the
data and has been a focus of meaningful use (MU) requirements.*®
Despite ongoing enthusiasm about * "big data" and EHR analytics
in health care, we faced challenges with accessing even basic le-
vels of structured data. Notably, all three sites met Stage 1 MU
requirements, meaning that they all used a certified EHR as pre-
scribed by the meaningful use regulations associated with the
2009 HITECH Act.*® However, at all three sites we were informed
by IT staff that there was no method for the computer to auto-
matically identify significantly abnormal radiology, pathology,
microbiology, and certain clinical laboratory results. As a result, at
each site, our reviewer received a list of all tests performed and
manually sorted and organized them to determine which medical
records to review. Second, native reporting and analytic cap-
abilities of the EHRs in our study were limited, which required us
to do a significant amount of manual work. For example, at Site B,
the only method of data output was use of static portable data
format (PDF) files, making transcription into editable databases a
tedious and potentially error-prone process.

5. Challenges in working with local IT/EHR personnel

Researchers must be able to work closely with local IT/EHR
personnel who are knowledgeable and responsive to needs for
research for improving patient care. Despite clinical leadership buy-
in, we experienced barriers to working with local IT/EHR personnel
because of their competing operational priorities at all three sites.
We found that organizational IT personnel at all sites were sig-
nificantly resource-constrained and had many competing priorities,
particularly related to MU implementation and EHR upgrade-re-
lated issues. This resulted in delays in understanding several data-
related issues and in getting EHR queries operationalized. Site A
was engaged in an EHR upgrade for approximately 4 months dur-
ing which all research-related tasks remained untouched.

Additionally, IT staff at all three sites experienced difficulty in
identifying, extracting, and understanding data needs from the
clinical and research perspective.’’ For example, despite specific
instructions provided by our team, the EHR database adminis-
trators at Site B failed to differentiate between test results for

hemoglobin (e.g., used to identify patients with anemia) and he-
moglobin Alc (e.g., used to identify patients with diabetes) results
and provided a list of hemoglobin Alc results labeled as
“hemoglobin.”

Again at Site B, after several weeks of reviews, we noticed
unusual patterns in the proportion of tests being resulted. Further
investigation revealed that the results of only those tests ordered
during visits were included in the output. Since many physicians
order pre-visit labs, the majority of results were not included. At
Site C, after several failed attempts to develop reports that in-
cluded only the tests results of interest delivered to study parti-
cipants within a pre-specified time period, IT staff reported that
they were unable to dedicate sufficient time to understand the
needs of our research project.*! As a solution, our team was
granted more access to the data. However, this arrangement was
not optimal due to frequent technical failures (e.g., server dis-
connects and crashes when querying large amounts of data), poor
quality and incomplete data, and slow and inadequate analytic
tools (e.g., limited filtering capability). Ultimately, to prevent data
management and transfer problems, we decided to import all test
result data each week and perform filtering and analytics locally
using Microsoft Excel (Redmond, WA). This task was only able to
be completed with the help of our local research team's pro-
grammer, who pulled the correct data set for our chart reviewers
on a weekly basis.

6. Key lessons

To enable progress in patient safety improvement through
EHRs and EHR-based research, we summarize key lessons learned
and some next steps. Although our failure to gain easy remote EHR
access was disappointing, it was not surprising given that most
organizations fear a large-scale breach of protected health
information,*? especially in light of several recent highly pub-
licized cases.** Because of such breaches, no matter the strength of
security of the IT system, health care organizations will likely re-
main concerned with their potential occurrence. While these large
scale breaches are worrisome, most do not appear to be targeted
hacks by sophisticated groups, but rather the result of local IT
organizations not taking appropriate security precautions.***°
After institutional review, patient safety research projects should
be deemed safe to carry out, assuming the organization has im-
plemented robust firewalls and advanced level 3 authentication
procedures as outlined by the National Institute of Standards and
Technology (NIST).“® Applying these measures to all remote users
would greatly reduce an organization's security risks*” and allow
clinicians and researchers alike to make better use of EHR data
remotely to improve patient care.

The lack of key structured data in EHRs was not surprising gi-
ven that many organizations have implemented their current EHRs
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to avoid making structured data entry by clinicians too onerous,
and to minimize the complexity of structured data transmission at
the interface between the EHR and external ancillary services (e.g.,
laboratory, pharmacy, and radiology).*®*° For example, many la-
boratory-to-EHR interfaces use a rudimentary “print to file” or
electronic fax feature to transfer laboratory test results into the
EHR, which has the unintended side effect of converting struc-
tured data into free-text. If health care is to achieve the promised
benefits from EHR implementation and use, all stakeholders in the
EHR community (i.e., clinicians, health care organizations, EHR
developers, payers, and regulators) must come together and
identify a minimum set of coded data that should be routinely
collected, maintained in coded form, and able to be exported
electronically. Following the lead of the Veterans' Affairs health
system, we would argue that the interpretation of all laboratory
and radiology test results should have at least coded designations
such as “normal” or “clinically significant abnormal” due to the
high potential for missed abnormal results leading to patient
harm.”?~>?

Most organizations’ IT strategies prioritize goals related to tight
MU implementation timelines, and IT personnel effort is allocated
accordingly. Nevertheless, now that the majority of health care
organizations have implemented EHRs, it's imperative to use them
for safety improvement. Institutions such as the Department of
Veterans Affairs, Intermountain Healthcare, and the University of
Utah®® for example, have invested in using EHR data for im-
provement over the past 20 years. We posit that all organizations
(not just those with “research” as part of their mission) should
dedicate additional IT personnel and implement near real-time
clinical data warehouses with easy-to-use report writing
capabilities®*>° to support quality improvement and patient safety
improvement efforts. This would allow current IT staff to focus on
operational activities.”® Unfortunately, our experiences reveal that
the IT workforce for health care is often ill-prepared, lacks the
necessary tools and resources, and is deficient in the clinical and
workflow insights and experience necessary to address both re-
search and non-research tasks related to extraction and analysis of
EHR data.”” If such knowledgeable and experienced IT profes-
sionals existed, then perhaps grant funding could pay IT personnel
who serve the research needs of unaffiliated or affiliated scientists.
If IT personnel cannot be paid out of grants, some of these pro-
blems could be overcome if research programmers could have
better access to EHR data.

Table 2.

7. Path forward

There appear to be major barriers to advancing research de-
signed to help realize the full potential of EHRs to improve patient
safety. Lofty goals have been proposed for improving quality and
safety using EHR data, but the reality is that little progress has
been made toward achieving them.®*'*>°® Many leading EHR
development organizations and health care organizations are
creating near real-time, comprehensive, clinical data warehouses
to allow for both operational demands and quality improvement
and research efforts.”**° Concomitantly, some academic medical
centers (AMCs) are now working to develop a new workforce of
technically-trained, yet clinically-focused, staff required to create
what the IOM refers to as a “Learning Health System.”®*®! Towards
this end, some AMCs are also creating new departments of data
science®%®> or informatics institutes ¢ to provide an academic
home for this new workforce.

Finally, the development of the new SMART (Substitutable
Medical Applications and Reusable Technologies) on FHIR (Fast
Health Interoperability Resources)®® standards-based application
programming interfaces (APIs) for data transport, user authoriza-
tion, and data display coupled with endorsement of several stan-
dard medical terminologies for coded data has potential to reshape
the clinical data interchange, display, and access landscape for
both clinicians and researchers (Table 2).°”

Anecdotal and published evidence suggests that our experi-
ences are not unique.’®®® With the rapid implementation of
commercially-developed EHRs at most large medical centers, ac-
cess to underlying data and use of that data to improve safety is
yet to become commonplace. We recognize that organizations
generally face competing priorities between clinical operations
and research. However, EHR-related patient safety research must
be prioritized because it is so closely integrated with clinical op-
erations and could lead to faster systems and process improve-
ments than many other types of research.

To develop best practices to leverage EHRs and their abundant
data to promote patient safety improvement research, many cur-
rent data access security policies and procedures must be re-
written and standardized across health care organizations. Only
this large-scale, systems-level effort will help make EHRs and EHR
data useful for improving patient safety, quality, and efficiency. We
hope this case study is valuable to stimulate actions that lead us
closer to these goals.

Summary of challenges and solutions to improving health care through use of EHR data.

Solutions

Challenge EHR Vendor Responsibility

Health Care System Responsibility

Researchers Gaining Approval
to Access/Review EHR Data
Interpreting EHR Data

procedures

application

Working with Local IT/EHR
Personnel

for QI and patient safety research

Provide or identify well-trained clinical informatics personnel to
assist organizations in extracting key clinical and administrative data quate coverage for quality improvement (QI) and patient safety

Develop and integrate 2-factor authentication into existing EHR login Develop policies requiring 2-factor authentication, distribute

remote access tokens, train clinicians to use them

Develop and distribute current data dictionaries and create applica- Provide basic clinical informatics training to key IT personnel;
tion programming interfaces for key data items used in the EHR

create clinical data warehouses to facilitate access to clinical
and administrative data
Re-prioritize IT staffing or add dedicated staff to ensure ade-

research support




E. Russo et al. / Healthcare 4 (2016) 285-290

References

—_

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24,

25.

26.

27.

28.

29.

30.

. Blumenthal D. Launching HITECH. N Engl | Med. 2010;362(5):382-385.
. Health IT Patient Safety Action & Surveillance Plan 2013 Jul 2. Available from

(http://www.healthit.gov/sites/default/files/safety_plan_master.pdf).

. Institute of Medicine. Crossing the Quality Chasm: A New Health System for the

21st Century. Washington, D.C: National Academies Press; 2001.

. IOM National Research Council. Health IT and Patient Safety: Building Safer

Systems for Better Care. The National Academies Press,; 2012.

. Institute of Medicine. To Err Is Human: Building a Safer Health System. Wa-

shington, D.C: National Academy Press.; 1999.

. Jha AK, Classen DC. Getting moving on patient safety-harnessing electronic

data for safer care. N Engl | Med. 2011 10;365(19):1756-1758.

. Jones SS, Rudin RS, Perry T, Shekelle PG. Health information technology: an

updated systematic review with a focus on meaningful use. Ann Intern Med.
2014;160(1):48-54.

. Singh H, Wilson L, Petersen L, et al. Improving follow-up of abnormal cancer

screens using electronic health records: trust but verify test result commu-
nication. BMC Med Inform Decis Mak. 2009;9:49.

. Singh H, Thomas EJ, Mani S, et al. Timely follow-up of abnormal diagnostic

imaging test results in an outpatient setting: are electronic medical records
achieving their potential? Arch Intern Med. 2009;169(17):1578-1586.

Wahls T, Haugen T, Cram P. The continuing problem of missed test results in an
integrated health system with an advanced electronic medical record. Jt Comm ]
Qual Patient Saf. 2007;33(8):485-492.

Kaushal R, Shojania KG, Bates DW. Effects of computerized physician order
entry and clinical decision support systems on medication safety: a systematic
review. Arch Intern Med. 2003;163(12):1409-1416.

El-Kareh R, Hasan O, Schiff GD. Use of health information technology to reduce
diagnostic errors. BMJ Qual Saf. 2013;22(Suppl 2):ii40-ii51.

Chaudhry B, Wang ], Wu S, et al. Systematic review: impact of health in-
formation technology on quality, efficiency, and costs of medical care. Ann In-
tern Med. 2006;144(10):742-752.

Ash JS, Berg M, Coiera E. Some unintended consequences of information
technology in health care: the nature of patient care information system-re-
lated errors. ] Am Med Inf Assoc. 2004;11(2):104-112.

Hansen MM, Miron-Shatz T, Lau AY, Paton C. Big Data in Science and Healthcare:
A Review of Recent Literature and Perspectives. Contribution of the IMIA Social
Media Working Group. Yearb.MEd.Inform. 2014;9:21-26.

Bates DW, Evans RS, Murff H, Stetson PD, Pizziferri L, Hripcsak G. Detecting
adverse events using information technology. ] Am Med Inform Assoc. 2003;10
(2):115-128.

Murphy DR, Wu L, Forjuoh SN, Meyer AN, Singh H. An Electronic Trigger-Based
Intervention to Reduce Delays in Diagnostic Evaluation for Cancer: A Cluster
Randomized Controlled Trial. ] Clin Oncol 2015 Nov 1;33(31):3560-7. http://dx.
doi.org/10.1200/JC0.2015.61.1301. Epub 2015 Aug 24..

Danforth KN, Smith AE, Loo RK, Jacobsen S], Mittman BS, Kanter MH, and on
behalf of the KPSC Outpatient Safety Net Program. Electronic Clinical Surveil-
lance to Improve Outpatient Care: Diverse Applications within an Integrated De-
livery System 2014 [cited 2016 May 9]; 2 Available from (http://repository.aca
demyhealth.org/egems/vol2/iss1/9).

Szekendi MK, Sullivan C, Bobb A, et al. Active surveillance using electronic
triggers to detect adverse events in hospitalized patients. Qual Saf Health Care.
2006;15(3):184-190.

Schiff GD, Kim S, Krosnjar N, et al. Missed hypothyroidism diagnosis uncovered
by linking laboratory and pharmacy data. Arch Intern Med. 2005;165
(5):574-577.

Singh H, Giardina TD, Forjuoh SN, et al. Electronic health record-based sur-
veillance of diagnostic errors in primary care. BMJ Qual Saf. 2012;21(2):93-100.
Tamblyn R, Eguale T, Buckeridge DL, et al. The effectiveness of a new gen-
eration of computerized drug alerts in reducing the risk of injury from drug
side effects: a cluster randomized trial. ] Am Med Inform Assoc. 2012;19
(4):635-643.

Spears GV, Roth CP, Miake-Lye IM, Saliba D, Shekelle PG, Ganz DA. Redesign of
an electronic clinical reminder to prevent falls in older adults. Med Care.
2013;51(3 Suppl 1):537-543.

Purvis S, Brenny-Fitzpatrick M. Innovative use of electronic health record re-
ports by clinical nurse specialists. Clin Nurse Spec. 2010;24(6):289-294.
Sharek PJ, Horbar JD, Mason W, et al. Adverse events in the neonatal intensive
care unit: development, testing, and findings of an NICU-focused trigger tool to
identify harm in North American NICUs. Pediatrics. 2006;118(4):1332-1340.
Patient Safety Indicators Download 2012 Mar, http://www.qualityindicators.
ahrq.gov/modules/psi_overview.aspx. Accessed 2016 June.

Farmer SA, Black B, Bonow RO. Tension between quality measurement, public
quality reporting, and pay for performance. JAMA. 2013;309(4):349-350.
Jollis JG, Ancukiewicz M, DeLong ER, Pryor DB, Muhlbaier LH, Mark DB. Dis-
cordance of databases designed for claims payment versus clinical information
systems. Implications for outcomes research. Ann Intern Med. 1993;119
(8):844-850.

Tang PC, Ralston M, Arrigotti MF, Qureshi L, Graham J. Comparison of meth-
odologies for calculating quality measures based on administrative data versus
clinical data from an electronic health record system: implications for perfor-
mance measures. | Am Med Inform Assoc. 2007;14(1):10-15.

Balas EA, Vernon M, Magrabi F, Gordon LT, Sexton ]. Big data clinical research:
validity, ethics, and regulation. Stud Health Technol Inform. 2015;216:448-452.

31.

32.

33.

34.

35.
36.

37.

38.
39.

40.

41.

42.

43,

44,

45.

46.

47.

48.

49.

50.

51.

52.

53.

54.

55.

56.

57.

58.

59.

60.

61.

62.

63.

64.

65.

66.

289

Raghupathi W, Raghupathi V. Big data analytics in healthcare: promise and
potential. Health Inf Sci Syst. 2014;2:3.

Sittig DF, Singh H. Electronic health records and national patient-safety goals. N
Engl ] Med. 2012;367(19):1854-1860.

Singh H, Wilson L, Reis B, Sawhney MK, Espadas D, Sittig DF. Ten Strategies to
Improve Management of Abnormal Test Result Alerts in the Electronic Health
Record. J Patient Saf. 2010 Jun;6(2):121-3.

Ball JR, Balogh E. Improving diagnosis in health care: highlights of a report from
the National Academies of Sciences, Engineering, and Medicine. Ann Intern
Med. 2015 Sep 29.

Institute of Medicine (IOM). Improving Diagnosis in Health Care. 2015 Sep 22.
Murphy DR, Meyer AN, Bhise V, et al. Computerized triggers of big data to
detect delays in follow-up of chest imaging results. Chest 2016 May 10;Epub
ahead of print.

Sittig DF, Singh H. A new sociotechnical model for studying health information
technology in complex adaptive healthcare systems. Qual Saf Health Care.
2010;19(Suppl 3):i68-i74.

EHR Incentive Program. In: (www.cms.gov) [electronic mail system]; 2012.
Wright A, Henkin S, Feblowitz ], McCoy AB, Bates DW, Sittig DF. Early results of
the meaningful use program for electronic health records. N Engl ] Med.
2013;368(8):779-780.

Weng C, Hoxha ], Chandar P, He Z, Hanauer D, Cimino JJ. DREAM: classification
scheme for dialog acts in clinical research query mediation. | Biomed Inform.
2016.

Hoxha ], Chandar P, He Z, Cimino ], Hanauer D, Weng C. DREAM: Classification
scheme for dialog acts in clinical research query mediation. ] Biomed Inform.
2015 Nov 30.

Health Insurance Portability and Accountability Act: Acces of Individuals to Pro-
tected Health Information. 45 CFR § 164.524; 1996.

Terhune C. UCLA Health System Data Breach Affects 4.5 Million Patients; 2016 Jul
17 [cited 2016 Feb 9].

Guide to Privacy and Security of Electronic Health Information. v.2. 2015. Office of
the National Coordinator for HIT. 2-29-2016. Ref Type: Pamphlet.

Sittig DF, Singh H. A socio-technical approach to preventing, mitigating, and
recovering from ransomware attacks. Appl Clin Inform. 2016.

Burr WE, Dodson DF, Newton EM, et al. Electronic Authentication Guideline. 2013
Aug. Report No.: NIST Special Publication 800-63-2.

Fernandez-Aleman JL, Senor IC, Lozoya PA, Toval A. Security and privacy in
electronic health records: a systematic literature review. J Biomed Inform.
2013;46(3):541-562.

Hovenga E, Grain H. An information paradigm shift is required to realize EHR
benefits. Stud Health Technol Inform. 2015;216:26-29.

Nguyen L, Bellucci E, Nguyen LT. Electronic health records implementation: an
evaluation of information system impact and contingency factors. Int ] Med
Inform. 2014;83(11):779-796.

SAFER Electronic Health Records: Safety Assurance Factors for EHR Resilience.
Waretown, New Jersey: Apple Academic Press; 2015.

Gandhi TK, Kachalia A, Thomas EJ, et al. Missed and delayed diagnoses in the
ambulatory setting: a study of closed malpractice claims. Ann Intern Med.
2006;145(7):488-496.

Murphy DR, Thomas EJ, Meyer AN, Singh H. Development and validation of
electronic health record-based triggers to detect delays in follow-up of ab-
normal lung imaging findings. Radiology. 2015:142530.

Medical Informatics at the University of Utah: Applying Research to Real-Life Issues
Gardner RM. MD Computing; 1999.

Murphy SN, Weber G, Mendis M, et al. Serving the enterprise and beyond with
informatics for integrating biology and the bedside (i2b2). ] Am Med Inform
Assoc. 2010;17(2):124-130.

Frankovich ], Longhurst CA, Sutherland SM. Evidence-based medicine in the
EMR era. N Engl ] Med. 2011 10;365(19):1758-1759.

Ash ]S, Anderson NR, Tarczy-Hornoch P. People and organizational issues in
research systems implementation. | Am Med Inform Assoc. 2008;15(3):283-289.
Mantas ], Ammenwerth E, Demiris G, et al. Recommendations of the Interna-
tional Medical Informatics Association (IMIA) on Education in Biomedical and
Health Informatics. First revision. Methods Inf Med. 2010;49(2):105-120.

Singh H, Sittig DF. Measuring and improving patient safety through health
information technology: the Health IT Safety Framework. BMJ Qual Saf. 2015;25
(4):226-232.

Horvath MM, Rusincovitch SA, Brinson S, Shang HC, Evans S, Ferranti JM.
Modular design, application architecture, and usage of a self-service model for
enterprise data delivery: the Duke Enterprise Data Unified Content Explorer
(DEDUCE). J Biomed Inform. 2014;52:231-242.

Institute of Medicine (IOM). Engineering a Learning Healthcare System: A Look at
the Future: Workshop Summary 2011 [cited 2016 Jan 4] [Available from] (http://
www.nap.edu/openbook.php?record_id=12213&page=R2).

University of Michigan School of Information. https://www.si.umich.edu/. Ac-
cessed 2016 May.

Stanford University Biomedical Data Science Initiative 2016. https://med.stan
ford.edu/bdsi.html. Accessed 2016 May.

Dartmouth University Department of Biomedical Data Science. https://bmds.
dartmouth.edu/. Accessed 2016 May.

University of California San Francisco Clinical and Translational Science In-
stitute. https://ctsi.ucsf.edu/. Accessed 2016 May.

Washington University Center for Biomedical Informatics. http://cbmi.wustl.
edu/. Accessed 2016 May.

Mandel JC, Kreda DA, Mandl KD, Kohane IS, Ramoni RB. SMART on FHIR: a


http://refhub.elsevier.com/S2213-0764(15)30090-7/sbref1
http://refhub.elsevier.com/S2213-0764(15)30090-7/sbref1
http://www.healthit.gov/sites/default/files/safety_plan_master.pdf
http://refhub.elsevier.com/S2213-0764(15)30090-7/sbref2
http://refhub.elsevier.com/S2213-0764(15)30090-7/sbref2
http://refhub.elsevier.com/S2213-0764(15)30090-7/sbref3
http://refhub.elsevier.com/S2213-0764(15)30090-7/sbref3
http://refhub.elsevier.com/S2213-0764(15)30090-7/sbref4
http://refhub.elsevier.com/S2213-0764(15)30090-7/sbref4
http://refhub.elsevier.com/S2213-0764(15)30090-7/sbref5
http://refhub.elsevier.com/S2213-0764(15)30090-7/sbref5
http://refhub.elsevier.com/S2213-0764(15)30090-7/sbref5
http://refhub.elsevier.com/S2213-0764(15)30090-7/sbref6
http://refhub.elsevier.com/S2213-0764(15)30090-7/sbref6
http://refhub.elsevier.com/S2213-0764(15)30090-7/sbref6
http://refhub.elsevier.com/S2213-0764(15)30090-7/sbref6
http://refhub.elsevier.com/S2213-0764(15)30090-7/sbref7
http://refhub.elsevier.com/S2213-0764(15)30090-7/sbref7
http://refhub.elsevier.com/S2213-0764(15)30090-7/sbref7
http://refhub.elsevier.com/S2213-0764(15)30090-7/sbref8
http://refhub.elsevier.com/S2213-0764(15)30090-7/sbref8
http://refhub.elsevier.com/S2213-0764(15)30090-7/sbref8
http://refhub.elsevier.com/S2213-0764(15)30090-7/sbref8
http://refhub.elsevier.com/S2213-0764(15)30090-7/sbref9
http://refhub.elsevier.com/S2213-0764(15)30090-7/sbref9
http://refhub.elsevier.com/S2213-0764(15)30090-7/sbref9
http://refhub.elsevier.com/S2213-0764(15)30090-7/sbref9
http://refhub.elsevier.com/S2213-0764(15)30090-7/sbref10
http://refhub.elsevier.com/S2213-0764(15)30090-7/sbref10
http://refhub.elsevier.com/S2213-0764(15)30090-7/sbref10
http://refhub.elsevier.com/S2213-0764(15)30090-7/sbref10
http://refhub.elsevier.com/S2213-0764(15)30090-7/sbref11
http://refhub.elsevier.com/S2213-0764(15)30090-7/sbref11
http://refhub.elsevier.com/S2213-0764(15)30090-7/sbref11
http://refhub.elsevier.com/S2213-0764(15)30090-7/sbref12
http://refhub.elsevier.com/S2213-0764(15)30090-7/sbref12
http://refhub.elsevier.com/S2213-0764(15)30090-7/sbref12
http://refhub.elsevier.com/S2213-0764(15)30090-7/sbref12
http://refhub.elsevier.com/S2213-0764(15)30090-7/sbref13
http://refhub.elsevier.com/S2213-0764(15)30090-7/sbref13
http://refhub.elsevier.com/S2213-0764(15)30090-7/sbref13
http://refhub.elsevier.com/S2213-0764(15)30090-7/sbref13
http://refhub.elsevier.com/S2213-0764(15)30090-7/sbref14
http://refhub.elsevier.com/S2213-0764(15)30090-7/sbref14
http://refhub.elsevier.com/S2213-0764(15)30090-7/sbref14
http://refhub.elsevier.com/S2213-0764(15)30090-7/sbref14
http://dx.doi.org/10.1200/JCO.2015.61.1301
http://dx.doi.org/10.1200/JCO.2015.61.1301
http://repository.academyhealth.org/egems/vol2/iss1/9
http://repository.academyhealth.org/egems/vol2/iss1/9
http://refhub.elsevier.com/S2213-0764(15)30090-7/sbref15
http://refhub.elsevier.com/S2213-0764(15)30090-7/sbref15
http://refhub.elsevier.com/S2213-0764(15)30090-7/sbref15
http://refhub.elsevier.com/S2213-0764(15)30090-7/sbref15
http://refhub.elsevier.com/S2213-0764(15)30090-7/sbref16
http://refhub.elsevier.com/S2213-0764(15)30090-7/sbref16
http://refhub.elsevier.com/S2213-0764(15)30090-7/sbref16
http://refhub.elsevier.com/S2213-0764(15)30090-7/sbref16
http://refhub.elsevier.com/S2213-0764(15)30090-7/sbref17
http://refhub.elsevier.com/S2213-0764(15)30090-7/sbref17
http://refhub.elsevier.com/S2213-0764(15)30090-7/sbref17
http://refhub.elsevier.com/S2213-0764(15)30090-7/sbref18
http://refhub.elsevier.com/S2213-0764(15)30090-7/sbref18
http://refhub.elsevier.com/S2213-0764(15)30090-7/sbref18
http://refhub.elsevier.com/S2213-0764(15)30090-7/sbref18
http://refhub.elsevier.com/S2213-0764(15)30090-7/sbref18
http://refhub.elsevier.com/S2213-0764(15)30090-7/sbref19
http://refhub.elsevier.com/S2213-0764(15)30090-7/sbref19
http://refhub.elsevier.com/S2213-0764(15)30090-7/sbref19
http://refhub.elsevier.com/S2213-0764(15)30090-7/sbref19
http://refhub.elsevier.com/S2213-0764(15)30090-7/sbref20
http://refhub.elsevier.com/S2213-0764(15)30090-7/sbref20
http://refhub.elsevier.com/S2213-0764(15)30090-7/sbref20
http://refhub.elsevier.com/S2213-0764(15)30090-7/sbref21
http://refhub.elsevier.com/S2213-0764(15)30090-7/sbref21
http://refhub.elsevier.com/S2213-0764(15)30090-7/sbref21
http://refhub.elsevier.com/S2213-0764(15)30090-7/sbref21
http://www.qualityindicators.ahrq.gov/modules/psi_overview.aspx
http://www.qualityindicators.ahrq.gov/modules/psi_overview.aspx
http://refhub.elsevier.com/S2213-0764(15)30090-7/sbref22
http://refhub.elsevier.com/S2213-0764(15)30090-7/sbref22
http://refhub.elsevier.com/S2213-0764(15)30090-7/sbref22
http://refhub.elsevier.com/S2213-0764(15)30090-7/sbref23
http://refhub.elsevier.com/S2213-0764(15)30090-7/sbref23
http://refhub.elsevier.com/S2213-0764(15)30090-7/sbref23
http://refhub.elsevier.com/S2213-0764(15)30090-7/sbref23
http://refhub.elsevier.com/S2213-0764(15)30090-7/sbref23
http://refhub.elsevier.com/S2213-0764(15)30090-7/sbref24
http://refhub.elsevier.com/S2213-0764(15)30090-7/sbref24
http://refhub.elsevier.com/S2213-0764(15)30090-7/sbref24
http://refhub.elsevier.com/S2213-0764(15)30090-7/sbref24
http://refhub.elsevier.com/S2213-0764(15)30090-7/sbref24
http://refhub.elsevier.com/S2213-0764(15)30090-7/sbref25
http://refhub.elsevier.com/S2213-0764(15)30090-7/sbref25
http://refhub.elsevier.com/S2213-0764(15)30090-7/sbref25
http://refhub.elsevier.com/S2213-0764(15)30090-7/sbref26
http://refhub.elsevier.com/S2213-0764(15)30090-7/sbref26
http://refhub.elsevier.com/S2213-0764(15)30090-7/sbref27
http://refhub.elsevier.com/S2213-0764(15)30090-7/sbref27
http://refhub.elsevier.com/S2213-0764(15)30090-7/sbref27
http://refhub.elsevier.com/S2213-0764(15)30090-7/sbref28
http://refhub.elsevier.com/S2213-0764(15)30090-7/sbref28
http://refhub.elsevier.com/S2213-0764(15)30090-7/sbref28
http://refhub.elsevier.com/S2213-0764(15)30090-7/sbref28
http://www.cms.gov
http://refhub.elsevier.com/S2213-0764(15)30090-7/sbref29
http://refhub.elsevier.com/S2213-0764(15)30090-7/sbref29
http://refhub.elsevier.com/S2213-0764(15)30090-7/sbref29
http://refhub.elsevier.com/S2213-0764(15)30090-7/sbref29
http://refhub.elsevier.com/S2213-0764(15)30090-7/sbref30
http://refhub.elsevier.com/S2213-0764(15)30090-7/sbref30
http://refhub.elsevier.com/S2213-0764(15)30090-7/sbref30
http://refhub.elsevier.com/S2213-0764(15)30090-7/sbref31
http://refhub.elsevier.com/S2213-0764(15)30090-7/sbref31
http://refhub.elsevier.com/S2213-0764(15)30090-7/sbref31
http://refhub.elsevier.com/S2213-0764(15)30090-7/sbref31
http://refhub.elsevier.com/S2213-0764(15)30090-7/sbref32
http://refhub.elsevier.com/S2213-0764(15)30090-7/sbref32
http://refhub.elsevier.com/S2213-0764(15)30090-7/sbref32
http://refhub.elsevier.com/S2213-0764(15)30090-7/sbref33
http://refhub.elsevier.com/S2213-0764(15)30090-7/sbref33
http://refhub.elsevier.com/S2213-0764(15)30090-7/sbref33
http://refhub.elsevier.com/S2213-0764(15)30090-7/sbref33
http://refhub.elsevier.com/S2213-0764(15)30090-7/sbref34
http://refhub.elsevier.com/S2213-0764(15)30090-7/sbref34
http://refhub.elsevier.com/S2213-0764(15)30090-7/sbref34
http://refhub.elsevier.com/S2213-0764(15)30090-7/sbref34
http://refhub.elsevier.com/S2213-0764(15)30090-7/sbref35
http://refhub.elsevier.com/S2213-0764(15)30090-7/sbref35
http://refhub.elsevier.com/S2213-0764(15)30090-7/sbref35
http://refhub.elsevier.com/S2213-0764(15)30090-7/sbref36
http://refhub.elsevier.com/S2213-0764(15)30090-7/sbref36
http://refhub.elsevier.com/S2213-0764(15)30090-7/sbref36
http://refhub.elsevier.com/S2213-0764(15)30090-7/sbref36
http://refhub.elsevier.com/S2213-0764(15)30090-7/sbref37
http://refhub.elsevier.com/S2213-0764(15)30090-7/sbref37
http://refhub.elsevier.com/S2213-0764(15)30090-7/sbref37
http://refhub.elsevier.com/S2213-0764(15)30090-7/sbref38
http://refhub.elsevier.com/S2213-0764(15)30090-7/sbref38
http://refhub.elsevier.com/S2213-0764(15)30090-7/sbref38
http://refhub.elsevier.com/S2213-0764(15)30090-7/sbref39
http://refhub.elsevier.com/S2213-0764(15)30090-7/sbref39
http://refhub.elsevier.com/S2213-0764(15)30090-7/sbref39
http://refhub.elsevier.com/S2213-0764(15)30090-7/sbref39
http://refhub.elsevier.com/S2213-0764(15)30090-7/sbref40
http://refhub.elsevier.com/S2213-0764(15)30090-7/sbref40
http://refhub.elsevier.com/S2213-0764(15)30090-7/sbref40
http://refhub.elsevier.com/S2213-0764(15)30090-7/sbref40
http://refhub.elsevier.com/S2213-0764(15)30090-7/sbref41
http://refhub.elsevier.com/S2213-0764(15)30090-7/sbref41
http://refhub.elsevier.com/S2213-0764(15)30090-7/sbref41
http://refhub.elsevier.com/S2213-0764(15)30090-7/sbref41
http://refhub.elsevier.com/S2213-0764(15)30090-7/sbref41
http://www.nap.edu/openbook.php?record_id=12213&page=R2
http://www.nap.edu/openbook.php?record_id=12213&page=R2
http://www.nap.edu/openbook.php?record_id=12213&page=R2
http://www.nap.edu/openbook.php?record_id=12213&page=R2
http://www.nap.edu/openbook.php?record_id=12213&page=R2
http://www.nap.edu/openbook.php?record_id=12213&page=R2
http://www.nap.edu/openbook.php?record_id=12213&page=R2
http://www.nap.edu/openbook.php?record_id=12213&page=R2
http://www.nap.edu/openbook.php?record_id=12213&page=R2
https://www.si.umich.edu/
https://med.stanford.edu/bdsi.html
https://med.stanford.edu/bdsi.html
https://bmds.dartmouth.edu/
https://bmds.dartmouth.edu/
https://ctsi.ucsf.edu/
http://cbmi.wustl.edu/
http://cbmi.wustl.edu/

290 E. Russo et al. / Healthcare 4 (2016) 285-290

standards-based, interoperable apps platform for electronic health records. J
Am Med Inform Assoc. 2016 Feb 17.

67. Alterovitz G, Warner ], Zhang P, et al. SMART on FHIR Genomics: facilitating
standardized clinico-genomic apps. ] Am Med Inform Assoc. 2015;22
(6):1173-1178.

68. Cohen B, Vawdrey DK, Liu ], et al. Challenges associated with using large data
sets for quality assessment and research in clinical settings. Policy Polit Nurs
Pract. 2015 Sep 8.

Funding

Dr. Singh is supported by the VA Health Services Research and
Development Service (CRE 12-033; Presidential Early Career
Award for Scientists and Engineers USA 14-274), the VA National
Center for Patient Safety, the Agency for Health Care Research and
Quality (RO1HS022087 and R21HS023602), and the Houston VA
HSR&D Center for Innovations in Quality, Effectiveness and Safety
(CIN 13-413). Drs. Sittig and Singh are supported in part by a grant
from the Agency for Health Care Research and Quality (P30
HS024459).

Conflict of interest statement

This statement accompanies the article Challenges in patient
safety improvement research in the era of electronic health
records, authored by Hardeep Singh and co-authored by Elise
Russo, Dean F. Sittig, Daniel R. Murphy and submitted to Health-
care as an Article Type. Authors collectively affirm that this
manuscript represents original work that has not been published
and is not being considered for publication elsewhere.We also
affirm that all authors listed contributed significantly to the pro-
ject and manuscript. Furthermore we confirm that none of our
authors have disclosures and we declare no conflict of interest.

Consultant arrangements: None
Stock/other equity ownership: None
Patent licensing arrangements: None
Grants/research support: None
Speakers' bureau: None

Expert witness: None.


http://refhub.elsevier.com/S2213-0764(15)30090-7/sbref42
http://refhub.elsevier.com/S2213-0764(15)30090-7/sbref42
http://refhub.elsevier.com/S2213-0764(15)30090-7/sbref42
http://refhub.elsevier.com/S2213-0764(15)30090-7/sbref42

	Challenges in patient safety improvement research in the era of electronic health records
	Introduction
	A case study: Patient safety research in EHR-based clinical settings
	Challenges in gaining approval for researchers to access/review EHR data
	Restrictions on remote access and review personnel
	Restrictions on type of access
	Restrictions on network connection

	Challenges in interpreting EHR data
	Challenges in working with local IT/EHR personnel
	Key lessons
	Path forward
	References
	Funding
	Conflict of interest statement




