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ABSTRACT

Objective: The study sought to provide physicians, informaticians, and institutional policymakers with an intro-

ductory tutorial about the history of medical documentation, sources of clinician burnout, and opportunities to

improve electronic health records (EHRs). We now have unprecedented opportunities in health care, with the

promise of new cures, improved equity, greater sensitivity to social and behavioral determinants of health, and

data-driven precision medicine all on the horizon. EHRs have succeeded in making many aspects of care safer

and more reliable. Unfortunately, current limitations in EHR usability and problems with clinician burnout dis-

tract from these successes. A complex interplay of technology, policy, and healthcare delivery has contributed

to our current frustrations with EHRs. Fortunately, there are opportunities to improve the EHR and health sys-

tem. A stronger emphasis on improving the clinician’s experience through close collaboration by informati-

cians, clinicians, and vendors can combine with specific policy changes to address the causes of burnout.

Target audience: This tutorial is intended for clinicians, informaticians, policymakers, and regulators, who are

essential participants in discussions focused on improving clinician burnout. Learners in biomedicine, regard-

less of clinical discipline, also may benefit from this primer and review.

Scope: We include (1) an overview of medical documentation from a historical perspective; (2) a summary of

the forces converging over the past 20 years to develop and disseminate the modern EHR; and (3) future oppor-

tunities to improve EHR structure, function, user base, and time required to collect and extract information.
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INTRODUCTION

By every measure, the transition away from paper-based records is

completed. Greater than 95% of acute care and 85% of outpatient

practices use a basic or certified electronic health record (EHR).1,2

The transition was fueled by concern about variable healthcare

quality in the United States and computer technology’s potential to

stave off an epidemic of medical errors, which drove decades of

work by world-renowned informaticians and led to federal incen-

tives to encourage adoption and meaningful use. In the period fol-

lowing the creation of the Meaningful Use criteria,3 EHR use

accelerated at a remarkable pace; office-based physician adoption

of EHRs rose from 18% in 2001 to 85.9% in 2017. As a result,

patients have better access to their providers and their data

through secure messaging and patient portal access.4 Physician sat-

isfaction with current HER technology is favorable in scattered

practices. A recent study from Williams et al5 found generally posi-

tive overall satisfaction, with perceived efficiency gains most asso-

ciated with EHR satisfaction.
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Unfortunately, this transition has been negatively associated

with clinician wellness, standing in stark contrast to the anticipated

positive effects of electronic medical records.6–8 Much of what we

experience today is the result of the rapid adoption by physicians un-

familiar with this technology before its adoption was incentivized.

For a time, this obscured any appetite for future innovation, al-

though hints of the changes that may lie ahead are now becoming

apparent.

Don Berwick has organized the past, present, and future of

health care into 3 eras: an era of professional dominance, an era of

accountability and market theory, and a moral era in which there is

greater transparency, civility, and the rejection of greed.9 As summa-

rized in Figure 1, the state of EHR development follows a similar

course to that of health care in Berwick’s eras, with the recent impo-

sition of technology onto clinical workflows affecting physicians,

nurses, pharmacists, and others, for whom clinical data entry

expends effort with what appears to them to be little impact on clini-

cal care. By situating the current moment within 3 eras covering cen-

turies of medical information management and changing dimensions

of disease and dis-ease, we draw attention to the dynamism of our

current state and the criteria for meaningful reform.

THE ERA OF ENLIGHTENMENT

The modern EHR—including its form, content, and application to

myriad research questions—draws on a variety of important histori-

cal antecedents. Medical documentation played a pivotal role in our

current understanding of health and disease, evolving from a pri-

marily educational tool to a document essential to patient care and

clinical research. These possibilities developed first in Antiquity,

with the transition from oral to written medical education tradi-

tions. For Hippocrates (ca. 460-370 BCE) and his disciples, report-

ing on individual patients promoted knowledge of diseases and their

natural history. This kind of knowledge became an important part

of Hippocratic practitioners’ claims to authority over the diverse ar-

ray of barbers and surgeons patients encountered in the market-

place, where medicine was often practiced in public view.10

Centuries later, Galen (130-210 CE) extolled the virtue of closely

studying masters and their books, linking knowledge of their texts

to the competency of healers.11

The growth of the university heralded the expansion and formal-

ization of documentation on patients. By the late medieval period,

medical consilia emerged as a more standardized way of document-

ing individual consultations on patients.12 The typical consilium

was a brief case report, consisting of some statement about the pa-

tient, perhaps including their name, sex, age, occupation, or resi-

dence, before the author described the patient’s diagnosis.

Treatments were commonly offered, including recipes for therapies.

Consilia became an important part of curricula at universities, as

when Michele Savonarola (ca. 1385-1466) emphasized their use in

mastering the practice of medicine.13 For Savonarola and his

contemporaries, consilia made knowledge practical by adding detail

to the traditionally theoretical curriculum emphasizing the works of

authorities like Hippocrates, Aristotle (383-323 BCE), Galen, Al-

Rhazes (854-932 CE), and others.

By the 18th and 19th centuries, the growth of hospitals ushered

in an era of systematized patient data review, fully endorsed by med-

ical professionals. Hospitals delivered more comprehensive care,

allowing a new epidemiological perspective on disease.14 New forms

of notetaking about—and thus thinking about—patients flourished.

Autopsy records adhered to a standardized form, allowing seminal

work by luminaries such as Xavier Bichat (1771-1802) to establish

linkages between the effects of therapies on patients. Although still

grounded in handwritten hospital admission registers and postmor-

tem diagnoses, the perspective of physicians now telescoped from

macroscopic to microscopic, and from hospital epidemiology to in-

dividual patient stories and course. Documentation led to new kinds

of questions about health and disease.

By the 20th century, complexity became a defining characteristic

of medical records, eventually outstripping the ability of traditional

Figure 1. Timeline for electronic health record development and documentation, aligned with Berwick’s health system eras.9
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paper charts to meet the demands of day-to-day clinical work, let

alone the needs of clinical researchers. For much of the early to mid-

20th century, patients’ charts filled increasingly with consultants’

notes, diagnostic reports, and various forms, all usually organized

by the document’s source or type. Toward the latter third of the

20th century, Lawrence Weed recognized the difficulty of under-

standing the patient’s story with the current source-based approach

and recommended a move toward a problem-oriented medical re-

cord.15 Weed viewed a problem-based organization of the patient’s

chart as instrumental to producing clearer thinking about the

patient’s diagnoses and care. In his view, this reorganization was, in

turn, better suited to computerizing the patient’s record.

Early electronic systems appeared in the 1960s. These systems

showed promise, but unlike the transition from oral to written

records, the shift from written to digital documentation created an

easily extensible platform for data collection through forms, re-

quired text fields, and interrupting workflow to ensure data were ac-

curate and complete. A diverse cast of stakeholders saw this

potential, with professional societies including the American Medi-

cal Association, the American Association of Medical Record

Librarians, and the Institute of Medicine contributing important

criticisms and recommendations. Home-grown systems, developed

primarily by physician engineers, carefully integrated some of these

recommendations, with attention to their impact on physicians and

nurses. Large hospital systems such as the Veterans Health Adminis-

tration garnered praise for bringing electronic records into wide

(mostly inpatient) clinical use.

The rationale for present-day EHRs was coming into focus.

Companies including TDS, Epic, and Cerner successfully created

commercial versions of these systems.16 As summarized in the Insti-

tute of Medicine report The Computer-Based Patient Record: An

Essential Technology for Health Care (CPR Report),17 paper

records suffered from problems with legibility, record loss, missing

data, and volatility. Physicians, pharmacists, researchers, and nurses

were among those often overlooking valuable clinical data because

of the paper chart’s organization. The report stressed that a focus on

data sources rather than patients (eg, physicians, nurses, monitors)

limited the usefulness of the chart as a tool of clinical decision-

making and research. As Morris Collen noted, there was now an

emerging need, not for a computerized medical record but rather for

computer-based patient records capable of supporting individual

care while adding sequentially to the knowledge base for population

health management.18 For Collen, the shift to this kind of system

held enough promise for modern health care as to render its technol-

ogy essential. The Institute’s subsequent research also summarized

primary and secondary uses of the EHR (shown in Table 1), captur-

ing the enormous potential for use beyond clinical care that an elec-

tronic system had in comparison with a written record.

By the close of the 20th century, the first hints of a cost to front-

line clinicians resulting from the shift toward electronic records was

beginning to show. Limited computational power at that time basi-

cally prioritized critical clinical functions over a “simple-to-use, or a

nearly intuitive, human interface.”20 As computational power in-

creased, the focus stayed on technical and clinical quality and safety

dimensions, rather than more seriously addressing challenges related

to usability and workflow integration. This focus assumed that the

time demands and additional stresses on physicians were offset by

benefits, but as Ted Hughes noted, “Nothing is free.”21

Where clinicians originally designed their written records during

Berwick’s era of professional dominance, EHRs were designed by

committee, and were not constrained by the limitations of paper.

Even when records were historically put to other uses—as was the

case in Bichat’s morbid pathology—the impact on clinicians was

minimal, especially compared with the shift toward data entry that

the EHR imposed.22

The result decoupled the process of clinical record keeping from

patient care. Combined with a shift toward lengthier documentation

attributable to requirements in billing23 and defensive documenta-

tion due to legal concerns,24 updating patient charts began to feel ir-

relevant to clinical needs, which was “off-putting” to physicians.

Notably, despite the preponderance of encouraging EHR re-

search, at least 1 meta-analysis challenged the notion of EHRs being

ready for widespread dissemination by recognizing that the most

compelling literature supporting EHR adoption came from a small

number of benchmark institutions with homegrown EHRs, with lit-

tle evidence available on the effect of commercially developed sys-

tems.25 The reluctance of physicians at the University of Virginia to

comply initially with an institutional decision to adopt an inpatient

EHR provided a glimpse into what was to come.26

THE ERA OF ENTANGLEMENT

Two other forcing functions led to present-day concerns. First, sev-

eral reports from the Institute of Medicine provided EHR-enhancing

recommendations. To Err is Human noted, “As health care and the

system that delivers it become more complex, the opportunities for

errors abound. We must systematically design safety into processes

of care.”27 Crossing the Quality Chasm proclaimed the central role

of the EHR as the effector arm of quality initiatives by stating that

“We must foster disseminating and applying knowledge to practice,

the use of information technology in clinical care, and payment poli-

cies that reward performance.”28 The authors of Patient Safety,

Achieving a New Standard for Care similarly stressed that “We de-

scribe a vision of patient safety systems integrated with clinical in-

formation systems and recommend strategies to create data

standards that support that vision.”29 Finally, in Preventing Medica-

tion Errors, safety again figured prominently: “We must create a cli-

mate and infrastructure to continuously learn about and improve

the safety of the medication-use process.”30 The authors of these

reports, which included biomedical informatics experts, all sought

to improve health care by collecting and using data to guide decision

making and quality improvement.

Second, these federal government recommendations catalyzed

the formation of the Office of the National Coordinator for Health

Information Technology (ONC) and, later, the American Recovery

and Reinvestment Act/Health Information Technology for Eco-

nomic and Clinical Health Act of 2009. Additional policies and reg-

ulations relied on EHR functionality to create physician

accountability for services delivered and for quality of care. These

Table 1. Primary and secondary uses of an electronic health record

system

Primary uses Secondary uses

� Patient care delivery � Education

� Patient care management � Regulation

� Patient care support processes � Research

� Financial and administrative � Public health and homeland security

� Processes � Policy support

� Patient self-management

Adapted, with permission, from the Institute of Medicine Committee on

Data Standards for Patient Safety.19
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polices included the creation of Evaluation and Management coding

guidelines in 1995, the Physician Quality Reporting System in 2006,

and the Primary Care Incentive Program in 2011. Later, the Merit-

based Incentive Payment System and the Medicare Access and CHIP

Reauthorization Act added additional documentation requirements

that annealed themselves to EHR-centric physician and nursing

workflow.31 The effects have been startling; recent data show a 3-

to 5-fold increase in U.S. progress note length as compared with

other countries.23 Considerable administrative costs are now de-

voted to billing and insurance-related activities.32 Data also suggest

that two-thirds of physician office time is spent on EHR work,33,34

quantifying clinical workforce effort in response to these new man-

dates. As EHR technology became widespread and computational

power increased, biomedical informatics researchers could demon-

strate the power of EHR data and realize the secondary uses such as

education,35 research,36–38 and public health39 outlined in Table 1.

The birth of data science as a discipline and the resurgence of artifi-

cial intelligence in medicine also depended on EHR technology.

Meaningful use of the EHR was double-edged sword—incentiv-

izing the rapid adoption of EHR technology1 while also creating,

through EHR certification mandates, an environment in which

newly required features were entangled into an already complex and

highly-regulated industry.23,40 Pressure to conform to new require-

ments and implementation timelines forced many successful home-

grown EHRs to be replaced with commercial EHR products.41 The

well-described phenomenon of cut and paste and “note bloat” that

began in this century23 originated with the concern that visit sum-

maries submitted to payers and regulators needed to include all

byproducts of care completed and documented by other providers.

A careful inspection of the minor points in the same Institute of

Medicine books that recommended EHRs reveals some insight into

this conundrum. For example, the To Err is Human report notes

that safety was compromised by an over-reliance on technology.

Likewise, Crossing the Quality Chasm addressed many challenges

to the quality framework but briefly acknowledged the quality risks

associated with EHR. Other literature of the time, including Kop-

pel’s seminal article about errors caused by EHR technology,42 fore-

told a less optimistic possible outcome. As EHRs became more

widespread, clinicians often circumvented their limitations to deliver

quality care.43,44

Likely causes of the challenges with today’s EHR can readily be

mapped to the characteristics of the time according to Berwick, with

its emphasis on measurement of quality metrics, incentives to im-

prove quality, doubt about the truth of claims, and scrutiny about

the content of the visit. Programs like Meaningful Use and their reli-

ance on measurement and incentives have been described previously.

Doubt and scrutiny were typically manifest by payers. Vogel and

Goldberg remind us that the False Claims Act (a Civil War–era Act

incentivizing the reporting of undelivered claims) was available to

penalize practices committing healthcare fraud.45,46 The desire to

implement quality improvement led to additional scrutiny, manifest

as checkboxes in EHR forms to denote what was or was not done.

For example, as pay-for-performance programs emerged, documen-

tation about performance of screening tests became important. For

example, a woman seen in primary care might be a candidate for a

screening mammogram. This test might not be ordered for many

reasons, some of which are substandard care, others of which are

due to some contraindication (eg, having had a bilateral mastec-

tomy). In response to the variability, EHR forms began including

metadata checkboxes to help physicians document the rationale for

the decision not to screen, which pop up when a mammogram is not

ordered as indicated. As Robert Wachter noted, these “clicks” have

accumulated and lengthened the time to complete many common

tasks.47

A third area of entanglement includes what Atul Gawande called

“revenge of the ancillaries.”48 The local implementation of an EHR

required design sessions with local stakeholders. When physicians

were unable to attend these meetings, the meetings continued in

their absence, and often exacerbated the “click” burden by shifting

some of regulatory requirements imposed on the laboratory, the ra-

diology suite, and even the registration and scheduling system, back

to the ordering provider.48

These numerous causes resulted in widespread misalignment of

the technology and the typical clinical workflow. Our path forward

begins with untangling the myriad roles being played by physicians,

patients, and data in our healthcare system.

THE ERA OF ENGAGEMENT

Berwick noted changes that will be necessary to shape a future era

driven by morality in health care. We can draw from his framework

actions that we believe will chart a path forward.

Listen. Really Listen, while protecting civility. In these 2 actions,

we recognize the need for a trusted partnership, with awareness of

the rights, wishes, and concerns of all involved. As noted previously,

the evolution from the Eras of Enlightenment to Entanglement in-

volved various stakeholders who responded to regulation and legis-

lation by impacting EHR design and implementation choices. The

temptation might be to gravitate toward a technological solution—

especially because technology historically carries a special allure for

people inside and outside the informatics specialty—but as Wachter

noted, our focus must remain on reforming precisely those problems

that gave rise to clinician burnout.47 Communication by groups

such as American Medical Informatics Association and the Blue

Ridge Academic Health Group49 will lead to further understanding

by all stakeholders of the role that informaticians, policymakers,

and clinical care teams must play in aligning needs with workable

solutions. Engagement, including a renewed interest in understand-

ing clinicians’ experience using the modern EHR, will be critical to

successfully introducing well-designed clinical information manage-

ment technology. This partnership should look forward, while

reflecting on the work leading up to the CPR Report, when authors

noted the importance of creating a computer-based record, rather

than electronic version of our paper-based chart, out of concerns for

a future very much like the one in which we now live.

Stop excessive measurements. Fundamentally, the challenge with

both excessive measuring and any focus on finance is related to the

“what,” “who,” and “when” of these tasks. Already, ONC is

addressing the “what” of measurement through discussions about

balancing metadata elements with the needs of users generating

those data.50

In terms of the “who” and “when,” technical innovations may

automate some manual documentation requirements. Experiments

by Johnson have demonstrated how EHR audit logs can be used to

code visit activities.51 Finally, thoughtful shifting of some documen-

tation activities to patients could alleviate the burden placed on the

primary care giver in areas such as family history,52 social and be-

havioral determinants,53 and patient-reported outcomes measures.54

Decrease focus on finance. Decreasing the focus on finance is

perhaps better stated as increasing the focus on patient well-being

through actions that promote interoperability, as ONC is now do-

ing.50 The 21st Century Cures Act stands out as an example of
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where policy appears to contribute positively, as it includes provi-

sions that catalyze change in our digital landscape, including the

challenges of information access imposed by a global, mobile soci-

ety.55 This legislation is leading to more aggressive strategies to im-

prove data interoperability through data models and application

programming interfaces while simultaneously requiring that patients

be given electronic access to EHR-based information.55–58

Abandon complex incentives. Many incentive models are com-

plex because they aim to measure and change a behavior that is of-

ten counter to what is intrinsically of value to clinicians. Our

attempts to engineer the execution of these incentives have failed to

demonstrate improvement and have generated more ill will from

physicians.

Avoid professional prerogative at the expense of the whole. Be-

cause modern medicine relies heavily on team and multispecialty-

based care, the design and implementation of EHRs must attend to

the capabilities and shortcomings of all team members, and not

solely the needs of one group. Perhaps there are activities that can be

safely shifted away from physicians with safeguards in place within

the EHR, in favor of other work that should only be executed and

documented by physicians.

Recommit to improvement science. A thorough commitment to

improvement science—learning from data, applying what we learn,

and learning from what we do—should permeate the way we think

and talk about systems that impact clinical care.

The notion of the learning health system, made visible through

Institute of Medicine in 2011,59 is becoming appreciated as a ful-

crum for health system change.60,61 We also are beginning to appre-

ciate how data science and informatics can personalize care and

prediction using social, environmental, and behavioral health char-

acteristics.62

The National Academy of Medicine had envisioned a role for the

EHR in improving public health. In fact, public health (surveillance

and detection) and population health (overall improvement of

health status for a population over time) have become increasingly

important in the era of obesity, child trafficking, and COVID-19.63–

65 All of these activities require the use of the EHR and a commit-

ment to iterative improvement in health care which are enabled

through data analysis, alerts and reminders to improve compliance

with new recommendations, and data collection to assess whether

and how these proposed changes in the way we practice improve pa-

tient outcomes.

Improvement science must include a re-recruitment of clinical in-

formatics experts into the academic settings. One area of collateral

damage in the wake of the Era of Entanglement was the exodus of

clinical informatics researchers who did not believe they could en-

gage in EHR development, or who did not perceive their findings

would result in change. There is increasing evidence that this con-

cern has not been realized. It will be critical to reestablish this part-

nership66 so that they can refocus their efforts on improving the

EHR itself. As we move forward with precision medicine, we face

the conundrum of who should be responsible for entering and man-

aging social and behavioral data that can impact decision making.

While we recognize the value of including computable social and be-

havior determinants of health data in the EHR,67 the addition of

this documentation burden to an already overburdened workforce

could be overwhelming. Rather, this should be an opportunity for

clinical informatics experts to develop innovative strategies to either

support patient-reported social and behavioral determinants or to

improve the integration of interdisciplinary team member’s work

into the EHR.

Embrace transparency. Concomitant with streamlining man-

dated measures is rethinking the notion of privacy. The Health In-

surance Portability and Accountability Act (HIPAA) stands out as a

major obstacle to supporting learning health systems.68 Originally

developed in response to the CPR Report, HIPAA has impinged on

the ability of researchers to conduct legitimate health research.

HIPAA’s implementation began prior to the widespread use of the

Internet and the availability of global datasets and is now in need of

significant reform.69 A regulatory reset of the balance point assuring

“frictionless” access to healthcare data—especially around data li-

quidity and privacy—will inextricably impact the future of the EHR

and the world.70 Contention between what we can learn from data

vs who has the right to disclose it will likely be characterized by

struggles to achieve increasingly sophisticated methods of disclosure

and reuse, which will, in turn, lead to reengineering how we collect,

store, retrieve, and reuse clinical data to avoid further burden on

physicians. Perhaps the cleanest approach to liquidity will allow

Americans to choose as a matter of explicit federal policy to opt out

of HIPAA (eg, allowing people to share personal health data with

everyone). In the meantime, prioritization of datasets that may (or

may not) promote excellent outcomes in patient care should be con-

sidered. Datasets for public health, climate and health, employment

and health, domestic security, food availability, and shelter need to

be developed and made available within the EHR (perhaps using

Web services such as FHIR [Fast Healthcare Interoperability

Resources]) but not added to the clinician’s direct responsibility ex-

cept where evidence warrants inclusion. If financing for health care

shifts to universal access, documentation related to managing the

system, such as the number of elements addressed during a review of

systems, needs to be removed from the clinician’s workload.

Herbert Simon noted that a growth in information creates a scar-

city of attention.71 There are some computer-based systems that are

exploring how to combine external and EHR data, to minimize re-

dundant data collection.72–74 The engagement of active clinicians

with informaticians and other data scientists should make this next

chapter for EHRs both more successful and more enjoyable for all

who use them.

Reject greed. The healthcare system has become highly engi-

neered to maximize time clinicians practice at the top of their li-

cense.48 Role-based workflows are engrained in many EHR systems,

where each role within the care delivery team sees entirely different

screens, coupled with opacity between workflows. While this activ-

ity ensures compliance, Gawande and others have observed that it

comes at the expense of “taking one for the team.”48 We have yet to

see a publication describing the contribution of this engineering to

burnout but would submit that as the other aspects of engagement

are executed, we do so with attention to where pleasure is found in

the course of daily health care. Perhaps it is what makes each pro-

vider a unique human being that needs to be balanced against the

risk of lower reimbursement or less efficiency. Eric Topol has

pointed out that advances in artificial intelligence (AI) will provide

our healthcare system with a choice: to use AI-enabled care to in-

crease revenue per hour or to use AI-enabled care to give time and

capacity back to clinicians to provide more thorough and thoughtful

patient care.75

CONCLUSION

Like the consilia of the late medieval era or the autopsy reports of

Bichat’s fledgling morbid pathology, the EHR is as promising a tool

as it is dynamic. Against the backdrop of centuries of efforts at refin-
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ing (if not reinventing) the medical record, the fundamental newness

of the EHR is even more apparent, its successes and limitations all

the more stark when considered against a long history of concerns in

documenting patients’ health and disease that are distinct to our

own. The current limitations of the electronic record distract from

the way it has succeeded in expanding the boundaries of clinical

care and research, making many aspects of care safer and more reli-

able. History is not always a perfect guide to the future, but it does

suggest the possibility for growth and adaptation of electronic sys-

tems in areas such as clinical decision support, interoperability, and

usability. Perhaps the only constant in the history of medical records

is their dynamism—in time, the frustration at clinical alerts or man-

dated points of data entry will give way to new successes and chal-

lenges. Just as the limitations of paper records once motivated the

adoption of electronic systems, today’s imposition of data entry

onto clinicians has given discussions about the limitations of our

EHRs a deep urgency. With new policy prescriptions and the careful

collaboration of informaticians and clinicians, we see the Era of En-

gagement as holding the potential to remove much of that burden

from clinical workflows, returning clinicians to the bedside without

dissolving the positive qualities of the EHR.
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