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My background

Current roles

• Medical Director, Information Technology Services, UW Medicine   

• Medicine inpatient attending 1-2 weeks a year

• General Internal Medicine Center ½ day per week

Training

• Medicine residency

• Fellowship in Medical Information Science

Experience in clinical computing (as ~CMIO)

• Group Health Cooperative 7 years

• VA Puget Sound Healthcare System 4 years

• UW Medicine 17 years
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Topics

1. What is health informatics?

2. Natural alignment with General Internal Medicine

3. Challenges, present and future

4. Excitement

Definition of biomedical informatics

Biomedical informatics is the interdisciplinary field that 
studies and pursues the effective uses of biomedical 
data, information, and knowledge for scientific inquiry, 
problem solving, and decision making, motivated by 
efforts to improve human health.
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Disease present?

Test
positive?

Bayes’ theorem

PPV =

(sensitivity)(prevalence)

(sensitivity)(prevalence) + (1 - specificity)(1 - prevalence) 

A quantitative method for calculating post-test probability using the pretest 
probability and the sensitivity and specificity of the test.  [Owens and Sox in Shortliffe and 
Perreault.  Medical Informatics]
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Clinical Informatics Core Content examples

• Markov processes 
• Decision analysis 
• Bayes theorem 
• Ontologies 
• Messaging and content standards 
• Managerial accounting 
• Information retrieval 
• Leadership theories

• Conflict management  
• System decommissioning 
• Social influence theories 
• Object oriented programming 
• SQL outer join 
• Encryption  
• Boyce Codd Normal Form 
• Lewin’s Change Theory

What Is Medical Informatics?
(attributed to Homer Warner)

Technology                10% 
Medicine                10% 
Sociology                80%
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Value of clinical computing

G. Octo Barnett, M.D. 
Director, Laboratory of Computer Science 
Massachusetts General Hospital  
September 26, 1966

 The practice of medicine is many things.  Essentially, it is an encounter on a one-to-one basis 

between the physician and the patient.  It is an exercise in management and administration, complex 

enough to challenge the highest intellectual and creative abilities.  But it is also, inherently, a process of 

information handling and a natural challenge for today’s computer technology.
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How can clinical computing best help in patient 
care?

Careful attention to mundane and tedious detail can be more important 
than brilliance in the day-to-day care of patients..the kind of work that 
humans neither relish nor reliably perform.

Clement McDonald, 1988

tpayne@u.washington.edu
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JAMA, June 20, 2012—Vol 307, No. 23 



Can Electronic Clinical Documentation Help Prevent 
Diagnostic Errors?
Gordon D. Schiff, M.D., and David W. Bates, M.D.

The United States is about to 
invest nearly $50 billion in 

health information technology 
(HIT) in an attempt to push the 
country to a tipping point with 
respect to the adoption of com-
puterized records, which are ex-
pected to improve the quality and 
reduce the costs of care.1 A fun-
damental question is how best 
to design electronic health rec-
ords (EHRs) to enhance clinicians’ 
workflow and the quality of care. 
Although clinical documentation 
plays a central role in EHRs and 
occupies a substantial proportion 
of physicians’ time, documenta-
tion practices have largely been 
dictated by billing and legal re-
quirements. Yet the primary role 
of documentation should be to 
clearly describe and communicate 
what is going on with the patient.

Electronic prescribing appears 
to reduce the rate of medication 
errors, but the other benefits of 
electronic records are less clear.2 
We must ensure that electronic 
clinical documentation works ef-
fectively to improve care if more 
benefits are to be achieved. Yet 

many questions about it persist. 
For example, can it be leveraged to 
improve quality without adversely 
affecting clinicians’ efficiency? 
Will the quality of electronic notes 
be better than that of paper notes, 
or will it be degraded by the wide-
spread use of templates and cop-
ied-and-pasted information?

A fundamental part of deliv-
ering good medical care is get-
ting the diagnosis right. Unfor-
tunately, diagnostic errors are 
common, outnumbering medica-
tion and surgical errors as causes 
of outpatient malpractice claims 
and settlements.3 EHRs promise 
multiple benefits, but we believe 
that one key selling point is their 
potential for preventing, mini-
mizing, or mitigating diagnostic 
errors. Admittedly, evidence to 
support the existence of such a 
benefit is currently lacking, and 
our hypothesis runs counter to 
the sentiments and claims of 
many physicians, who argue that 
electronic documentation in its 
current incarnation is time-con-
suming and can degrade diag-
nostic thinking — by distract-

ing physicians from the patient, 
discouraging independent data 
gathering and assessment, and 
perpetuating errors.4 But we en-
vision a redesigned documenta-
tion function that anticipates new 
approaches to improving diagno-
sis, not one that relies on the pu-
tative “master diagnosticians” of 
past eras. The diagnostic process 
must be made reliable, not heroic, 
and electronic documentation will 
be key to this effort. Systems de-
velopers and clinicians will need 
to reconceptualize documentation 
workflow as part of the next gen-
eration of EHRs, and policymak-
ers will need to lead by adopting 
a more rational approach than 
the current one, in which billing 
codes dictate evaluation and man-
agement and providers are forced 
to focus on ticking boxes rather 
than on thoughtfully document-
ing their clinical thinking.

There are numerous ways in 
which EHRs can diminish diag-
nostic errors (see table). The first 
lies in filtering, organizing, and 
providing access to information. 
Making accurate diagnoses has 
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paper records, shifting to elec-
tronic systems could substantial-
ly improve clinicians’ knowledge 
about the patient. The problem 
of having too much information 
is now surpassing that of having 
too little, and it will become in-
creasingly difficult to review all 
the patient information that is 
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Arcadia Healthcare Solutions

Estimated growth in healthcare data
Exabytes

2013

2020 2,314
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CT CHEST VENOUS PROTOCOL
CT ABDOMEN / PELVIS 
INDICATION
Motorcycle crash.
Comparison: Trauma series same date and outside noncontrast CT chest abdomen and pelvis same date.
PROCEDURE:  
Reconstruction thickness: 2.5mm.  Interval: 2.5 mm
Superior extent: Thoracic inlet.  Inferior extent: Ischial tuberosities
Intravenous contrast: Positive.
Oral contrast: Not used.
MPR's: Coronal, Chest, Abdomen and Pelvis, venous.
   
FINDINGS:   **** CHEST ****
Aorta and great vessels: Normal for a venous phase study.
Mediastinal hematoma: Absent
Pericardial fluid: Absent
Endotracheal tube: Absent
Intercostal tubes: Absent
Right lung: Mild dependent upper lobe consolidation likely represents atelectasis.
Left lung:  Partial collapse of the left upper lobe.  Mild basal atelectasis is also present.
Right pneumothorax: Absent
Left pneumothorax: Moderate left pneumothorax, increased compared to the prior outside study.
Right pleural fluid: Absent
Left pleural fluid: Absent
Bones of the thorax: Multiple left rib fractures are present:
Segmental 2nd, anterolateral 4 to 7 minimally displaced, posterior 11 and 12. There is a minimally displaced mid shaft fracture of the left clavicle.  
No right sided chest fractures identified. 
Spine: See CT of the Thoracic spine for details.
**** ABDOMEN AND PELVIS ****
Liver: Normal
Spleen: Normal
Gallbladder and bile ducts: Normal.   A small amount of fluid is noted surrounding the gallbladder, of uncertain significance.
Pancreas: Normal
Portal veins: Normal 
Abdominal aorta and branch vessels: Normal
Kidneys and ureters there is mild right hydronephrosis and ureteral dilatation.  At the level of the pelvis (2/215), there is a radiodense structure, which could represent a 
renal calculus which measures 4 mm.
Adrenal glands: Normal
Stomach, duodenum and small bowel: Normal. 
Colon: Normal
Mesentery, omentum and retroperitoneum: Normal
Appendix:Not visualized
Aorta and IVC: Normal
Lymph Nodes: Normal
Bladder: Normal
Uterus and ovaries: There is a right hypodense and well demarcated adnexal mass, which measures 2.8 cm in diameter. 
Consider pelvic ultrasound.
Bones: Right sacral fracture and pelvic ring disruption is again visualized.  Please refer to dedicated bony pelvis CT for details.  There is left parasymphyseal and peri-
acetabular hematoma.  A small amount of presacral hematoma also noted.  No definite intraperitoneal fluid is identified.  No obvious active extravasation.
No free intraperitoneal fluid or air present.
Subcutaneous tissues and body wall: There is left gluteal subcutaneous hematoma.
IMPRESSION:
Multiple left rib fractures and left clavicular fracture.
Moderate left pneumothorax.  The left lung is partially collapsed.
Right sacral fracture and left pelvic ring disruption with associated small extraperitoneal hematoma.  Please refer to dedicated CT pelvis for details.
There is mild hydronephrosis of the right kidney, which may be secondary to a 4-mm renal calculus at the level of the distal ureter. Delayed abdominal radiograph is 
recommended.
Small amount of fluid surrounding the gallbladder, and nonspecific finding of uncertain clinical significance.
Comment:
Small left hemothorax. 
Left apical extrapleural hematoma associated with rib fractures.
The above described fluid next to the gallbladder may simply represent the gallbladder wall.  No definite fluid around the gallbladder or liver is identified.
Better visualized on CT cystogram, is the right pelvic calcification described above, which is external to the ureter and represents a phlebolith.  No evidence of ureteral 
calculi.
Right adnexal cyst.  Recommend nonemergent pelvic ultrasound for further evaluation to exclude cystic ovarian neoplasm.
Small hiatal hernia.
High-density fluid is present posterior and adjacent to the inferior aspect of the descending colon.  This is contiguous with the pelvic retroperitoneal hematoma, and given 
the absence of abnormalities of the colon most likely represents extension of the retroperitoneal hematoma, which is not increased in size since the prior study.
Discussed with admitting surgical service at 8:30 p.m.

 

IMPRESSION:
Multiple left rib fractures and left clavicular fracture.
Moderate left pneumothorax.  The left lung is partially collapsed.
Right sacral fracture and left pelvic ring disruption with associated small extraperitoneal hematoma.  Please refer to dedicated CT pelvis for details.
There is mild hydronephrosis of the right kidney, which may be secondary to a 4-mm renal calculus at the level of the distal ureter. Delayed abdominal radiograph is 
recommended.
Small amount of fluid surrounding the gallbladder, and nonspecific finding of uncertain clinical significance.
Comment:
Small left hemothorax. 
Left apical extrapleural hematoma associated with rib fractures.
The above described fluid next to the gallbladder may simply represent the gallbladder wall.  No definite fluid around the gallbladder or liver is identified.
Better visualized on CT cystogram, is the right pelvic calcification described above, which is external to the ureter and represents a phlebolith.  No evidence of 
ureteral calculi.
Right adnexal cyst.  Recommend nonemergent pelvic ultrasound for further evaluation to exclude cystic ovarian neoplasm.
Small hiatal hernia.
High-density fluid is present posterior and adjacent to the inferior aspect of the descending colon.  This is contiguous with the pelvic retroperitoneal hematoma, and 
given the absence of abnormalities of the colon most likely represents extension of the retroperitoneal hematoma, which is not increased in size since the prior 
study.

Use hardware you already own

Broca’s area

auditory auditory 
association

Graphic credit:  Prof.Genevieve B. Orr  
http://www.willamette.edu/~gorr/classes/cs449/brain.html
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Sound to meaning
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Parent/Child (Relationship Type) 
Sarcoidosis (disorder) {31541009 , 
SNOMED-CT }

“45 year old female 
with pulmonary 
sarcoidosis…”

Natural language processing
A subfield of artificial intelligence and 
computational linguistics. It studies the 
problems of automated generation and 
understanding of natural human languages

Needles in the chart haystack



Semantic Concept Expansion – Example for “rash”

Knowledge Representation

Slide courtesy of Wendy Chapman



Knowledge Representation

Slide courtesy of Wendy Chapman

Extraction of problem list

Carcinoma of prostate [254900004]
Dissection of aorta [308546005]
Disseminated intravascular coagulation [67406007]
Atrial fibrillation [49436004]
Biventricular congestive heart failure [92506005]

Problem list derived using nCode
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Comparison of provider and nCode to consensus of 
coding experts (HIM)

After calibration
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PROGRESS NOTE  HOSPITAL DAY 2

CHIEF CONCERN

xx-year-old woman with a history of end-stage renal disease on peritoneal dialysis here with bacterial peritonitis

INTERVAL HISTORY

The patient feels relatively well this morning, though not back to normal.  She notes that her blood pressure has been slightly low, however she denies 
lightheadedness.  She has been up to the bathroom and back but has not walk further than this due to fatigue.  She notes discomfort and irritation around the 
right thigh blister.  This popped today and serous fluid onto her bed.  She relates that her peritoneal dialysis fluid has cleared up compared with yesterday.  She 
denies nausea or vomiting.  She denies dyspnea, fever, or chills.  She did have a PD cycle last night, and had antibiotic bath for a time as well.

PHYSICAL EXAM

Vital signs temperature 37 pulse 62 blood pressure 99/53 respiratory 14 oxygen saturation 96% on room air

General thin woman in no apparent distress.  Heart has regular rate and rhythm with no murmurs gallops rubs.  Lungs are clear on anterior examination.  
Abdomen is soft and nontender today.  Peritoneal dialysis catheter in place.  She has trace lower extremity edema.  She has no rash on exposed skin.

LABS

Reviewed in ORCA.  Notable for white blood cell count 12.8, hematocrit 26, platelets 173.  Potassium 4.6.  BP 152.  Vancomycin trough pending.

ASSESSMENT AND PLAN

Patient is a 64-year-old woman with end-stage renal disease on peritoneal dialysis, here with resolving sepsis from peritonitis.

Coagulase-negative peritonitis Staph  Hemodynamics are improving on antibiotics.  Have discontinued IV antibiotics in favor of intraperitoneal, coordinated by 
the nephrology team.  Blood pressure in the 90s systolically today off of stress dose steroids.  We'll monitor closely overnight tonight.  We'll check vancomycin 
trough.

Hypoxemia.  This is resolved, and was likely due to septic physiology.

End-stage renal disease on PD.  I appreciate nephrology consultations help.  Continue peritoneal dialysis cycles per their recommendations.

Chronic hepatitis B.  Continue entecavir.

General renal diet.  Peripheral IV and peritoneal dialysis catheter.  Subcutaneous heparin.  Full code. 



Information within note.  Day 2

SYMPTOMS

Feels relatively well
Not back to normal
Has been up to the backroom
Fatigue prevented further walking
Right thigh discomfort and blister
Blister popped
Serous fluid drained
Peritoneal dialysis fluid clearer than yesterday
Blood pressure slightly low
Declines lightheadedness

EXAM

T 37 P 62 BP 99/53 RR 14 O2sat 96% RA
Thin
No apparent distress
Heart regular rate and rhythm 
No heart murmur
No heart gallop
No cardiac rub
Lungs clear to anterior exam
Abdomen soft, no tender
Peritoneal dialysis catheter in place
Trace leg edema
No skin rash on exposed skin

LABS

Clinician believes these are the most relevant labs:

WBC 12.8
Hematocrit 26
Platelets 173,000
Vancomycin trough orders and pending 

ASSESSMENT

Sepsis due to peritonitis is resolving
Due to coagulase-native Staph
Hemodynamics are improving on antibiotics
Stopped IV antibiotics
Antibiotics given intraperitoneal route
BP in 90s while off stress dose steroids.
Hypoxemia resolved.
Cause of hypoxemia was sepsis

PLAN

Monitor blood pressure
Continue antibiotics via intraperitneal route
Monitor vancomycin trough level
Continue enecavir for hepatitis B
General renal diet
Subcutaneous heparin (to prevent VTE)
She is full code
Continued nephrology consultation

She has a peripheral IV
She has a peritoneal dialysis catheter



https://www.youtube.com/watch?v=VHMJaV7zJxE#t=242
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Will EHRs Become “Platforms?”

Modern EHRs as platform: EHR responsible for:
User and patient management 
Core transactional services (orders, documentation, PAMI, etc.) 
Workflow 
Legal record 

Use “Apps and extensions” to complete functionality
App extensions that plug in to the clinical workflow 
No single vendor can supply every needed function 
Tap the innovation of nob-EHR developers (and informatics) 

“App Store” model is now well-understood
Many vendors have proprietary APIs for extensions 
Emergence of robust app market may require standards-based APIs?

Slide courtesy of David McCallie



Inviting Patients to Read Their Doctors’ Notes: Patients and Doctors
Look Ahead
Patient and Physician Surveys
Jan Walker, RN, MBA; Suzanne G. Leveille, PhD, RN; Long Ngo, PhD; Elisabeth Vodicka, BA; Jonathan D. Darer, MD, MPH;
Shireesha Dhanireddy, MD; Joann G. Elmore, MD, MPH; Henry J. Feldman, MD; Marc J. Lichtenfeld, PhD; Natalia Oster, MPH;
James D. Ralston, MD, MPH; Stephen E. Ross, MD; and Tom Delbanco, MD

Background: Little is known about what primary care physicians
(PCPs) and patients would expect if patients were invited to read
their doctors’ office notes.

Objective: To explore attitudes toward potential benefits or harms
if PCPs offered patients ready access to visit notes.

Design: The PCPs and patients completed surveys before joining a
voluntary program that provided electronic links to doctors’ notes.

Setting: Primary care practices in 3 U.S. states.

Participants: Participating and nonparticipating PCPs and adult pa-
tients at primary care practices in Massachusetts, Pennsylvania, and
Washington.

Measurements: Doctors’ and patients’ attitudes toward and expec-
tations of open visit notes, their ideas about the potential benefits
and risks, and demographic characteristics.

Results: 110 of 114 participating PCPs (96%), 63 of 140 nonpar-
ticipating PCPs (45%), and 37 856 of 90 203 patients (42%) com-
pleted surveys. Overall, 69% to 81% of participating PCPs across
the 3 sites and 92% to 97% of patients thought open visit notes
were a good idea, compared with 16% to 33% of nonparticipating
PCPs. Similarly, participating PCPs and patients generally agreed
with statements about potential benefits of open visit notes,
whereas nonparticipating PCPs were less likely to agree. Among
participating PCPs, 74% to 92% anticipated improved communi-
cation and patient education, in contrast to 45% to 67% of non-

participating PCPs. More than one half of participating PCPs (50%
to 58%) and most nonparticipating PCPs (88% to 92%) expected
that open visit notes would result in greater worry among patients;
far fewer patients concurred (12% to 16%). Thirty-six percent to
50% of participating PCPs and 83% to 84% of nonparticipating
PCPs anticipated more patient questions between visits. Few PCPs
(0% to 33%) anticipated increased risk for lawsuits. Patient enthu-
siasm extended across age, education, and health status, and 22%
anticipated sharing visit notes with others, including other doctors.

Limitations: Access to electronic patient portals is not widespread,
and participation was limited to patients using such portals. Re-
sponse rates were higher among participating PCPs than nonpar-
ticipating PCPs; many participating PCPs had small patient panels.

Conclusion: Among PCPs, opinions about open visit notes varied
widely in terms of predicting the effect on their practices and
benefits for patients. In contrast, patients expressed considerable
enthusiasm and few fears, anticipating both improved understand-
ing and more involvement in care. Sharing visit notes has broad
implications for quality of care, privacy, and shared accountability.

Primary Funding Source: The Robert Wood Johnson Foundation’s
Pioneer Portfolio, Drane Family Fund, and Koplow Charitable
Foundation.

Ann Intern Med. 2011;155:811-819. www.annals.org
For author affiliations, see end of text.

Information technologies offer new ways to engage pa-
tients in their health. Providers who have adopted elec-

tronic medical records are beginning to use secure Internet
portals to offer patients online access to test results, medi-
cation lists, and other parts of those records (1–4). How-
ever, few portals offer access to notes generated in outpa-
tient encounters, even though exploratory studies focusing
on chronic illnesses suggest that such access may help
patients and have little net effect on provider workflow
(5– 8).

To gain further insight into such a shift in care, we
designed and initiated OpenNotes, a research and demon-
stration project involving primary care physicians (PCPs)
and their adult patients in urban and suburban Boston,
rural Pennsylvania, and inner-city Seattle (9). We asked
PCPs whether they would volunteer for 1 year, starting in
summer 2010, to send their patients electronic invitations
to read their outpatient visit notes online and to review
these notes before the next scheduled encounter. We ex-
pected that PCPs would be wary of such a change in care,

particularly those who had been in practice for many years
and those who spend many hours in direct patient care.
We hypothesized that patients would be generally positive
about open visit notes, that highly educated and younger
patients would be particularly enthusiastic, and that many
would want to share their notes with others.

We surveyed eligible doctors and patients before the
start of the voluntary program and report here on their

See also:
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Editors’ Notes . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 812
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Your Patient Is Now Reading Your Note:
Opportunities, Problems, and Prospects
Patients have unprecedented online access to their medical
records. More than 6 million Americans can now read their
doctors’ notes via patient portals, and continued rapid
growth is likely.1 Sharing notes with patients may yield
important health benefits, including increased patient
empowerment and improved medication adherence.2,3

Seeing written information, including notes, helps patients
remember the plan of care, reinforces patients’ positive
behaviors, and strengthens the patientedoctor alliance.2,4-6

As fully transparent medical records proliferate, many
questions remain unanswered (Table 1). Such uncertainties
create anxiety and apprehension among doctors at a time
when many already feel overwhelmed. In an effort to ease
the transition to what we believe will be a widespread and
ultimately beneficial practice, we draw on over 5 years of
the authors’ clinical experience and conversations with
clinicians around the country to offer suggestions for
creating notes that can work for all concerned (Table 2).

BE CLEAR AND SUCCINCT
Clear and organized notes allow patients to identify key infor-
mation, facilitating patient education and engagement. Brevity
improves readability and speeds up documentation. Direct and
simple language, withminimal abbreviations or medical jargon,
helps prevent confusion for patients and for other doctors.

DIRECTLY AND RESPECTFULLY ADDRESS
CONCERNS

write what you discuss.7 Candid wording and clearly written
follow-up plans may allay fears among anxious patients who
otherwise might feel overwhelmed or assume the worst
possible scenario. Seeing a diagnosis codified in the note can
feel more tangible to patients, and using frank but caring
written words might help overcome denial, de-stigmatize a
condition, or even motivate behavior change.2,4,6,8

Patients concerned that legally, financially, or socially
sensitive information discussed during a visit will be added
to the medical record might ask to have this information
omitted. Patients should be reassured about the protections
provided by federal law, including the Health Insurance
Portability and Accountability Act (HIPAA) and 42 CFR
part 2.9,10 Documenting general statements about sensitive
topics without elaborating on potentially humiliating details
is a strategy that can allay patients’ apprehension.6

Many electronic health record systems allow doctors to
shield specific notes or parts of the record from the patient
portal. This can be helpful in the uncommon instance when
a doctor determines that reading a note may harm a patient.
However, with rare exceptions, HIPAA gives patients the
right to access notes,8 so doctors who withhold a note from
online viewing should discuss this with the patient
beforehand.

USE SUPPORTIVE LANGUAGE
Rather than focusing exclusively on problems, the medical
record can also underscore patient accomplishments, thereby
encouraging and empowering patients to make positive
h 2 D t ft f iti h d i

COMMENTARY



Summary

1. Health informatics pursues the effective uses of data, 
information, and knowledge for problem solving, and 
decision making, motivated by efforts to improve 
human health.

2. Because of the importance of information 
management in general internal medicine, there is a 
natural alignment with informatics

3. Challenges include usability of current EHRs and 
information growth outstripping our capacity to use it

4. Maturing science and technologies portend improved 
use of information in a way that better fits our role as 
physicians.

Questions?

tpayne@uw.edu
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