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Personal impetus for this research 

• Internal Medicine resident  Pulm/ICU Fellow 

 

• Frustration with inefficiencies in EHR data 
display/aggregation 

• Time spent at computer vs bedside 

 

• Experience in programming/web-design  

 ability to design+implement novel tool 
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Learning Objectives 

 

1. Learn the importance of clinical information 
gathering habits among clinicians 

2. Enumerate the difficulties faced by clinicians 
performing electronic health record review  

3. Review methods for clinically-oriented 
organization and prioritization of EHR meta-
data 

4. Appraise a novel critical care information 
display system 
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Clinical information gathering - where 

• How do we practice? – as a process 

 

• HistoryExamDifferential? 

 

• ComputerComputer (patient)Differential? 

 

• Inefficiencies in the process? 
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Clinical information gathering - where 
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Clinical information gathering - where 

 

 

 

 

• EHR is the most common initial source of 
information on new patients1 

 

 

Redd, T.K., et al., Variability in Electronic Health Record Usage and Perceptions among Specialty vs. Primary Care 
Physicians. AMIA Annu Symp Proc, 2015.  
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Clinical information gathering - where 

• IM residents post- 

   ACGME duty hours 

   change 

 

 

 

• 15% of 12 hrs ≈ 2 hours of chart review daily 

 
Block, L., et al., In the wake of the 2003 and 2011 duty hours regulations, how do internal medicine interns spend 
their time? J Gen Intern Med, 2013. 28(8): p. 1042-7. 
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Clinical information gathering - where 

 

 

 

 

• Consistently 40-60% of time in “indirect care” 

• = EHR use in modern era 

• Dose-response by training level: 

• Interns: 85% 

 Tipping MD, Forth VE, Magill DB, Englert K, Williams M V. Systematic review of time studies evaluating physicians 
in the hospital setting. J Hosp Med, 2010. 
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Clinical information gathering - where 

 

 

 

• “Review” of electronic patient data = 20% time 

• Direct patient care = 17% time 

• Any computer interaction = 37% time 

• x12 hours = 4.5 hours 

 

Hefter Y, Madahar P, Eisen LA, Gong MN. A Time-Motion Study of ICU Workflow and the Impact of Strain. Crit Care 
Med, 2016. 
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Clinical information gathering - where 

 

 

 

“Developing efficient communication and 
computer systems is necessary to facilitate 
maximum allocation of time to delivery of high-
quality care.” 

Hefter Y, Madahar P, Eisen LA, Gong MN. A Time-Motion Study of ICU Workflow and the Impact of Strain. Crit Care 
Med, 2016. 
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Clinical information gathering - where 

• ICU work pre/post EHR implementation (Epic) 

 

 

 

 

 

• Similar rates/changes among attendings 

 

 

 

Carayon P et al. Impact of electronic health record technology on the work and workflow of physicians in the 
intensive care unit. Int J Med Inform, 2015 
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Clinical information gathering - where 

 

• Clinical information is more-often obtained from 
the EHR than the patient 

• At least as a function of time spent 

 

• Increasingly, we “care” for patients at the 
computer, not the bedside 
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Learning Objectives 

 

1. Learn the importance of clinical information 
gathering habits among clinicians 

2. Enumerate the difficulties faced by clinicians 
performing electronic health record review  

3. Review methods for clinically-oriented 
organization and prioritization of EHR meta-
data 

4. Appraise a novel critical care information 
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Clinical information gathering – how/why 
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Clinical information gathering – how/why 

 

 

 

• Most EHRs are ‘paper’ charts in electronic format 

 

• Labs listed with labs, images with images 

 

• Data siloed into tabs/screens 

• Based on data-archive model 
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Clinical information gathering – how/why 
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Clinical information gathering – how/why 

 

 

 

 

• What are clinicians doing in the EHR? 

 

• Goals/use-cases? 
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Clinical information gathering – how/why 

 

 

 

 

1. Data retrieval 

1. Specific data = test result, consult note 

2. General “chart review” for unfamiliar patients 

2. Order entry 

3. Care coordination/communication 

4. Clinical decision support (?) 

 

 Ancker JS et al. How is the electronic health record being used? Use of EHR data to assess physician-level 
variability in technology use. J Am Med Inf Assoc, 2014. 
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Clinical information gathering – how/why 

 

 

 

• System design for focused data retrieval/display 

• EASY 

• Users learn/adapt to poorly designed systems  

 

• “What did the echocardiogram show?” 

• Diagnostics tab   

• sort by “Cards”  

• scroll to “Echo”   

• click “Report” 
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Clinical information gathering – how/why 

 

 

 

 

 

• System design for general “chart review”  

• HARD 

 

Hilligoss B, Zheng K. Chart biopsy: an emerging medical practice enabled by electronic health records and its 
impacts on emergency department–inpatient admission handoffs. J Am Med Informatics Assoc, 2013. 
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Clinical information gathering – how/why 

 

 

 

 

• “Chart review” or “chart biopsy”…? 

 

 

 

 

Hilligoss B, Zheng K. Chart biopsy: an emerging medical practice enabled by electronic health records and its 
impacts on emergency department–inpatient admission handoffs. J Am Med Informatics Assoc, 2013. 
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Clinical information gathering – how/why 

 

 

 

 

 

 

 

Hilligoss B, Zheng K. Chart biopsy: an emerging medical practice enabled by electronic health records and its 
impacts on emergency department–inpatient admission handoffs. J Am Med Informatics Assoc, 2013. 
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Clinical information gathering – how/why 

 

 

 

•  Chart review = building the patient’s story 

• “Vitally important skill” 

 

 

 

 

 

 

 

 

Varpio L et al. The EHR and building the patient’s story: A qualitative investigation of how EHR use obstructs a vital 
clinical activity. Int J Med Inform, 2015. 
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Clinical information gathering – how/why 

 

 

 

•  “scattering … elements … into different screens 
and content categories” 

• “hid the connections between patient data” 

 

 

 

 

 

Varpio L et al. The EHR and building the patient’s story: A qualitative investigation of how EHR use obstructs a vital 
clinical activity. Int J Med Inform, 2015. 
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Clinical information gathering – how/why 

 

 

 

 

 

Reichert D, Kaufman D, Bloxham B, Chase H, Elhadad N. Cognitive analysis of the summarization of longitudinal 
patient records. AMIA Annu Symp Proc. 2010;2010:667–71. 
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Clinical information gathering - how 
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Clinical information gathering - how 

 

 

 

• Clinicians switch back/forth between tabs/screens 
constructing a mental model 

 

 

• Clinical informatics  we can do better 
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Learning Objectives 

 

1. Learn the importance of clinical information 
gathering habits among clinicians 

2. Enumerate the difficulties faced by clinicians 
performing electronic health record review  

3. Review methods for clinically-oriented 
organization and prioritization of EHR meta-
data 

4. Appraise a novel critical care information 
display system 
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Longitudinal Clinical Summarization 

 

 

 

 

 

 

• “Dashboard” ≠ Longitudinal Clinical Summary 

• Snapshot vs story 
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Longitudinal Clinical Summarization  
Research 

 

 

 

• West VL et al. Innovative information visualization 
of electronic health record data: a systematic 
review. J Am Med Inf Assoc, 2015. 

• Rind A et al. Interactive information visualization 
to explore and query electronic health records. 
Found Trends Human-Computer Interact, 2011. 

• Pivovarov et al. Automated methods for the 
summarization of electronic health records. J Am 
Med Inform Assoc, 2015. 
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Longitudinal Clinical Summarization  
Research 

 

 

 

• Single vs multi-patient 

 

• Problem/organ-system -centric vs chronologic 

• Hybrid? 

 

• Emphasis on structured (numeric) vs unstructured 
(text) data 
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Longitudinal Clinical Summarization  
Research 

 

 

 

 

• LifeLines 

 

• Plaisant et al. LifeLines: using visualization to 
enhance navigation and analysis of patient 
records. Proc AMIA Symp, 1998. 
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Visual Clinical Summarization 
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Longitudinal Clinical Summarization  
Research 

 

 

 

 

• KNAVE (II) 

• “Knowledge-based Navigation of Abstractions 
for Visualization and Explanation” 

 

• Shahar Y et al. Distributed, intelligent, interactive 
visualization and exploration of time-oriented 
clinical data and their abstractions. Artif Intell 
Med, 2006. 
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Longitudinal Clinical Summarization  
Research 

 

 

 

 

• TimeLine  AdaptEHR 

 

• Bui et al. TimeLine: visualizing integrated patient 
records. IEEE Trans Inf Technol Biomed, 2007. 

• Hsu et al. Context-based electronic health record: 
toward patient specific healthcare. IEEE Trans Inf 
Technol Biomed, 2012. 
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Longitudinal Clinical Summarization  
Research 

 

 

 

 

• CLEF 

• Clinical e-Science Framework 

 

• Hallett C. Multi-modal presentation of medical 
histories. Proceedings of the 13th international 
conference on Intelligent user interfaces. ACM; 
2008.  
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Longitudinal Clinical Summarization  
Research 

 

 

 

 

• “Integrated Timeline” 

 

• An et al. Integrated visualization of multi-modal 
electronic health record data. 2nd International 
Conference on Bioinformatics and Biomedical 
Engineering IEEE, 2008.  
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Longitudinal Clinical Summarization  
Research 

 

 

 

 

• HARVEST 

 

 

• Hirsch et al. HARVEST, a longitudinal patient 
record summarizer. J Am Med Inf Assoc, 2015. 
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Longitudinal Clinical Summarization  
Commercial 

 

 

 

 

 

• >3,800 Certified Health IT Products by ONC 

• https://chpl.healthit.gov/#/search 
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Longitudinal Clinical Summarization  
Commercial 

 

 

 

 

• Which commercial vendors have visual patient 
summary tools? 

                                   ? 
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Longitudinal Clinical Summarization  
Commercial 

 

 

 

• Allscripts “Wand” (iOS only) 
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Longitudinal Clinical Summarization  
Commercial 

 

 

 

• Allscripts “Juxly timeline” 
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Longitudinal Clinical Summarization  
Commercial 

 

 

 

• iSalus Healthcare 
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Longitudinal Clinical Summarization  
Commercial 

 

 

 

• PracticeFusion 
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Longitudinal Clinical Summarization  
Commercial 

 

 

 

• Coalese (HIE) 
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Longitudinal Clinical Summarization  
Commercial 

 

 

 

• IntrinsiQ UroChart EHR 
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Longitudinal Clinical Summarization  
Commercial 

 

 

 

• Kainos Evolve Timeline (NHS) 
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Longitudinal Clinical Summarization  
Commercial 

 

 

 

• Hospital EHRs 

https://dashboard.healthit.gov/quickstats/pages/FIG-Vendors-of-EHRs-to-Participating-Hospitals.php 
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Longitudinal Clinical Summarization  
Commercial 

 

 

 

• HealthFusion MediTouch (?) 

 

 

• Careexpand  (?) 

 

 

• Epic “Accordion” (?) 
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Longitudinal Clinical Summarization  
Limitations 

 

 

 

 

 

• Limitations of existing “solutions” 
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Longitudinal Clinical Summarization  
Limitations 

 

 

 

 

• Narrow clinical scope (ontology-reliant) 

 

• Trade-off:  

• Customization vs dissemination 
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Longitudinal Clinical Summarization  
Limitations 

 

 

 

 

• Database (non-clinical) concept 
conformity 

• ‘Patient-on-ventilator’ status requires derivation 

 

• Trade-off:  

• Easy-implementation vs excessive “rule” 
creation/mapping 
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Longitudinal Clinical Summarization  
Limitations 

 

 

 

 

• Usability/Excessive learning curve 

 

• Trade-off:  

• Power vs simplicity 
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Longitudinal Clinical Summarization  
Limitations 

 

 

 

 

• Poor screen real-estate optimization 
• Overuse of text 

• Underuse of abbreviations, color-coding, 
iconography 

 

• Trade-off:  

• Legibility, ambiguity, color-scheme familiarity 
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Longitudinal Clinical Summarization  
Limitations 

 

 

 

 

• Inadequate zoom scalability 

 

• Trade-off:  

• Perils of “hiding/filtering” information 
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Longitudinal Clinical Summarization  
Limitations 

 

 

 

 

• Too smart  
• Esp. problem-oriented summarization 

• Impossible to map clinical 
relevance/irrelevance of every test/finding 

 

• Trade-off:  

• Nicely-distilled summary vs clinician wariness 
about what is/not displayed 
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Learning Objectives 

 

1. Learn the importance of clinical information 
gathering habits among clinicians 

2. Enumerate the difficulties faced by clinicians 
performing electronic health record review  

3. Review methods for clinically-oriented 
organization and prioritization of EHR meta-
data 

4. Appraise a novel critical care information 
display system 
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Longitudinal Clinical Summarization 

 

 

 

 

 

• Goal:  
• Tell the clinical story through visual summary 

• Focus: Unfamiliar/new ICU patients 
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Longitudinal Clinical Summarization 

 

 

 

 

 

 

• Questions raised for design consideration 
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Longitudinal Clinical Summarization 

 

 

 

 

1. How long do clinicians spend performing 
electronic chart review for new patients? 

2. What information is reviewed and the average 
relative utility of different information? 

3. How is the information accessed (workflow)? 

4. What is the preferred display format for the 
information? 
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How much data? 
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How much data? 
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ICU Chart Review Habits Study 
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ICU Chart Review Habits Study 

 

 

“Assessing Electronic Chart Review Practices 
and Historical Information Needs during New 
Patient Encounters in the ICU” 
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ICU Chart Review Study - Hypothesis 

 

• ICU clinicians spend time and effort performing 
electronic chart review on new ICU patients, but 
their specific behaviors, methods, and historical 
information needs are unclear. 
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ICU Chart Review Study - Aims 

1. Quantify the time providers spend  

 

2. Assess the type and amount of historical data 
sought during electronic chart review 
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ICU Chart Review Study - Aims 

3. Assess the workflow patterns used within the 
EHR to complete a chart review 

 

4. Elicit information-display preferences 
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ICU Chart Review Study - Survey 
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ICU Chart Review Study - Survey 

• 30 core questions (84 total elements) pertaining 
to a “new medical ICU admission” 

 

• 3-sites surveyed: RST, FL, AZ (247 recipients) 

 

• Consultants, Fellows, NP-PAs, residents (AZ/FL) 
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ICU Chart Review Study - Survey 
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ICU Chart Review Study - Survey 
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ICU Chart Review Study - Survey 

 



©2012 MFMER  |  slide-85 

ICU Chart Review Study - Survey 

• 49% report “haphazard/disorganized” workflow 

 

• Clinical Notes most common initial data reviewed 

 

• 77% ‘worry’ about overlooking important data 

• Volume of data (74%) 

• Display/organization issues (63%) 
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ICU Chart Review Study - Survey 

• Potential solutions endorsed: 

 

• Chronologic order of multi-modal data 

• Color-coding 

• Meta-data parsimony 

• Explicit data filtering 

• “Flagging” of abnormal results (unstructured) 

• Info display customization 
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Longitudinal Clinical Summarization 

 

 

• Putting it together – a new tool 
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Longitudinal Clinical Summarization 

 

 

 

• Requirements:  

 

• Use chronologic ordering (timeline) 

• Scrolling/clicking/tabbing is the enemy 

• Filter display to reduce info overload 

• Based on zoom-level 

• If you filter data, describe it 
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Longitudinal Clinical Summarization 

 

 

 

• Requirements:  

 

• Limit text 

• Story can be seen without reading 

• Use colors/icons/abbreviations meaningfully 

• Provide on-screen legends 

• Use a “clinical event” mindset 

• not a DB dump 
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MeRLin 

 

MeRLin 
(Medical Record timeLine) 

 

• Interactive, scalable timeline of pertinent 
historical EHR information for ICU clinicians 

• Filters, aggregates, summarizes major events 



©2012 MFMER  |  slide-91 

MeRLin 
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MeRLin – Prototype Survey 

 

• 21/21: “potentially useful in clinical practice” 

• “to correlate interventions, diagnoses with 
clinical presentation.” 

• “is simply a better way to display clinical data 
over time than [the] current list view displayed 
by [Mayo’s EMR] and most other EMRs.”  
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MeRLin – concept 



©2012 MFMER  |  slide-94 

MeRLin – concept 
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MeRLin – concept 

2007 2008 2009 2010 2011 2012 2013 2014 2015 2016

SMCMICUED SMC

BPAPMV: A/C BPAP

CRRT

HDHD HD HD HD

Norepi

Interventions!

GS

Navigator

ETT
LIN

THOR

Interventions/

Events

Diagnostic 

Information

Clinical Notes

Fluids

====

====

====

ENT

Date and Zoom 

Bar
March 2014 April 2014
23 24 25 26 27 28 29 30 31 1 2 3 4 5 6 7 8 9 10 11

CXR

Imaging
CXR

CXR CXRUROG

CHST

RP

DVT

CHSTABD

URODyn PFTEKG TTE OvOx O2Rx

Diagnostic Studies
DYSPHG

EGD

Notes

Fluid

s

====

====

====

-

-

-

-

CON P

CON

TRF SUM

CON

PP P

P P P P P P P P P P P P

P

MICU

ED

ADM

URO

P P P P

P P P P

TRF P

LE

LE

LE
CON

P P PENT

ED

ICU

NEP

IM

CAR

PUL

ID CON P P P P P SGN

Colloid

====

====

====

Patient Identifying 

Information

Today 1 Week 1 Month 3 Months 1 Year 5 Years All||

Date Grid

Collapse/Expand Region

Imaging Legend

Zoom Level Buttons
Window Centering 

Functions

Date Select:

Note Department 

Legend

XR

CT

MR

US

NM

Echo – Transthoracic

John W. Smith, MD

Mar 28, 2014 05:30 

Hospital Summary: Med 2

Henry Q. Johnson, MD

15 days (Mar 26. 2014 – Apr 9, 2014)

#1 Septic shock from impacted  kidney sto […]

#2 E. coli bacteremia

#3 S/p tracheostomy for recurrent hypoxic […]

#4 AKI requiring hemodialysis 

#5 Acute on chronic LV systolic heart failure

[…]

Note TooltipNavigator Slider

20d

Element Tooltip

 [ + ]

Overflow Notes Indicator

P P SGNCON P P P

Overflow Notes 

LE

LE

PADM LENRS MISTRF

Hide/Show Note Types

Hide/Show Note Type Selector

Intervention 

Legend

SURG

PROC

MED

ORG

SUP

ENC

Timeline Bar



©2012 MFMER  |  slide-98 

MeRLin – Data Model 

• >120 defined data elements 

• 57 department codes with color schema 

• 4 main clinical data groups + subgroups 

 

 

 

• Groups/subgroups determined by relative 
frequency within Mayo ICU patients 
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MeRLin – Novel Elements 

• “Interventions” – things we do to patients 

 

• Start/stop meds 

• Give fluid/blood 

• Organ support (dialysis, ventilation) 

• Procedures (minor + major) 

 

 

 

 

 



©2012 MFMER  |  slide-100 

MeRLin – Architecture 

• Web-based platform 

• Desktop + mobile interoperability 

• Server-side = Lucee 5 (ColdFusion derivative) 

• Client-side = JavaScript, jQuery, Highcharts 

• Data model: JSON  

• intended FHIR compatibility 
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MeRLin – alpha build 
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MeRLin – Next Steps 

• Ongoing development…. (delayed) 

• Deployment & debugging 

• Case-based head-to-head testing 

• Usability 

• Efficacy (time) 

• Cognitive load (NASA-TLX) 
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Summary 

• EHR review is an important and time-consuming 
clinical task 

 

• Goals and workflow of electronic chart review are 
varied  
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Summary 

• Designing effective longitudinal visualization 
systems is hard, but there is precedent 

• Gold standard evaluation? 

 

• Clinician-oriented systems like MeRLin will be the 
future 

• Institution/payer-alignment 
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Comments/Questions/Suggestions? 

 

Thank you! 

 

Nolan.Matthew@mayo.edu 

Herasevich.Vitaly@mayo.edu 


