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Learning Objectives
After participating in this session, the learner should be better able to:

• Understand where EMERSE fits in the informatics toolbox and how it unlocks the critical health 
information contained in clinical notes

• Understand how EMERSE is not NLP, nor a substitute for NLP, because it is not competing with 
NLP – it is intended as a self-service tool not requiring technical expertise

• Discover how EMERSE can benefit multi-disciplinary teams trying to capture the true picture of 
what is happening within patient populations by being able to rapidly search and review 
narratives written by thousands of unique individuals

• Understand that EMERSE is an extremely powerful and game-changing tool for research that 
requires a disciplined approach to ensure success
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EMERSE – What is it?
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• A human-augmented search engine for anything contained in medical notes – not NLP, but another 
tool in the informatics toolbox

• Created in 2005 by David Hanauer, MD, MS, FACMI, FAMIA and maintained/enhanced at the 
University of Michigan and tested/deployed by partners/collaborators

• Used to perform rapid searches against the 80% of clinical data stored in notes – for an entire 
patient population, defined lists of patients, and at the individual patient level

• All source notes are indexed and stored in a document repository – EHR never touched directly

• Powered by a collection of over 1.5 million clinically curated terms and phrases

• Searches can be done on 100’s of terms simultaneously

• Live at 6 academic medical centers covering ~10 million patients and > 442 million documents 



The Open-Source EMERSE (Electronic Medical Record Search Engine) Tool

52022 Informatics Summit  |   amia.org

• Easy to understand user-interface with a ~30-minute learning curve – A “system for the people”

• Software is free from the University of Michigan, however, there is an initial cost to implement

• Relatively low maintenance requirements – (0.15 FTE) – no ongoing vendor fees

• Rapid querying compared to EMR – e.g., gray platelet syndrome: 14,940 seconds vs. 2 seconds

• EMERSE excels at finding diagnoses that do not have a specific ICD-10 code – e.g., 
leiomyosarcoma

Michigan Case Study - Cutaneous Leiomyosarcoma (cLMS) – Incidence of 0.2 per 100,000 per year – Cancer 
Registry found 101 patients, EMERSE found 311 potential that was narrowed down to 128 positive after manual 
chart review= 21% additional patients;  183 false positives due to standardized language in genetics consultation 
notes stating risk for “cutaneous leiomyosarcoma”*

*Oral presentation at Association of Academic Surgeons Annual Meeting 2020, Battacharya, A. et al.



The Open-Source EMERSE (Electronic Medical Record Search Engine) Tool
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• Used for research and clinical operations (billing/coding, quality, infection control)

• University of Michigan is tracking research where EMERSE has been referenced:

https://project-emerse.org/publications.html



Cleveland Institute for Computational Biology
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• University Hospitals Health System of Cleveland, Ohio, ~ 2 million patients

• Case Western Reserve University, Cleveland, Ohio, Jonathan L. Haines, PhD, Director

Translating big data to better understand disease 
mechanism, improve clinical care,

 and inform population health



CICB Informatics Infrastructure
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Ambulatory and
In-patient



CICB EMERSE Implementation Timeline and Experience So Far
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• NIH/NCI 5-year grant starts (Jill Barnholtz-Sloan, PhD, and now Satya Sahoo, PhD, local PIs)

• 18 months spent obtaining institutional buy-in
❖ Meetings with researchers – many
❖ Meetings with C-suite hospital representatives
❖ Meetings with CQOs and system CMIO, leading to capital funding from the president of 

University Hospitals Cleveland Medical Center, Daniel Simon, MD

• Implementation started at the beginning of COVID – all remote work (2/2020-11/30/2020)

• Pilot phase in late 2020 through October 2021 – Validation of EMERSE via source systems

• Official launch in November 2021

• Currently over 175 EMERSE user accounts (research and ops), > 50 IRB protocols

• With COVID surge having waned, now picking up new users every week



EMERSE Architecture – Deployment View
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Apache Solr – the open-source software under the hood
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• Open-source enterprise search platform built on Apache Lucene

• Highly reliable, scalable, fault tolerant

• Distributed indexing, replication, and load-balanced querying



EMERSE Architecture – Process View
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Synonyms are suggested to users when search terms are 
entered and are included with the system.  Local instance can 
replace the list with their own, or augment existing synonyms 
with additional terms.

Patient demographics, including name, DOB, and MRN are pushed into 
the EMERSE database nightly from the patient registration system.

Additional processes can occur here, including concatenating other important 
data to a clinical note such as billing codes, problem lists, and medication 
lists.  This helps provide a more accurate picture about a patient at the time 
the clinical encounter (and note generation), occurred, and can be helpful for 
those searching and reviewing clinical documents within EMERSE.

Very little needs to be changed within EMERSE itself.  Most 
customization can be done within the existing database tables.

The EMERSE database contains elements need for the application, such as user 
settings, patient demographics and other meta-data, research project status 
information, and audit logs.

Solr is the indexing component, set to run each morning and performing 
incremental updates only on documents that have been added or changed.  
It stores a local copy of each document to allow for rapid runtime 
functionality.

LDAP is used for login, but users must still complete 
an “attestation” for each EMERSE session.

Apache Camel, an open-source integration framework, 
is used to extract documents from the Enterprise Data 
Warehouse and into Solr for indexing



University Hospitals EMERSE Implementation
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App, Solr, storage = one server

Allscripts Touchworks and 
Sunrise, Sorian Registration

Enterprise Data Warehouse

MS SQL
Notes views

• New notes added from prior day at 6 a.m. for near real-time updates
• Emergent MRN errors corrected from the prior day via Health Identity Management



EMERSE Demonstration Simulation – Why?
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• “Live Demos” = Extra stress of a technical issue arising

• Demo system is limited to 10,000 synthetic patients; live = ~ 2 million

• Live system contains full PHI and we need to redact

• Allows us to look at real use cases/scenarios

• Allows us to look at performance across ~ 2 million patients and >36 million 
documents

• However, return counts will also be obfuscated



Accessed via Chrome Browser
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EMERSE – Attestation Screen
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• Records why are you using EMERSE for 
each session

• Some categories are for operations (e.g, 
Quality Improvement, Patient Safety, 
Billing and Coding)

• Research identified as either PREP or by 
the IRB number

• All activity is logged for the session



EMERSE – Main Interface
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EMERSE – Main Interface
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EMERSE – Main Interface
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EMERSE – Filters
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EMERSE – Main Interface
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EMERSE – Simple search
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EMERSE – Simple Search
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Results returned
in less than 1 

second



EMERSE – Simple Search
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EMERSE – Adding synonyms
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EMERSE – Adding synonyms
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EMERSE – Adding synonyms
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EMERSE – Adding synonyms to search
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Results returned
in less than 4 

seconds



EMERSE – Synonyms discussion
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Synonyms and phrases collection

• >1.5 million built into EMERSE and are 
updated through U. of Michigan

• Allows rapid searching across 100s of 
terms simultaneously

• Drugs and brand names, diagnoses and 
procedures, non-clinical words, etc.

• Common phrases in written notes

• Users can supplement with additional 
search terms

Think about the variety of styles used in writing 
medical notes – all of this can be searched as 

well as combined in a single search



EMERSE – Synonyms for common phrases

302022 Informatics Summit  |   amia.org



312019 Informatics Summit  |   amia.org

EMERSE – Synonyms for common phrases



EMERSE – Searching with synonyms
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EMERSE – Searching for any blue AND any yellow within the same note
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Results returned
in less than 3 

seconds



EMERSE – Moving discovered cohort to a temporary list
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EMERSE – Selecting highlight documents numeric view
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EMERSE – Switching to mosaic view for highlighting



EMERSE – Temporary list demographics
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EMERSE – Saving patients to a permanent list
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Patient lists

• Created using EMERSE searches

• Entered manually

• Imported from an Excel file

• Shared with other EMERSE users

• Can be compared to other patient lists



EMERSE – Saving patients to a permanent list
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Patient lists

• Created using EMERSE searches

• Entered manually

• Imported from an Excel file

• Shared with other EMERSE users

• Can be compared to other patient lists



EMERSE – Tagging, annotating, and exporting patient lists
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EMERSE – Term collections
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Term collections

• The building blocks of effective searching with 
EMERSE

• User-created and shared with other users

• Allows for reusable tools to use with EMERSE

• Potential to create catalogs of terms based on 
discipline or specialty

• Potential to create catalogs based on providers in a 
department by creating a term list of provider 
names



EMERSE – Term collections
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Term collections upload feature

• Allows common term collections to be 
shared with other research teams at 
other institutions who also have EMERSE 
installed

• Potential for many multi-institutional 
collaborative studies with the EMERSE 
consortium



EMERSE – Sharing Terms Across Sites
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PediaTracTM   a multi-disciplinary project dedicated to creating a comprehensive,
 user-friendly tool for tracking infant development across key domains



EMERSE – Finding patients w/o coded T1D diagnosis
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Step 1: Search for all with coded T1D in notes or other structured data source



EMERSE – Finding patients w/o coded T1D diagnosis
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Step 2: Move these patients to a permanent list called T1D coded

Results returned
in less than 9 

seconds



EMERSE – Finding patients w/o coded T1D diagnosis
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Step 3: Search for patients where T1D is mentioned in the notes, with synonyms

Unstructured search for T1D - Assumptions

• Patients in this list should be in the coded 
list in the prior example

• We have not entered any exclusion 
criteria such as “do not suspect T1D”

• Resulting list would have patients who 
have T1D but have not been coded for it

Step 4: Save list of found 
patients as permanent list 
called T1D uncoded

Results returned
in less than 9 

seconds
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EMERSE – Finding patients w/o coded T1D diagnosis

Step 5: Compare coded T1D with uncoded T1D search

The patient list on the right mentions type 1 
diabetes but none of those patients have 

any of the T1D ICD-10 codes in their charts

Use this cohort to refine actual T1D Dx



EMERSE – Searching within a patient list
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These patients have a coded type 2 diabetes



EMERSE – Searching within a patient list
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Who is taking specific drugs to control T2D?

• We want to visually see who in this list of T2D 
patients has a mention of 3 different drugs, all 
beta-blockers, somewhere in their notes

• When searching in a saved patient list, the 
search is done using logical OR



EMERSE – Searching within a patient list
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Highlighting documents with mosaic view

• Allows view of T2D patients who have these drugs 
mentioned in their notes

• Can quickly narrow down someone who might has 
more than one drug brand mentioned in their notes



EMERSE – Searching all patients for Dx and Rx classes
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Who is taking different classes of drugs to 
control T2D?

• We want to visually see who in this list of T2D 
patients has a mention of 3 different drug 
classes mentioned in their same note

Results returned
in less than 3 seconds
 345 terms searched 

simultaneously



EMERSE – Searching within a patient list
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Breast Cancer

• This example shows visually how many 
patients had a mention of breast cancer and 
the various stages in their notes

• The search quickly shows which patients 
match all 5 of the search criteria in our 
existing list the initial search was simply 
“breast cancer”



EMERSE – Searching within a patient list
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Breast Cancer

• We implicitly know that this patient has a 
mention of stages 1 through 4 mentioned in 
his/her notes

• Now we can look to see if it was related to 
cancer or some other disease

• Can add terms to exclude and do another 
search within this list

• We can tag matches and save as a new list



EMERSE – Searching with wild cards
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• Using the * character allows for the 
expansion of the word-stem

• In this example, hyperten is expanded



EMERSE – Temporal searching
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Notes – Temporal searching

• Updated every morning at 6 a.m.
• Allows for near real-time searches
• Potential use for differential Dx follow-up 

for ED patients post-discharge
• In-patient tracking (e.g., DVT, sepsis)



EMERSE – Temporal searching
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Clinician Names

• The names of all signing clinicians are searchable and can become part of search strategies

• Search for both last name first name and first name last name to catch all instances of common names



EMERSE – Enhancing notes content
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EMR Note Types

• Over 2000 found during implementation

• Can search for many of these by name as 
part of a search strategy (e.g. Triage ED 
Peds and some condition of interest)

• Adding additional meta-data may be useful 
for research and ops (e.g., GIS data)

Meta-data added to note headers is fully searchable



EMERSE – Advanced Searches
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EMERSE – Proximity Search
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EMERSE – Excluding terms from a search
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EMERSE cannot do math, but if you search for lab values, such as LDL, and 
include a term for each possible value of LDL, then all patients with lab results in 

their notes that are in that lab value “range” will be found

However, we do not want to find anything related to an “optimal” value for LDL



EMERSE – Excluding terms from a search
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Excluding “optimal LDL” from the 
search eliminates 20 patients from 

the search results of this time bound 
search



EMERSE – Sampling of Current Uses
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Epidemiological studies on eosinophilic and CMV (cytomegalovirus) colitis

Represents just 0.0266% of local population

Ability to rapidly review charts via EMERSE; not 
feasible with EHR



EMERSE – Sampling of Current Uses
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Studying the prevalence of ulcerative colitis and Crohn’s disease in the LGBTQ population

Find LGBTQ 
population via notes

and save the list

Search this 
patient list

Resulting cohort that 
can now be

 rapidly reviewed



EMERSE – Sampling of Current Uses
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EMERSE – ROSE project used to validate EMERSE
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Internal validation study submitted to D & I 
conference for 12/2021

Nora Lee, MD, Suzanne Lo, MPH, Mark Beno, MSM, Sarah 
Ronis, MD, MPH



EMERSE – Future enhancements*
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EMERSE Network – ability to search across sites – exists today

Incorporation of NLP features

- negation
- uncertainty
- patient vs other
- named entity recognition/mapping to ontologies

Data extraction from templated notes

*http://project-emerse.org/presentations.html



EMERSE – CICB Next Steps
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Upgrade to latest version of EMERSE

Implementation of EMERSE dashboard in Power BI to track utilization 
and provide functions for audit and compliance

Conduct an EMERSE end-user experience survey at all active EMERSE 
sites

1. How is EMERSE being used?

2. Are users sufficiently aware of how to use EMERSE?

3. Can learning materials be developed to enhance EMERSE?

Future de-identification of notes – done at UCSF



EMERSE – Lessons Learned During Roll-Out
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• Cannot simply train and go away – generic examples do not translate to actual user 
engagement nor success

• Listening to potential end user stories is key

• Every medical specialty has unique potential uses for EMERSE – and we have needed to 
guide each group – and sometimes we need to discover what they are trying to do

• Searching effectively and getting to the information desired requires a degree of strategy 
that requires practice and patience – this is difficult when bandwidth is limited

• Clinicians are busy and will look to their research teams to use EMERSE

• EMERSE can serve as a powerful research resource for medical fellowships, MD students, 
MPH students, Nursing, Social Workers – pretty much anything that requires chart reviews



EMERSE and CICB Teams
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CWRU and UH IT support

Mike Warfe (CWRU)
Carl Langdon (UH)
Cal Frye (CWRU)
Brian Christian (CWRU)
Ryan Jaskolka (UH)
Craig Schwabl (UH)

EMERSE Team at University of Michigan

David Hanauer, MD, MS
Kellen McClain, BS
Guan Wang, MS
Lisa Ferguson, MS

CICB Team

Sunah Song, PhD
Harry Menegay, PhD
Paola Saroufim, PharmD, MPH
Devin Tian, PhD
Bob Lanese, MS
Veronica Sheng, MS candidate
Beverly Kalasky, BS

www.project-emerse.org
www.icompbio.net

www.case.edu/utech
www.uhhospitals.com

CICB Faculty Leadership

Jonathan Haines, PhD
Daniel Simon, MD  (UH)
Dana Crawford, PhD
William Bush, PhD
Satya Sahoo, PhD
Scott Williams, PhD

http://www.project-emerse.org/
http://www.icompbio.net/
http://www.case.edu/utech
http://www.uhhospitals.com/


Thank you!
Email me at: mark.beno@cwru.edu


