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Introduction

Large quantities of clinical information available and strong incentives for reuse
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Introduction

Large quantities of clinical information available (cont.)

But most clinical information is unstructured, requiring information extraction

Clinical text is unstructured EHR data

- Documents

- Im

History and Physicals
Clinical notes, Consult notes
Operative reports

Surgical pathology reports
Progress notes, Letters

Orders

Discharge summaries

aging / Radiology

- Prescriptions (pharmacy; CPOE)

- Laboratory results

- Administrative information

© Stephane Meystre, 2020
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RECORD #122190

382610871 | SH | 65942396 | | 484692
MYOCARDIAL INFARCTION | Signed | DIS
Report Status: Signed

Discharge Date: 9/4/1998

ADMISSION DIAGNOSIS: CHEST PAIN.

| 18/1/1997 12:00:00 AM |
| Admission Date:

PROBLEM LIST: 1 ) CORONARY ARTERY DISEASE.

2 ) HYPOTHYROIDISM.
3 ) PEPTIC ULCER DISEASE.

HISTORY OF PRESENT ILLNESS: The patient is a 70 year-old woman who

had coronary artery bypass graft in

1993 who presents with ten minutes of acute chest pain today.

November of 1892 , she had quadruple
LAD and saphenous vein graft to the
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coronary artery bypass graft with cardiac

risk factors of hypertension , family history and high cholesterol ,
hypothyroidism and remote peptic ulcer disease with history of
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Introduction

Clinical information extraction

Typically requires a dictionary lookup linking text to standard terminologies, searching the text
for mentions of concept terms from the dictionary (i.e., standard terminology). It is sometimes
also called “concept extraction,” “concept normalization” or even “concept recognition” even if
the latter would be closer to “named-entity recognition” or “entity recognition.”
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Introduction

Clinical information extraction

Typically requires a dictionary lookup linking text to standard terminologies, searching the text
for mentions of concept terms from the dictionary (i.e., standard terminology). It is sometimes
also called “concept extraction,” “concept normalization” or even “concept recognition” even if
the latter would be closer to “named-entity recognition” or “entity recognition.”

" 1

Reason for visit:
Asked by Medicine team to see this 88 yo woman who presents with UGIB 9 d after inferior STEMI/BMS PCI
to PLV/RCA

Interval History:

Ms. Ulrich is a 88 yo w/ h/o CAD, DM2, and dyslipidemia, who was admitted 10 d ago with an inferior
STEMI in the setting of nauseau and CP, who subsequently received BMS stents to the RPLV and mid RCA.
Plavix was reloaded for 1 week in this setting. She was discharged to a rehab facility in pauls valley
8/10/96 for PT/0T. At the rehab facility she developed hematemesis and was admitted to the medicine
service last night for UGIB. She denies CP/SOB/N at present. She does not have memory of the
hematemesis episodes overnight. She required some reorientation to the situation leading to her
readmission.

Past medical history:

1. CAD:
-s/p PCI of PDA 2089 for 99% lesion in setting of ACS, s/p PCI of 99% LAD lesion in 2090 also in setting
of ACS, residual LV function normal w/o focal WMA in 2091. Inferior STEMI 7/96 due to near occlusion of
PLV resulting in BMS to PLV and mid RCA.
2. HTN/Hypertensive heart disease: rather difficult to control HTN, needing multiple agents to achieve
near normal to high normal pressures. Had a good bp response to thiazides but caused unacceptable degree
of hyponatremia. BP also related to the degree of chronic low back pain, and was substantially better
for 6 months after localized treatment. Hypertensive HD manifest primarily as peripheral edema, worsened
by norvasc, improved on diuretic.
. Dyslipidemia
DMII
Postherpetic neuralgia
Depression
Hemorrhoids
Osteoarthritis
. h/o DVT /PE
10. Breast CA 96 T2N1MO ER/PR+ Her2 neg breast CA s/p L radical mastectomy, XRT, and tamoxifen x 10
years
11. Recurrent UTI
12. Urinary incontinence
13. History of HIT AB Positive 2090

LooNOOUL AW

Family history:
There is a history of non-premature cardiovascular and cerebrovascular disease: Her father died of a
stroke in his 80s, her mother had congestive heart failure, and a brother had an MI. Her other siblings
have lived into their 8@s.

Social history:
She has not smoked, and uses alcohol only rarely. She lives at home with her youngest daughter,
Vaccaro. Another daughter, Tiffany, has been also very involved in her mother's care.

Review of systems:

hs sbove, Stheruise negative in detail. éMUSC Changing What's Possible  MUSC.edu
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Introduction

Clinical information extraction

Typically requires a dictionary lookup linking text to standard terminologies, searching the text
for mentions of concept terms from the dictionary (i.e., standard terminology). It is sometimes
also called “concept extraction,

" 1

concept normalization” or even “concept recognition” even if

the latter would be closer to “named-entity recognition” or “entity recognition.”
10. Breast CA 96 T2N1MO ER/PR+ Her2 neg breast CA

Reason for visit:
Asked by Medicine team to see this 88 yo woman who presents with UGIB 9 d after inferior STEMI/BMS PCI
to PLV/RCA

Interval History:

Ms. Ulrich is a 88 yo w/ h/o CAD, DM2, and dyslipidemia, who was admitted 10 d ago with an inferior
STEMI in the setting of nauseau and CP, who subsequently received BMS stents to the RPLV and mid RCA.
Plavix was reloaded for 1 week in this setting. She was discharged to a rehab facility in pauls valley
8/10/96 for PT/0T. At the rehab facility she developed hematemesis and was admitted to the medicine
service last night for UGIB. She denies CP/SOB/N at present. She does not have me€mory of the
hematemesis episodes overnight. She required some reorientation to the situation/leading to her
readmission.

Past medical history:
1. CAD:

-s/p PCI of PDA 2089 for 99% lesion in setting of ACS, s/p PCI of 99% LAD/lesion in 2090 also in setting
of ACS, residual LV function normal w/o focal WMA in 2091. Inferior STEMI 7/96 due to near occlusion of
PLV resulting in BMS to PLV and mid RCA.
2. HTN/Hypertensive heart disease: rather difficult to control HTN, néeding multiple agents to achieve
near normal to high normal pressures. Had a good bp response to thjazides but caused unacceptable degree
of hyponatremia. BP also related to the degree of chronic low back pain, and was substantially better
for 6 months after localized treatment. Hypertensive HD manifest/primarily as peripheral edema, worsened
by norvasc, improved on diuretic.
. Dyslipidemia
DMII
Postherpetic neuralgia
Depression
Hemorrhoids
Osteoarthritis
. [re=BY=—rRE
10.|Breast CA 96 T2N1MO ER/PR+ Her2 neg breast CA s/p | radical mastectomy, XRT, and tamoxifen x 10
years
11. Recurrent UTI
12. Urinary incontinence
13. History of HIT AB Positive 2090

oooNOUL AW

Family history:
There is a history of non-premature cardiovascular and cerebrovascular disease: Her father died of a
stroke in his 80s, her mother had congestive heart failure, and a brother had an MI. Her other siblings
have lived into their 8@s.

Social history:
She has not smoked, and uses alcohol only rarely. She lives at home with her youngest daughter,
Vaccaro. Another daughter, Tiffany, has been also very involved in her mother's care.

Review of systems:
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Introduction

Clinical information

extraction

Typically requires a dictionary lookup linking text to standard terminologies, searching the text
for mentions of concept terms from the dictionary (i.e., standard terminology). It is sometimes

also called “concept

" 1

extraction,

concept normalization” or even “concept recognition” even if

the latter would be closer to “named-entity recognition” or “entity recognition.”

10. Breast CA 96 T2N1MO ER/PR+ Her2 neg breast CA

Reason for visit:
Asked by Medicine team to see this 88 yo woman who presents with UGIB 9 d after inferior STEMI/BMS PCI
to PLV/RCA

Interval History:

Ms. Ulrich is a 88 yo w/ h/o CAD, DM2, and dyslipidemia, who was admitted 10 d ago with an inferior
STEMI in the setting of nauseau and CP, who subsequently received BMS stents to the RPLV and mid RCA.
Plavix was reloaded for 1 week in this setting. She was discharged to a rehab facility in pauls valley
8/10/96 for PT/0T. At the rehab facility she developed hematemesis and was admitted to the medicine
service last night for UGIB. She denies CP/SOB/N at present. She does not have me€mory of the
hematemesis episodes overnight. She required some reorientation to the situation/leading to her
readmission.

Past medical history:

1. CAD:
-s/p PCI of PDA 2089 for 99% lesion in setting of ACS, s/p PCI of 99% LAD/lesion in 2090 also in setting
of ACS, residual LV function normal w/o focal WMA in 2091. Inferior STEMI 7/96 due to near occlusion of
PLV resulting in BMS to PLV and mid RCA.
2. HTN/Hypertensive heart disease: rather difficult to control HTN, néeding multiple agents to achieve
near normal to high normal pressures. Had a good bp response to thjazides but caused unacceptable degree
of hyponatremia. BP also related to the degree of chronic low back pain, and was substantially better
for 6 months after localized treatment. Hypertensive HD manifest/primarily as peripheral edema, worsened
by norvasc, improved on diuretic.
. Dyslipidemia
DMII
Postherpetic neuralgia
Depression
Hemorrhoids
Osteoarthritis
. [re=BY=—rRE
10.|Breast CA 96 T2N1MO ER/PR+ Her2 neg breast CA s/p | radical mastectomy, XRT, and tamoxifen x 10
years
11. Recurrent UTI
12. Urinary incontinence
13. History of HIT AB Positive 2090

oooNOUL AW

Family history:
There is a history of non-premature cardiovascular and cerebrovascular disease: Her father died of a
stroke in his 80s, her mother had congestive heart failure, and a brother had an MI. Her other siblings
have lived into their 8@s.

Social history:
She has not smoked, and uses alcohol only rarely. She lives at home with her youngest daughter,
Vaccaro. Another daughter, Tiffany, has been also very involved in her mother's care.

Review of systems:
As above, otherwise negative in detail.

© Stephane Meystre, 2020
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Introduction

Clinical information extraction (cont.)

Most natural language processing (NLP) software applications used with EHR text include some
dictionary lookup. These applications include prominent examples such as:

* MetaMap,

* MedLEE (now commercially available as REVEAL, from Health Fidelity, Palo Alto, CA),
e NOBLE Coder,

e NCBO Annotator,

¢ [extractor,

* Apache cTAKES.

Some use their own dictionary lookup algorithm while others use existing algorithms like Apache
Lucene or Apache UIMA ConceptMapyper.

Changing What’s Possible  MUSC.edu
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Introduction

Clinical information extraction for structured summarization of key patient information

Work realized in the context of a larger project to automatically extract information from the EHR
with high accuracy to then improve the completeness and timeliness of lists of medical problems
and allergies.

John Doe MRN: 12345678 PCP: Jane Doe, MD Current provider: James Doe, MD
M 57y.0. 2/17/1959 Code: FULL Alt: Janice Doe, MD Role: Surgeon (attending)
Dynamic Summary @:
¢ i peciscsenia Summary Automatically extracted or inferred information (@ see source Qvalidate) 24h Timeframe all
ipte poasnies 1n pest por Chart review . : i
. — oz . _______J | Problems Medications Last observations
:l;‘;;; : 13\?: Signed | DIS | Adeissica 523?3232‘523?57"‘(? FIND. B NS snemothorax o¢ pleural affusion. - B ReSUItS rev. Name v Start v Name v Start A Name v LaSt date
) - b vevvs STSCRARGE | g 4 = ’ ’ ) L .
IIIII o r— T I ~====== | » Bcell non-Hodgkin lymphoma @@ 2015 | P Lisinopril 20mg QD 2011 || » SBP 158mmHg @ ® 1/15/16
I v o Miggor. e A > HTN 2009 | | P Metoprolol 25mgBID 2010 || p DBP 98mmHg @@ 1/15/16
N~ [ ‘Problemlist | | Diabetes mellitus type I 2007 || V Lovastatin10mg QD 2006 || b HbAtc 11.2% 4/8/15
R it 5 e i ~——————== | P Hypercholesterolemia 2002 Lovastatin (Mevacor) » Lipid panel 4/8/15
History Tablet 10mg PO QD
b o e ] = ; T [ » Bronchopneumonia [2009, resolved] Prescribed last: 4/22/2015
s i ‘wwe || > Radio-cubital L fracture [1992, resolved] Prescriber: Jane Doe, MD
Allergies Other treatments Last imaging
Orders
Name v/ Start ¥ Name ¥/ Start ¥ Name Vv Last date
» Penicillin 1994 » CHOP + ftyximab Q@® 2015 » Chest (PA/LL) @ ®@1/15/16
e P Naproxen 09 2010 monary angio. 5/12/15
CHOP + rituximab ~ @@ im PET-CT  29/11/15
. Transfer . .
T T iy Mitory ane migh croteserol G Rituximab 375 mg/m2 [V
e B ' > . Cyclophosphamide 750 mg/mz2 |V
Discharge ..
Hydroxydaunorubicin 50 mg/m?2 IV
o Oncovin 1.4 mg/m2 IV
rocedure

Prednisone 40 mg/m2 PO
Regimen details and schedule -
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Methods

Variety of dictionary lookup tools, text corpora, and dictionaries used in this study

Dictionary lookup tools: Dictionaries:
* Apache Lucene, e SNOMED-CT CORE subset
* Apache UIMA ConceptMapper e Custom focused dictionary

* Apache cTAKES (fast lookup)

Clinical text corpora:

* University of Utah corpus

* Medical University of South Carolina corpus

Changing What’s Possible  MUSC.edu
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Methods "‘L’p ”“
= e /2 C?AKES

Apache Lucene: popular and powertul text search engine library used by numerous websites ana

applications (e.g., LinkedIn and Twitter). Used in Textractor and in our prototype application for
extracting medical problems and allergens from clinical notes.

Dictionary lookup tools

In CliniWhiz, we combine it with a normalization process that includes abbreviation expansion,
stemming, removal of punctuation, lowercasing, reordering of tokens and removal of stopwords.
Also uses noun phrase chunks and named entities detected by a machine learning classitier.

Apache UIMA ConceptMapyper is a dictionary lookup tool (part of Apache UIMA) that is also

powerful and highly configurable, capable of non-contiguous terms mapping and fast
performance.

Apache cTAKES is a popular open source clinical NLP application (built on Apache UIMA) oftering
a fast dictionary lookup module in its latest version (4.0).

Changing What’s Possible  MUSC.edu
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Methods

Clinical text corpora

e Utah corpus (770 clinical notes)

* MUSC corpus (522 clinical notes)
Both de-identified and annotated for

a selection of medical problems and allergens.

Dictionaries

MUSC corpus Utah corpus
Training set
Notes count 247 495
Avg. words count 746 905
Problem annotations 4777 9344
Allergen annotations 101 /70
Test set
Notes count 275 275
Avg. words count 717 204
Problem annotations 5793 5361
Allergen annotations 126 63

e SNOMED-CT CORE (6,117 concepts with 106,616 terms)

* Focused dictionary was semi-automatically built using a set of 168 problems and 138 allergens
expanded using the UMLS Metathesaurus (24,833 concepts with 134,408 terms)

© Stephane Meystre, 2020
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Results

Concept normalization speed:

Measured in seconds per note and seconds per 5,000 characters to account for note size
differences between corpora

SNOMED CORE Custom dictionary Average

Utah corpus MUSC corpus Utah corpus MUSC corpus
s/note s/5K char s/note s/5Kchar s/note s/5Kchar s/note s/5K char s/5K char

Lucene v7.7 normalized 0.924 0.797 2.264 2.356 1.111 0.959 2.379 2.476 1.647

Lucene v7.7 no
normalization

ConceptMapper 0.003 0.003 0.003 0.003 0.007 0.006 0.007 0.008 0.004

0.008 0.007 0.009 0.009 0.007 0.006 0.009 0.009 0.008

cTAKES fast lookup 0.022 0.019 0.023 0.023 0.010 0.008 0.010 0.011 0.015
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Results

Concept extraction accuracy:

When only consi
text spans, recal

Detault parameters used.
e (ConceptMapper A cTAKES + Lucene
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Results

Concept extraction accuracy:

When only consi
text spans, recal
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dering the identification of mentions of problems or allergens with overlapping

ranged from 59.65% to 91.52% with the SNOMED CORE dictionary

Detault parameters used.
e (ConceptMapper A cTAKES + Lucene
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Results

MUSC e Utah

Concept normalization accuracy: ® Focused 4 SNOMED CORE
When assessing the mapping of 1.00 1
mentions of problems or allergens
identified in the previous step with o 0957
UMLS Metathesaurus concepts, the o °
F1-measure ranged from 84.2% to & 0.90- . R
97.49%. |_|1__ A o A
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Discussion and Conclusion

Very large variation in processing speed was measured, mostly caused by normalization processes.

When comparing similar dictionary lookup processes without normalization, differences in speed
shrank, but accuracy was also negatively affected.

Using Lucene without normalization caused a drop in mention identitication recall (3.7-9.2% less), a

slight increase in mention identification precision (0.3-4.7% more), and an increase in concept
normalization F1-measure ot 5.2%.

Limitations: No medication causing allergy filtering used, causing low precision. SNOMED CORE
had only partly overlapping coverage causing lower recall and precision.

These very large variations in accuracy and processing speed motivated an extensive study of the

impact of dictionary lookup algorithms and parameters, dictionaries used and corpora
characteristics.
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