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Introduction: Data, Annotation

Data

Getting health records from hospitals is hard
Getting annotated ones is next to impossible

We have a 42-million-word dataset of oncology health records
from Masaryk Memorial Institute in Brno and we are trying to get
as much of it annotated
We have curated the annotation of:

"Silver" standard student annotations: ca. 50,000 words
"Gold" standard, ground truth made by us: ca. 12,000 words
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Our manual annotations in numbers

Student
data

Ground
truth

Records 168 20
Sentences 3,566 801
Words 49,530 12,547
Tokens 69,699 19,095
Percentage of tokens annotated 40.6% 53.5%
Number of tokens annotated 28,329 10,218
Number of entities annotated 20,796 6,675
Total number of annotation tags 31,610 11,556
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What does an annotated EHR look like
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Annotation schema: Apache cTAKES type system
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Annotation schema: Comparison
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Introduction: Data, Annotation

Annotation: No straightforward NER

There is no correct/complete way of annotating medical entities
Concept boundaries are blurry
Annotation schema choice and individual annotation decisions
are arbitrary and need to adequately serve the goal of the
annotation project
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Introduction: Data, Annotation

The range of annotation goals

1. Precise retrieval of decision-crucial classes, e.g. disease names.
Pros: Sensitive to a few high-impact classes, easier to create
training data.
Cons: Details are ignored.

2. Complete ontological knowledge of the text, almost every word
is covered.

Pros: Most of the text is represented on multiple levels,
searchable, suitable for relation extraction.
Cons: Very high number of classes, ambiguous classes, difficult
annotation and training, lower precision.

3. Extraction of structured information, stressing the discrete and
continuous variables hidden in plain text.

Pros: Often well-defined text forms and available values.
Cons: Too many possible structured information slots.
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Annotation dilemmas: modifiers and specificity

středně diferencovaný duktální invazivní karcinom prsní

žlázy s metastatickým postižením axilární lymfatické uzliny .

Diagnosis string boundary is arbitrary, possible matching to
longest ICD-10 item
No class for modifiers
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Annotation dilemmas: observation results

Lab class candidate
P_Natrium: 143 mmol/l

BMI: 25.28

TK/puls: 123/90/88

porody: 2

thyreopatie 0

kouření: nyní

mamy symetrické

Břicho v niveau, měkké, prohmatné, palpačně nebolestivé

Hlava : poklepově nebolestivá, výstupy trigeminu nebolest.
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EHR Annotation Augmentation

Augmentation by densification

Certain types of manual annotation tasks produce quality data,
but sparser than needed
Our solution: self-fine-tuning and self-annotation

XLM-RoBERTa-large trained on student-annotated data for token
classification
Immediately used to classify the very same data
Simple merging rules: we keep the original annotations and only
add the ones where the augmentation model put a medical label
on O or Abbreviation
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EHR Annotation Augmentation

Augmentation in numbers

Student data
(augmented)

Ground
truth

Records 168 20
Sentences 3,566 801
Words 49,530 12,547
Tokens 69,699 19,095
Percentage of tokens annotated 40.6% (44.1%) 53.5%
Number of tokens annotated 28,329 (30,755) 10,218
Number of entities annotated 20,796 (22,811) 6,675
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Augmented-Data Model Performance

Augmented-Data Model
Performance
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Augmented-Data Model Performance

Detailed results, improvement in Oset x-validation
Class P (%) R (%) F1 (%)

Abbreviation 66.36/68.09 (+1.73) 56.47/58.88 (+2.41) 60.38/62.90 (+2.52)

AnatomicalSite_laterality 61.98/61.97 (-0.01) 77.43/79.24 (+1.81) 65.08/65.84 (+0.76)

AnatomicalSite_name 72.24/72.60 (+0.36) 78.67/80.57 (+1.90) 73.21/74.27 (+1.06)

DateTime 64.66/66.94 (+2.28) 76.58/78.18 (+1.60) 69.74/71.76 (+2.02)

DiseaseDisorder 47.04/48.25 (+1.21) 49.74/54.01 (+4.27) 47.62/50.19 (+2.57)

Lab_name 40.52/40.15 (-0.37) 66.36/76.65 (+10.29) 44.33/47.45 (+3.12)

Lab_unit 63.51/64.57 (+1.06) 79.29/82.14 (+2.85) 66.21/68.20 (+1.99)

Lab_value 61.80/60.74 (-1.06) 79.00/81.75 (+2.75) 64.52/65.00 (+0.48)

Medication_dosage 72.79/65.96 (-6.83) 67.71/66.06 (-1.65) 69.01/65.79 (-3.22)

Medication_instruction 30.28/28.59 (-1.69) 25.68/27.38 (+1.70) 26.99/26.81 (-0.18)

Medication_name 77.76/73.90 (-3.86) 83.69/84.23 (+0.54) 80.21/78.50 (-1.71)

Medication_strength 81.60/79.93 (-1.67) 89.79/93.76 (+3.97) 85.05/85.52 (+0.47)

Negation 80.79/80.19 (-0.60) 91.19/94.03 (+2.84) 85.51/86.40 (+0.89)

Procedure 49.87/50.36 (+0.49) 63.28/72.20 (+8.92) 52.76/55.95 (+3.19)

SignSymptom 39.61/37.14 (-2.47) 43.28/49.21 (+5.93) 36.87/39.14 (+2.27)

Weighted average 62.39/62.18 (-0.21) 65.93/69.58 (+3.65) 63.43/65.09 (+1.66)
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Augmented-Data Model Performance

Detailed results, improvement in GTset test
Class P (%) R (%) F1 (%)

Abbreviation 78.99/79.45 (+0.46) 68.72/67.01 (-1.71) 73.47/72.70 (-0.77)

AnatomicalSite_laterality 80.30/80.31 (+0.01) 71.97/74.54 (+2.57) 75.89/77.30 (+1.41)

AnatomicalSite_name 80.80/80.55 (-0.25) 90.61/91.63 (+1.02) 85.42/85.73 (+0.31)

DateTime 40.76/38.38 (-2.38) 64.84/63.42 (-1.42) 50.04/47.79 (-2.25)

DiseaseDisorder 38.79/40.23 (+1.44) 66.31/72.01 (+5.70) 48.84/51.58 (+2.74)

Lab_name 78.07/81.32 (+3.25) 70.77/79.31 (+8.54) 74.06/80.26 (+6.20)

Lab_unit 81.73/80.22 (-1.51) 82.17/83.82 (+1.65) 81.85/81.93 (+0.08)

Lab_value 70.54/76.16 (+5.62) 70.99/77.76 (+6.77) 70.65/76.92 (+6.27)

Medication_dosage 70.60/69.49 (-1.11) 74.00/72.00 (-2.00) 72.23/70.71 (-1.52)

Medication_instruction 32.45/28.24 (-4.21) 18.48/19.86 (+1.38) 23.41/23.19 (-0.22)

Medication_name 74.51/75.48 (+0.97) 83.49/82.85 (-0.64) 78.63/78.90 (+0.27)

Medication_strength 88.64/89.68 (+1.04) 91.06/92.98 (+1.92) 89.70/91.26 (+1.56)

Negation 75.77/73.86 (-1.91) 91.61/91.28 (-0.33) 82.93/81.65 (-1.28)

Procedure 61.38/62.14 (+0.76) 66.71/74.46 (+7.75) 63.91/67.68 (+3.77)

SignSymptom 64.17/61.52 (-2.65) 46.20/54.00 (+7.80) 53.35/57.38 (+4.03)

Weighted average 71.35/71.37 (+0.02) 71.34/74.11 (+2.77) 71.32/72.71 (+1.39)
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Augmented-Data Model Performance

Relative confusion matrix (percentages)
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Augmented-Data Model Performance

Augmentation conclusions

Strongly positive effect on student-annotated EHR data - not
just statistical, but visible to the naked eye. Most additions are
correct.
Model trained on augmented data improved in both tests

Strong improvement in recall, decent in F1
Class-level F1 improvement:

OSet test: 12/15 classes
GTSet test: 10/15 classes

Recall-powered improvement in categorization clarity: In strong
classes, increase in correct labels, but also O labels
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