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INTRODUCTION TRACKING EXAMPLE

» Radiology reports contain rich descriptions of clinically
important findings and medical devices that are oftentimes
referred to multiple times

* Tracking (or identifying coreferences) of radiological findings
across reports is less studied unlike information extraction’

* Introduce an annotated cross-document coreference
resolution (CDCR) dataset of 60 MIMIC-III? patients to track
the same findings and devices across reports (5872
mentions with 2292 mention chains)

 Employ rule-based and transformer language-based
systems to identify cross-report coreferences

* Assign the same mention identifier to all mentions across
reports representing the course of a finding or device

» Course of a finding — (1) initial detection, (2) improved,

worsened, & (3) no longer detected

» Course of a device — (1) insertion, (2) device position status

— normal/abnormal, and (3) removal

 Example (both aneurysms refer to the same entity):
* Report 1: Questionable aneurysm at right posterior
communicating artery

 Report 4: Small aneurysm of size 2.5 mm arises at the

origin of posterior communicating artery
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Example: Patient 1

Report #1 - 2197-04-25 04:08:00
IMPRESSION:

Pulmonary edema has progressed
obscuring more focal areas of
pulmonary contusion.

4

Report #2 - 2197-04-26 13:33:00
CHEST:

Perihilar edema present on the prior
chest x-ray is less.

IMPRESSION:
Decrease in mediastinal widening
and perihilar edema.

4

Report #3 - 2197-04-27 06:01:00
FINDINGS:

Mild perihilar haziness is slightly
improved since prior study.

4

Tracking of the same finding

Fig 1. Tracking edema, NG tube & Endotracheal tube

ANNOTATION PROCESS ANNOTATION CHALLENGES METHODS - CDCR CONCLUSIONS

Example: Patient 2

https://github.com/krobertslab/datasets
[tree/master/rad-tracking

DATA

CT HEAD W/O CONTRAST

Findings:

The right frontal fracture is associated with a
focal lentiform extra-axial hematoma measuring
roughly 8 mm in thickness and 3.5 cm in maxi-
mal transverse dimension.

This demonstrates a relatively low-attenuation
portion, anteriorly, which may represent acute,
non-clotted blood.

This collection may be bounded by the coronal
suture, and therefore lie in the epidural space.
There is moderate subarachnoid hemorrhage oc-
cupying the immediately subjacent sulci, which
are slightly flattened, due to the mass effect of the
hematoma.

No significant extra-axial hematoma is identified
at the corresponding left frontotemporal fracture
site, though there is subarachnoid hemorrhage in
the sulci in this region.

Associated subarachnoid hemorrhage at sites de-
scribed above, with possible small associated
right frontal and left frontotemporal contusions

o Item Count
':IT\IP[‘)’IT\" g; 2111-12-14 19:25:00 O Avg no. of reports per patient 10.6
' e
There is an NG tube present with the ‘o Total reports 638
tip in the body of the stomach. © Avgno. of tokens per report 244.7
T 4 ® Min no. of mention chain per patient 8
— : : :
Report #2 - 21111215 14:31:00 o Max no. of mentlc.)n chain per patient 110
FINDINGS: % Total mention chains 2292
Endotracheal tube terminates w Total singleton mention chains 1102
approximately 5.5 cm above the level O Longest chain length 53
of the carina. _ . : :
Enteric tube terminates within the « Avgchain length (excluding singletons) 4
stomach. o Avgno. of tokens per mention 1.44
7 I‘—U Total entities (radiological finding) 4978
Total entities (medical device) 894
Report #3 - 2111-12-17 19:06:00 = :
AP UPRIGHT CHEST: Finding Count Device Count
NG tube tip cannot be identified. effusion 398 tip 144
ETT has been removed. - pneumothorax 238  ng tube 103
_ : fracture 229 endotracheal tube 101
Tracking Ofcizsi?:aerze device 1, opacity 180 chest tube 42
atelectasis 176 swan-ganz catheter 36

Tab 2. Top five frequent mentions

Difficulty

Example pairs

Tab 3. Context
dependency

onymous)

Simple (syn-

Some degree of dissociation as well
as lateral displacement of the ossicu-
lar chain; Complex fracture of the left
temporal bone with evidence of lateral
displacement and disruption of the left
ossicular chain

Simple
(clinical
knowledge)

There 1s a left parietovertex soft tissue
; There is extensive left supra-
and periorbital soft tissue cdema

swelling

Moderate
(clinical
knowledge)

There 1s new patchy opacity at the
left lung base, which may repre-
sent resolving postoperative atclecta-
s1s with effusion, but prewmonia can-
not be excluded; New retrocardiac co!l-
lapse/consolidarion and bilateral effu-
sions

Tab 4. Domain
knowledge reliance

Complex
(clinical
knowledge)

There i1s mild prominence of the pul-
monary vascular markings without
overt evidence for failure; In the in-
terval, there 1s increased interstitial
cdema and small-moderate bilateral
pleural effusions.

Method 1 - Rule-based:
« String matching-based
Method 2 - BERT-based:

* Given a mention pair, BERT as a binary  °
classifier to predict if two mentions are

coreferences

Fig 2. Coverage of reports
In mention chains

Fig 3. Imaging modalities
In mention chains
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We construct a new CDCR dataset
to track radiological findings and
devices across reports

We highlight major challenges (from
annotation & model development
perspectives)

BERT input sequence: 1) only the

mention spans, 2) additional information

(anatomy and modifier)

Output generated by BERT for all
mention pairs for a patient is combined
to predict the final mention chains

CDCR is relatively under-explored in clinical

domain?

* Further model improvement -

Incorporate rich

radiology-specific domain knowledge into the

report context

tasks)

models; allow models to learn broad cross-

Explore cross-document language modeling?
(effective for multi-document downstream

» Use predicted mention spans to infer the
mention chains instead of gold mentions

CEAF, CoNLL BLANC
Methods
P R F1 P R F1 P R F1 F1 P R F1  Tab 5. CDCR
String match 80.18 70.36 74.95 83.52 70.75 76.6 61.88 76.46 68.4 73.32 7852 T71.6 74.44 performances
BERT (mentions) 68.56 95.31 79.65 40.84 86.57 55.23 76.53 23.46 35.84 56.91 53.39 T77.18 50.29
BERT (mentions + context) 67.46 92.58 77.87 32.72 &85.7 4648 76.12 18.97 29.99 51.45 49.79  67.92 39.13
Mention pairs Corresponding sentences Category Reason
Report-5 Compared with prior radiograph, an NG tube has
Model P (% R (% F1 A ' is signi ilatati
Od? (%) (%) ¢ NG tube; NG tube :)gen \ylt‘l:c:)ralw N E:Ed tl.]e;f ;IS mfgdr?lﬁchant dl.lalt{a ton :)fl:)hico]l\? 2 P More deep understanding of context is re-
Mentions 44.33 50.69 9591 99.09 ty;)ngtjus. eto?)v 'tli .rtl‘gt. -eThl 1z‘1tp rag:]n, ePOTT " quired (e.g., “withdrawn” in Report-5 indi-
+ Context 52.76 86.3 6549 96.61 ude ‘erminazes WIth 125 1ip 11 e S1omac : cates that the NG tube in Report-10 is dif- o
Report-3 The grayscale ultrasound of the veins of the upper ferent from the first one). Sufficient contex-
Tab 6. BERT cl aSSiﬁer results thrombus; throm- extremities demonstrated filling defect in the right cephalic vein tual information 15 ot in.corporate dinto the
bus at the level of the antecubital fossa consistent with thrombus; models
Report-13 No intraluminal thrombus is identified ‘
Report-1 There is increased retrocardiac density, consistent
collapse; atelec-  with left lower lobe collapse and/or consolidation; Report-20 More domain knowledee
tases There is cardiomegaly with atelectases in the left upper lobe as FN understandine is re uirge d to link the
well as atelectasis in the left lower lobe. correlated ﬁn%lingsq
Tab 7. BERT error an aIySIS hemorrhage: Report-1 There 1S nO intraparenchymal hemorrhage identified;
hematoma Report-6 There is a small left frontal subdural hematoma,

slightly larger than prior CT studies

» System performances are low to
moderate, thus the dataset can be
leveraged by researchers to develop
more advanced methods for
radiology CDCR in the future
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