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Project (Goal

Build a pathway-aware RAG chatbot that helps clinicians and staft
search Connecticut Children’s pediatric clinical pathways with fast,
relevant, and source-grounded responses.

Problem and Use Case

Clinical pathways are dense, multi-document resources. The project focuses
on turning guideline libraries into a searchable assistant that keeps answers
tied to the selected pathway.
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Why this matters

e Clinical users need quick navigation across algorithms, educational
modules, and related pathway PDFEs.

e General-purpose LLM answers are not enough; retrieval must be limited
to the selected clinical context.

e The system should reduce document-hunting while preserving clinical
judgment and source visibility:.

Clinical Pathway Source

Inclusion Criteria: child of any age with signs and/or symptoms of anaphylaxis’
Exclusion Criteria: blood transfusion and other medication infusion reactions that are not anaphylaxis,
symptoms attributable to other causes, allergy to epinephrine

4
Initial Management:
“Hypotension: . If outside Emergency Department (ED) or PICU: consider calling Code Blue if severe
respiratory distress or hypotension
Low systolic blood pressure for . Place on continuous cardiorespiratory monitor and perform full set of vitals MUST
children is defined as: . Immediately discontinue medications that may be causing anaphylaxis document
. 1 month to 1 year: Less . Rapid assessment and manage ABCs: allergy and
than 70 mmHg o Administer Epinephrine 0.01 mg/kg of 1:1000 [1mg/ml] solution IM (max 0.5 mg) symptoms of
. 1to 10 years: Less than o Place patient in recumbent or supine position allergy in
(70 mmHg + [2x age]) o Ifhypotensive’: Place PV and administer normal saline bolus 20 mi/kg IV patient’s chart
. 11 to 17 years: Less than o Ifhypoxic: administer oxygen
90 mmHg o If respiratory failure: consider intubation
*  Continue to check vital signs every 15 min, or more frequent if unstable

# YES

. Observe minimum of 2-4 hours from last epinephrine dose ital signs unstable and/or ana axis unr ]
. Vital signs every 30 min . If outside Emergency Department (ED) or PICU: consider
calling Code Blue if severe respiratory distress or hypotension®
anaphylaxis and do NOT prevent biphasic anaphylaxis. However, *  Administer up to 3 total doses of IM epinephrine g 5-15 min
these may be considered as secondary therapies to treat symptoms: e  PlacePIV and administer rapid NS bolus 20 mi/kg IV
o Ifurticaria: diphenhydramine 1 mg/kg/dose IV/PO q6hr o Ifhypotension’: give up to 3 boluses
o Systemic steroids: prednisone or prednisolone 1-2 mg/kg/day e  Checkvital signs q 5 min

(may choose altemative steroids as clinically indicated)

. The following medications are NOT first line treatment for

The following medications are NOT first line treatment for

anaphylaxis and do NOT preve nt biphasic anaphylaxis. However,

these may be considered as secondary therapies to treat symptoms:

s Systemic steroids: prednisone or prednisolone 1-2 mg/kg/day
(max 60 mg/day) (may choose alte mative steroids as clinically
indicated)

e [furticaria: diphenhydramine 1 mg/kg/dose IV/PO g6hr PRN

. Ifwheeze: consider albuterol 5 mg nebulized

. If stridor: consider racemic epinephrine

*  [frespiratory failure: consider intubation

Any of the following?
Hx biphasic or severereactions,
> 2 doses epinephrine required, progressive/persistent sxs,
reaction was to long acting medication, hx severe asthma/
current asthma flare, hypotension’ or syncope,
upper airway obstruction,
young age

YES ¢

. Admit to Medical-Surgical
floors on Pediatric Hospital
Medicine Service (GI,
Nephrology or Heme-Onc
willadmit to their own
service)

. Observe on continuous YES
cardiorespiratory monitor

. Consider thefollowing @
medicationsif needed as Admit to PICU
per above indications:
o Diphenhydramine
o Systemic steroids

JNO
Discharge Criteria:
Complete resolution of all serious symptoms
(rash may persist), minimum of 2-4 hours from last
epinephrine, parental comfort with discharge and easy access
to ED, epinephrine auto-injector physically available to family
(if reaction to medication administered only in hospitalsetting,

auto-injector may not be indicated)

Does patient meet all of the below?
(if no to one criteria, must admit to PICU)
. Required <3 doses of epi?
. Stable vital signs?

Nomnal mental status?

NO

Discharge meds:
Epinephrine auto-injector, diphenhydramine PRN

Discharge Instructions:
Epinephrine auto-injector training,
avoid known allergens, consider referralto allergist,
f/u with PCP in 1-2 days

Anaphylaxis pathway: triage, treatment, and disposition algorithm.

Success Criteria

e Search is scoped to a chosen pathway, not the open web.

e Retrieval returns precise chunks with pathway and page metadata.
e Answers are presented alongside their source context.

e Monitoring and feedback enable iterative quality improvement.

Baseline RAG Pattern

Retrieval augmented generation turns a user query into a vector search over
embedded documents, then gives the LLM the retrieved context before it
aANSWers.
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Query embedding — wvector search — retrieved context — response generation.

Why not just a general-purpose LLM?

e A general LLM hallucinates specifics; clinical answers must be traceable
to a pathway document.

e Open-web retrieval returns irrelevant or outdated guidance instead of
the hospital’s own pathway.

e Ground-truth sources at CT Children’s live in versioned PDFs, not in
the pre-training corpus.

Heavy-Digestion Pipeline

Raw PDFs carry broken tables, split paragraphs, and embedded figures that
a direct ingest would dump into the index as noise. The heavy-digestion
pipeline does the expensive document work once, up front, so retrieval at
query-time is fast and precise.

| Pathway || Clean Docling , ‘ | Pathway |
PDFs text . 5 Supabase filter
hybrid *[ Vectors ]—>
and + ik storage i
| modules | kmetadata) CUUHRS | | citations

Document transformation — chunking — embedding — vector storage — pathway filtering.

Design Principle

Do more document work before retrieval, so the chatbot can do less
ouessing during clinical question answering.

Direct Ingest vs. Heavy Digest

Direct ingest Heavy digest (ours)

DIMENSION

Chunking fixed char windows document-aware (~512 tok)
Metadata none / filename pathway, section, page
Retrieval whole corpus pathway-filtered

Fidelity lossy, generic traceable, specific

Prototype Interface

The demo lets a user select a pathway, ask a question, and inspect the
source PDF' in one workflow.
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Hello, How can | help you today? a

@ Select a pathway and ask a question. Responses are
limited to the selected pathway.
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Pathway-scoped chat, context-aware mode Embedded PDF viewer, tabbed modules

e Pathway selection constrains retrieval to relevant source material.
e Context-aware mode supports natural follow-up questions.

e PDF tabs expose ED /inpatient algorithms, scores, and educational
modules.

Answer Quality Across Rounds

Three evaluation rounds against a fixed 15-question clinical benchmark (Migraine, CAP,
Asthma ED). Each round changed one layer of the stack—chunking, embedding, then
pathway tagging—so gains could be attributed to specific decisions.

QUESTION R1 R2 R3
CAP: antibiotic course length 5% 90% 92%
CAP: admission criteria 10% 35% 85%
Asthma: MPIS score calculation 58% 65% 80%

R1: MiniLM 384-dim, fized chunks. R2: MedCPT 768-dim, semantic chunks + Claude
image-to-text. R3: MedEmbed 1024-dim + pathway tagging.

e R1+R2: the step change. Semantic chunking and a clinical
encoder drove the biggest gains—content trapped in figures was
recovered by Claude image-to-text.

e R2—+R3: structure over dimensionality. 1024-dim was marginal;
pathway tagging unlocked CAP admission criteria by routing queries
to the right document subset.

e Remaining failures are semantic, not structural—ambiguous
clinical terms need query-side prompting.

Takeaways

e Clinical alignment — communication with CT Children’s.
¢ Prior art — learning from Seattle and Arizona.
e Impact — building something that matters.

Next step: validate retrieval quality against pathway-specific questions,
then connect monitoring and feedback data back into the document-
processing pipeline.



