Large Language Models for Trauma Care Quality:

NTDS Complication Abstraction

Kaijie Zhang Viv Somani wentor: Aaron Boussina

kaz029@ucsd.edu visomani@ucsd.edu aboussina@health.ucsd.edu
Background & Research Question Results
e Manual abstraction is slow and inconsistent when - ® Scaling Methods for Experiment Insight from Results
applied to long, noisy trauma notes, and the EY \ - . . .
: . . _ D . . . . e Stricter test-time search consistently reduced extra
professional staff required for this task are costly. | Tt S § Beam Search ; Diverse Verifier Tree Search complications, with Beam Search achieving the
. . . 7| msevce | o | 5 cleanest output.
e Key constraint: secure setting, no external online starter hpe ape= psr;abqt;;‘ ; ps;?brlt::n : P
APIs beyond AWS Bedrock, and no local GPU — - L ot Noeams Spit eams into NI * This gain came with a clear recall tradeoff, as
d epl oyment ) Dk aitats 5 : o’ ' independent subtrees sensitivity dropped from Original to Best-of-N and
Selachbost ; | further to Beam Search.
. . . . A ;
e We compare inference-time strategies under the : : ® & O : & 9 A ¢ _ . .
fri | pineli o JSoNResponse | Boamwidh M | e Best-of-N provided the most balanced middle point,
Same re rleva plpe Ine. QUERY: Is the documentation of “Deep Vein Thrombosis” {“Dee Vein Thrombosis™ “Yes" \\\\ i E ":' : ImprOVIng Cleanllness over Orlglnal WIthOUt becomlng
iUl T i —— y o " | i as conservative as Beam Search.
e We ask whether an LLM can detect NTDS s S e e ST ® & & & 0 ¢ 0 N N @
complications with auditable note evidence. e T :«ﬂ%mgjm«:ﬁw
. Experiment Result Time Analysis
i ' Experiment comparison for Test-time Scaling Strategies ~_Runtime Breakdown Comparison _
Data CO”eCtlon Prompt DeSIgn BN Original Best-of-N Beam Search Baseline with Simple Voting L:::,t,f-,:f-N with CoT
. i L. ) 250.0 Retnever+ﬁ|t§n1rl/3 4.6%
e Built for NTDS/TQIP use: encounter-level patient feature ® This is an example full decision path for 20 |
JSON bundles per case. Inputs include trauma notes one complication. Using the NTDS dictionary, 218'°
(“binary”) plus medication order text. we can model it lsmereadiagmisof] 200 -
. . . i oyl 4| ot _ 120.59
e Clinical notes are retrieved from the EHR via FHIR R4 as a stepwise il B S e
. - - - - I " Yes No o r ' '
and organized into a unified bundle for processing. The binary tree: 1 1 g N = Average % of Additional Complications
full dataset contains 482 patient features, provided by [bé’g'?ntg%‘i}}féhgijﬁja‘ﬁ?iid]- : o .
UCSD Health- Y(les hio & 100 l7_§L)h'185nglne VectorstoreBmIod
¢ The NTDS Data DICtIOnaI‘y deﬂnes 18 Compllcatlon foldégggz‘?f;%l{%ﬁiﬁf}izm;gifz{bzﬁml2§”0"CU"““’- g - - e W= LLMEngine === Vectorstore Build Retriever + Filtering LLM Verifier Other
- 1fi I « Evidence of osteomyelitis on gross anatomic or 1 37.5
Specific p_rompts_ used by t_he AI service. One encounter : ?5;°§?:2:‘§,%{§§:‘:;?.oca.ize:sig,,ysy_mpmms,fever(>3soc,, 265 243 259 e Best-of-N with CoT is faster per case because runtime shifts away
can copta_ln multiple compllcatlons, and notes are \_Zeoing powaemes Deah o SRS J - from repeated LLM generation, although vectorstore building
abbreviation-heavy and imbalanced. Ve i 0- Sensitivity \ opy becomes the dominant cost.
Did the patient have organisms identified from
. blo_od b)_/ cultqre or non-culturg ba§ed - = =
ACS ® o~ | T . [;3523:3535;izz;?fn":;::‘z‘.:,3;:?:,%::;:312] = Case Study: DVTS for Ventilator-Associated Pneumonia (VAP)
1P i UCSan Diego Health 'k
FROGRAM Report - VAP Case St A Beam Search on a Simple Tree B DVTS on the Same Simple Tree (Degenerates)
E’eﬂf’;fe‘;f’“e between Beam Search an DVT)
On the VAP-enriched subset, the main limitation was Level 1 Node 1 Root: generate N candidates
Method Over\”ew & Imp|ementat|on recall rather than precision, and beam sea_rch preserved 0-> drop
the VAP-related path better than DVTS, which spent Ve tontiriiie . | , | L .
: . . . more search budget on non-VAP complications. DROP  Subtree 1 Verfer :‘SUb"ee? Verer x Ve
LLM Trauma Complication Abstraction: System Architecture — "  [ode 1] |oB0%is | (Mot ] ] | [Nove 1] o
L 15% 30% e ' VES—>| \NO-DROP ! yes | \NO-DROP ! | yes—| \NO->DROP |
Sensitivity (%) 2&/ ® 0- drop .continue . continue | continue :
2 " Optimized 3 _— Q 6 | , DROP) ! DROP) ' ! DROP)
= 52 <2 K A7 Regex o’s = YES - continue DROP [ Node 2 ' [Node 2 ' [ Node 2 5
o Data Note Hybrid Evndence Gate Embedding Vector Store Retriever - 210% 400% v i 0->DROP ! ! 0->DROP | 0->DROP |
E Ingestion —> NormaI!zatlon — Chunking Engine ™ o1 complication | ™ Service [ /index (MMB) — N (%) o 3330/ Level 3 Node 3 f i i E
o patient feature standardize note note-boundary include/exclude patterns; text Chroma (or MMR retrieval + ° i X | i
o3  bundles (notes + headers, merge chunks; long notes reduced noise; better embeddings equivalent) similarity threshold YES - drop - | Node 3 '+ | Node 3 | [pvs = Beam| | Node 3 i
<« Mmedication orders) sources split with overlap sSynonym coverage | X i i
= demographlcs - | <N ' » : I ' - 3115s ' \QI‘O—> DROP | | “\NO->DROP | i \Qge DROP |
= _Optional " No-matches shortcut Evidence fime ¢ - f o gy ED G
Decision = NO (skip LLM) Chunks (FINAL: YES) | Subtree 1 1 Subtree 2 '\ Subtree3
( y ® Beam Search ® DVTS e i e s ShatcccicsS s EASESSSrRRs———————— '
= 4 &5 LLM Inference (AWS Bedrock) V] ol Decision B Summary of Findings Next Step
= P t Stuchod Verifier / Strategy Module Comblicati
> Bulldor L 0N\ & L Out:,‘:ﬁ et L Sclactie .+ Origialvoting (Gaseine) __ Degi':ig,""gu'{’p"ut ] e Best-of-N with CoT improved negative-side cleanliness over the baseline e Add a Best-of-N fallback when Beam Search or
§ system instructions AWS Bedrock Llama  DeepSeek JSON schema if select best ggf;c?; Elegvte)anﬁer Yes/No + rationale and prOVidEd the strongest overall trade-off pOint- DVTS returns no Compl|cat|0n-
= ﬁgg‘ﬁ{:ﬁﬁt? : Bedrock-hosted models (Llama-family fa|fbuap&°{,t;2mg ?22(’:;:]&2: * Tree Search (Beam :;;:gﬁgg: . - - : i i ' 1Fi ISi
- retrieved evidence or DeepSeek), multi-sample generation if not P Search; DVTS optional) e Beam Search became too strict under the atomic deS|gn, which caused ¢ Redes'Qn compllcatlon—speC|flc decision trees so
| i " L ’ some truly positive features to return no complication at all and increased DVTS can benefit from real structural diversity.
v false negatives; DVTS behaved similarly because most complication trees I q q icat i fil
> Z Z ) ©) ~ were too simple to benefit from subtree diversity. ; n:provshan e;q_oan I ComIPt Ication-specific filters
N = . - O stren en retctrieval guality.
55 Results Writer Vote / Search Log Timing Evaluation & Reporting . . . . . J d Y
a = > . >  Summary > compare to ground truth; per-complication e Hybrid chunking produced only a small overall gain, while retrieval _ ,
< percase JSON method trace, retrieved metrics; aggregated metrics : . - e Re-design the architecture for better LLM models
o> outputs chunks, verifier choices stage latency quality was more visibly affected by the quality and coverage of

Sensitivity, NPV, PPV, additional complications rate such as DeepSeek R1.

complication-specific filters.



