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Background

- Hemodynamic abnormalities
—> morbidity/mortality

- In-flight significant events

- Force multiplier for instructors
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Introduction ————

» Hypothesis: Providing near real-time
physiologic data of simulated patients
during training will provide valuable
training feedback for teams.

» Assess team performance during
training scenarios, transitions of care,
and quality improvement of curriculum :
and CPGs ot
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Aims & Objectives

Aim 1. Develop application that
automates patient summary report to CCAT validation simulation.

llustrate frequency & duration of vital Objective 2: Write a program to analyze, trend, and summarize the raw

s ez cLi §|mulated P data from the Zoll monitor for each simulation.
care episode

Objective 1: Identify vital sign thresholds for CPG compliance for each

Aim 2. Conduct a feasibility & end-
user assessment of utilizing data

Objective 3: Survey CCAT Advanced Cadre regarding the feasibility of
using this report in formal feedback with students.

summary in CCATT advanced courses

Aim 3. Analyze trends in vital sign
threshold compliance across L : : :
. : : Obijective 4: Identify trends by scenario and CPG for non-compliance and
g.lmulatlons d_L!rlng CCAT_Advanced_to target for training and JTS CPG review.
find opportunities for training strategies
to mitigate non-compliance
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Summary of Research Methods
Created
automated Performed Refined
medical iterative algorithms to
Composed Developed report evaluations improve
the study Android generation of data accuracy
team application pipeline summaries and utility
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Acquired Zoll

SDK for
Android
integration

Implemented
data analysis

algorithms

Conducted
validation
simulations
across
multiple
clinical
scenarios

Assessed
accuracy
and

effectiveness
of algorithms
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Application Architecture and Data Flow

Training Mannequins — VitalsBridge — Zoll Monitor — WiFi — Android App — Storage — Analysis = UI — Report

AFRL

@ Hardware [ Data Acquisition @ Storage & Analysis User Interface @ Report Export

Training Mannequins

High-fidelity simulation mannequins generating
continuous physiologic parameters

e Up to 5 mannequins per simulation
e Scenario-specific physiology
e HR, BP, Sp02, ICP, EtCO2, Temp, RR

SQLite Database

Room persistence library with 90+
fields per record, millisecond
timestamps

Data Streams
e Session metadata: course, team, sim,

mannequin

e Auto-normalization at storage
e Data quality status per reading
e Deidentified; cloud disabled
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Zoll Propaq MD Monitor

Clinical patient monitor displaying real-time vital

VitalsBridge signs during simulation

e HR, SBP, MAP, ICP, SpO2
e Parameters vary by clinical scenario
e VitalsBridge hardware-software interface

Analysis Engine
CPG compliance calculation, %TTR Real-Time
metrics, and statistical benchmarking Monitor
Live vital signs
VS %TTR per vital sign
Global %TTR (equal-weighted mean)
Non-compliance event detection Data
Explorer
Hedges' g effect size Historical

Percentile ranking within cohort analysis

CPG
Compliance

Guideline
adherence

Visualizations
Interactive charts

Android App — Data Acquisition

Zoll SDK wireless connectivity with automatic
device discovery and persistent connections

e Zoll SDK: mDNS auto-discovery

e 1-second polling intervals

e Multi-monitor simultaneous capture

e Foreground service + wake-lock

e Watchdog auto-reconnection (>30s loss)
o Data quality indicators per reading

Performance Report

HTML-to-PDF pipeline via Android
WebView with cohort benchmarking

@ Global %TTR ranking
Non-compliance timeline map
Individual VS performance table

Cohort statistics & Hedges' g
PDF export to Downloads

HtmiEnhancedReportGenerator.kt
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Data Management

Data stored securely on Android device using local
database

Each session record captures info such as vital signs,
data quality, session metadata

Metadata: course, team, simulation, mannequin,
clinical scenario

Data is automatically standardized when saved
Millisecond-precision timestamps on all readings
Student names excluded to maintain deidentification

Data exportable in CSV/Excel formats via Apache POI
library
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Data Reliability

Data collection runs continuously in background
iIncluding when device is locked

Each data point is labeled to indicate its quality
(valid, invalid, or error) based on monitor's reported
signal status

The system automatically detects extended signal
loss (>30 sec)

Auto-reconnects without creating artificial or
estimated data

Unmonitored periods excluded from statistical
calculations and displayed as distinct segments on
non-compliance timelines
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Outcome Measures

Primary Metric: %TTR

VS %TTR = (Time in target / Vital monitoring duration) x 100

Per-vital duration approach accounts for parameters monitored at different times
Global %TTR = arithmetic mean of all VS %TTR values per patient

Equal weighting: all CPG thresholds equally important

Vital sign thresholds from JTS and AHA Clinical Practice Guidelines

9 clinical scenarios with scenario-specific thresholds

Invasive BP takes precedence over non-invasive when both available

CPP = MAP - ICP (derived for TBI scenarios)
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Outcome Measures

Secondary Metrics & Benchmarking

Non-compliance events detected chronologically
Categorized: Warning (2-5 min) and Critical (>5 min)
Historical cohort benchmarking across all prior simulations
Rolling statistics for all %TTR values

Hedges' g effect size with small-sample correction

g = ((Team TTR - Cohort Mean) / SD) x J

Percentile rank: non-parametric ranking within cohort

No normality assumption required for small samples (N =10-12)
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Data & Statistical Methods in Medical Report

Report Generation Pipeline

- HTML-to-PDF pipeline rendered through
Android WebView

- Python offline analysis script for cohort-level
statistics

- Data source: filtered CSV export (232,759
records, 62.1 hours)

%TTR Calculation Method

-VS %TTR = (Time in target / Vital
monitoring duration) x 100

- Global %TTR = arithmetic mean of all VS
%TTR (equal weighting)

- Non-compliance events detected
chronologically; Warning (2-5 min) or
Critical (>5 min)

Medical

Cohort Benchmarking

- Historical cohort: all teams across courses for
same sim/mannequin

- Hedges' g effect size: g = ((Team TTR - Cohort
Mean)/ SD) x J

- Percentile rank: non-parametric ranking (no
normality assumption)

- Cohort descriptive stats: N, Mean +/- SD,
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Report Output Contents

- Patient name, scenario, CPG thresholds
analyzed

- Global %TTR value and ranking (e.g., "3rd out of
12 teams")

- Non-compliance timeline map: in-range,
warning, critical, unmonitored

- Individual VS table: VS % TTR, percentile,
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Statistical Analysis

Group Comparisons

Kruskal-Wallis test for Global % TTR
differences across simulations

Pairwise Mann-Whitney U tests for post-
hoc comparisons

Non-parametric tests (small sample
sizes: n=7-11)

No assumptions about data distribution
required

Provider Score Correlations

Spearman rank correlations: Global % TTR
vs provider scores

Technical Skills (TS) and Non-Technical
Skills (NTS) per role

Roles: physician (MD), nurse (RN),
respiratory therapist (RT)
Computed within each simulation
separately

Avoids conflating observations across
differing scenarios

Spearman chosen over Pearson: small
samples, ordinal NTS ratings

Exploratory analysis; no correction for
multiple comparisons

Significance at alpha = 0.05
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Results: Data Collection

100
simulation

. Defa_ult 1-second sampling rate for all imulatior
sessions (62.1 hrs)

« Val Sim 2 excluded (no continuous
monitoring by design)

232,759
records

35 unique
providers (11
physician,
12 RN, 12
RT)
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Results (cont.)

Global %TTR by Simulation

Simulation n Mean SD Min Max Median IQR
Val Sim 1 10 87.5 4.0 82.8 934 87.2 83.7-90.7
Val Sim 3 10 85.0 6.1 72.1 914 86.3 83.1-89.1
Val Sim 4 11 92.0 2.5 87.8 95.7 91.9 90.0-93.8
Val Sim 5 7 79.2 6.6 70.0 90.7 78.2 75.8-82.1

Overall 38 86.6 6.4 70.0 95.7 88.3 82.9-914

Abbreviations: SD, standard deviation; IQR, interquartile range. Kruskal-Wallis H=17.49, p = 0.001.
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Results (cont.)

Provider Performance Scores by Simulation
Simulation MD TS MD NTS RN TS RN NTS RT TS RT NTS
Val Sim 1 0.88 (0.06) 3.21 (0.61) 0.89 (0.09) 3.20 (0.82) 0.87 (0.10) 3.34 (0.45)
Val Sim 3 0.88 (0.09) 3.30 (0.45) 0.88 (0.09) 3.59 (0.53) 0.90 (0.13) 3.37 (0.80)
Val Sim 4 0.95 (0.04) 3.47 (0.56) 0.97 (0.04) 4.03 (0.61) 0.95 (0.03) 3.77 (0.55)
Val Sim 5 0.85 (0.12) 3.06 (0.85) 0.89 (0.10) 3.46 (0.98) 0.87 (0.11) 3.26 (0.55)

Note: Values are mean (SD). TS = Technical Skills (0—1 scale); NTS = Non-Technical Skills (1-5 scale).
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Results (cont.)

Spearman Correlations: Provider Scores and Global %TTR by Simulation

Predictor Val Sim 1 (n=10) Val Sim 3 (n=10) Val Sim 4 (n=11) Val Sim 5§ (n=7)
MD TS 0.38 (.285) 0.62 (.058) —0.21 (.535) 0.79 (.036)*
MD NTS 0.72 (.018)* 0.70 (.024)* —0.16 (.649) 0.63 (.129)
RN TS 0.81 (.004)* 0.46 (.182) —0.02 (.956) 0.69 (.086)
RN NTS 0.65 (.040)* 0.70 (.024)* 0.06 (.852) 0.75 (.052)
RT TS —0.10 (.794) 0.25 (.493) —0.14 (.687) 0.50 (.248)
RT NTS —0.37 (.287) 0.29 (.424) 0.60 (.049)* 0.27 (.554)

Note: Values are p (p-value). TS = Technical Skills; NTS = Non-Technical Skills. *p < 0.05.
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Results (cont.)

Usability Assessment (SUS)

Initial SUS score: 57.3 (below 68 benchmark =
marginal)
n = 15 grading cadre completed survey

Strengths:

» 73.3% intend to use frequently; 73.3% well-
integrated

* 66.7% agreed most people would learn quickly

» 60.0% found the application easy to use

« 60.0% disagreed they needed to learn a lot

» 53.3% disagreed they would need technical support

Concerns:
» 33.3% found it awkward to use
» 33.3% perceived unnecessary complexity
* Only 46.7% reported confidence in use
* Report interface refined based on this feedback

THE AIR FORCE RESEARCH LABORATORY

System Usability Survey

I think that | would like to use this
application frequently.

| found the application unnecessarily
complex.

| thought the application was easy to
use.

| think that | would need the support
of a technical person to be able to
use this application.

| found the various functions in this
application were well-integrated.

| thought there was too much
inconsistency in this application.

| would imagine that most people
would learn to use this application
very quickly.

| found the application very awkward
1o use.

| felt very confident using the
application.

| needed to learn a lot of things
before | could get going with this
application.

Neither agree nor

Strongly agree Somewhat agree disagree
O O o}
(@] (o] o}
O O (0]
O O O
O O O
O O o}
O O (0]
O O O
O O O
O O o}

Somewhat disagree

(@]

O

@]

Strongly disagree

@]

O
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 Created VS thresholds list to

maintain for conditions that appear + |dentify training gaps update
N S|mU|at|OnS (JTS CPGS, EBM curriculum
SOC)

- Creation and integration of * Identify potential guideline
feedback application (C-STARS aberrancies and provide input to
APP) into the training at CCAT JTS for CPG update considerations

Advanced course and adjust training curriculum

* End user (cadre) and student
feedback on the tool and its
effectiveness
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Performance Report: Pre-SUS & Post-SUS Refinement

Post-SUS (Refined Version)

Pre-SUS (Initial Version)

Simulation Performance Report
Mansaquin: Chasch + Aot « Type: Graded = Team: Alpha
Tim S Dec 11, 228

Performance Report

0260 “rd o Alpha fut Chech - Aortc Disvection
AORTIC DISSECTION - WITAL SIGNS THRESHOLD REFERENCE

PEIMARY VITALS [MOST CEITICAL) WERARIY WITALS FTMOUTHAMIC VTALS VITAL SIONS (VS) THRESHOLDS
IBP_SWS: 51 20mumiig HR: $l-Elbpm SpOe SO-100,
Systosc Biood Pressure (58P «120 mavedy
CLINICAL PERFORMANCE SUMMARY
Heart Rate [MR) §0-80 b

Solvd session with excellent Sp02 controd. Primany area for growah: reducing Meart

Session Grade: 4
. Bate variabily within taepet ranges

Periphers Capiiary Ovygen Satwration (Sp02)

Stability Control 7% Critical Event Preventicn Ta% Dwrwiation Burden 91%

i . 9 e '
Hirey snedady a0e wbues when in range® i ol segamin werhoat vaodyteons ladtng «2 Total 1eme & gareedity oursade threshokds RANKING OF GLOBAL WTITR
Lt vasiabsliry = higher soore et Lita srposue « Bigher scom

Team Alpha martaned Chuch's vitals in CPG range 78.0% of the time. They ranked 11th out of 11 teams, placing them n the
Oth percentie

Mine e .

NON-COMPLIANCE TIMELINE

Dhrection: -Abwilh'nrn-d -Hrﬂuwlm:ha-ld Intermity: | :— Light [abghl dervataon) — Dark (severe devishon)

Patiort Check®s Global NTTH thows & large practicel diference from Bhe Matoccsl cobort maen, faling Below B cobort (Medges’ o »
1891, Cohort: Mean B8 6% 2 6.2%, Meden 88 4% 008 85.0-910%)

Maight Taller Barn = longer deration  White space:  Compliant (within reshold)
= NOM-COMPLIANCE TIMELINE

r . Se02
i l

Red = pibowe etk Biue » baplow thrpphald Dolor inlenefy shows devistion peventy Taller bary

INDIVIDUAL VITAL SIGNS PERFORMAMNCE

ital Sign Complance Time Out of Rangs Statistics Yisdabion Breakdoenm
40 74 Briel: 0
Hiewit Rute a5 1Bm 9% 57 59
87.97 Critical 7 pYey 20.5% o 047 :. ',_”A oom
3%.0 133.8 Beel. 0
SR % 3a Is _'G(-S.:' 1040 h : o 43.5% P 200 :: 6%
5.1 Critical ©
o ¥ Ve
e s bs o b alations L] 1000% 1000 Rl AP
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» bonge dhuradion

ENCIVIOUAL VITAL SIONS PERFORMANCE
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L essons Learned

Positive
Hardware General Issues

e ETCO2 » Simulation * No network
e |ICP time Issues
 CPG  Seamless
threshold integration
differences  Quick tech
 CPG gaps Issue

resolution
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Next Steps

We will continue to utilize the program
algorithm in the background of future courses
to collect data and further analyze.

We hope to integrate refined reporting tool in
the future and can repeat SUS survey

amongst cadre.

We will define and summarize trends and
potential training gaps thus creating
opportunities for us to inform the curriculum
and the Joint Trauma System CPGs




\,,/' A AFRL

g

Acknowledgements

* Dr. Gregory Burnette, 711th HPW

« Lt Col (s) Tyler Davis and Dr. Shelia Savell,
59th MDW
« USAFSAM ETl and ETC
» Col Derek Sorensen
 Col (ret) Rich Strilka
Lt Col Josh Burkhardt
Lt Col (s) Chris Horn
Capt Mark Bourne
Bruna Weidgenant, ORISE
Rajveer Singh, ORISE

HHHHHHHHHHHHHHHHHHHHHHHHHHHHH




L
\.
=

AFRL

THE AIR FORCE RESEARCH LABORATORY

Questions?

25



\/ A AFRL

References

+ Alyshah Kaba, Tanya N. Beran, Deborah White, Accuracy of interpreting vital signs in simulation: An empirical study of conformity between medical and nursing
students, Journal of Interprofessional Education & Practice, Volume 3, 2016, Pages 9-18, ISSN 2405-4526, https://doi.org/10.1016/j.xiep.2016.03.002.

* Bedi S. BATDOK improves, tailors to deployed medical Airmen > Air Force Medical

» Service > Display. Published 2019. Accessed March 27, 2021.

* https://lwww.airforcemedicine.af.mil/News/Display/Article/1848666/batdok-improvestailors-
+ to-deployed-medical-airmen/

e Burn Care. JTS CPG. 2016.

* Cervical & Thoracolumbar Spine Injury. JTS CPG. 2020.

« Damage Control Resuscitation. JTS CPG. 2019.

» Eli Bloch, Tammy Rotem, Jonathan Cohen, Pierre Singer, Yehudit Aperstein, "Machine Learning Models for Analysis of Vital Signs Dynamics: A Case for Sepsis
Onset Prediction", Journal of Healthcare Engineering, vol. 2019, Article ID 5930379, 11 pages, 2019. https://doi.org/10.1155/2019/5930379.

* Fieler VK, Jaglowski T, Richards K. Eliminating errors in vital signs documentation. CIN
*  Comput Informatics Nurs. 2013;31(9):422-427 .

* Guidelines for the Managemet of Severe Traumatic Brain Injury (4th Ed). BTF. 2016.

» Isselbacher et al. ACC/AHA Aortic Disease Guideline. JACC. 2022:80(24):223-e393.

THE AIR FORCE RESEARCH LABORATORY

26


https://doi.org/10.1016/j.xjep.2016.03.002
https://jts.health.mil/assets/docs/cpgs/Burn_Care_11_May_2016_ID12.pdf
https://jts.health.mil/assets/docs/cpgs/Burn_Care_11_May_2016_ID12.pdf
https://jts.health.mil/assets/docs/cpgs/Cervical_Thoracolumbar_Spine_Injury_19_Jun_2020_ID15.pdf
https://jts.health.mil/assets/docs/cpgs/Cervical_Thoracolumbar_Spine_Injury_19_Jun_2020_ID15.pdf
https://jts.health.mil/assets/docs/cpgs/Damage_Control_Resuscitation_12_Jul_2019_ID18.pdf
https://jts.health.mil/assets/docs/cpgs/Damage_Control_Resuscitation_12_Jul_2019_ID18.pdf
https://doi.org/10.1155/2019/5930379
https://braintrauma.org/uploads/03/12/Guidelines_for_Management_of_Severe_TBI_4th_Edition.pdf
https://braintrauma.org/uploads/03/12/Guidelines_for_Management_of_Severe_TBI_4th_Edition.pdf
https://braintrauma.org/uploads/03/12/Guidelines_for_Management_of_Severe_TBI_4th_Edition.pdf
https://braintrauma.org/uploads/03/12/Guidelines_for_Management_of_Severe_TBI_4th_Edition.pdf
https://www.jacc.org/doi/epdf/10.1016/j.jacc.2022.08.004
https://www.jacc.org/doi/epdf/10.1016/j.jacc.2022.08.004
https://www.jacc.org/doi/epdf/10.1016/j.jacc.2022.08.004
https://www.jacc.org/doi/epdf/10.1016/j.jacc.2022.08.004

\/ A AFRL

References (cont.)

+ Joo M-, Kim H-C. A Vital Sign Analysis System Based on Algorithm Block Broker for Interoperability between Algorithm Development Tools. Applied Sciences.
2021; 11(4):1913. https://doi.org/10.3390/app11041913

+ Lee, HC., Jung, CW. Vital Recorder—a free research tool for automatic recording of high-resolution time-synchronised physiological data from multiple anaesthesia
devices. Sci Rep 8, 1527 (2018). https://doi.org/10.1038/s41598-018-20062-4

* Maddry JK, Mora AG, Perez CA, Arana AA, Medellin KL, Paciocco JA, Ng PC, Davis WT, Hunninghake JC, Bebarta VS. Improved Adherence to Best Practice
Ventilation Management After Implementation of Clinical Practice Guideline (CPG) for United States Military Critical Care Air Transport Teams (CCATTs). Mil Med.
December 2021. PMID: 34865107.

* Neurosurgery & Severe Head Injury. JTS CPG. 2017.

* ODriscoll BR, Howard LS, Earis J, Mak V. British Thoracic Society (BTS) guidelines for oxygen use in adults in healthcare and emergency settings. Thorax.
2017;72(Supp 1):i1-i90.

*  Propag M Operator's Guide.

+ Shirly Wang, Matthew B. A. McDemott, Geeticka Chauhan, Marzyeh Ghassemi, Michael C. Hughes, and Tristan Naumann. 2020. MIMIC-Extract: a data extraction,
preprocessing, and representation pipeline for MIMIC-III. In Proceedings of the ACM Conference on Health, Inference, and Learning (CHIL '20). Association for
Computing Machinery, New York, NY, USA, 222-235. https://doi.org/10.1145/3368555.3384469

» Spaite DW, Hu C, Bobrow BJ, Chikani V, Sherrill D, Barnhart B, Gaither JB, Denninghoff KR, Viscusi C, Mullins T, Adelson PD. Mortality and Prehospital Blood
Pressure in Patients With Major Traumatic Brain Injury: Implications for the Hypotension Threshold. JAMA Surg. 2017 Apr 1;152(4):360-368. doi:
10.1001/jamasurg.2016.4686. PMID: 27926759; PMCID: PMC56377 31.

« Davis WT, Medellin KL, Cutright JE, Arana AA, Strilka R, Sorensen D, Maddry JK, Savell SC, Ng PC. (2022). Hemodynamic events during en route critical care for
patients with traumatic brain injury. The Journal of Trauma and Acute Care Surgery, 93(2S Suppl 1). https://doi.org/10.1097/TA.0000000000003654

» Yamaan et al. The impact of blood pressure management after spinal cord injury: a systematic review of the literature. Neurosurg Focus. 2017:43(5):E20.

THE AIR FORCE RESEARCH LABORATORY

27


https://doi.org/10.3390/app11041913
https://doi.org/10.1038/s41598-018-20062-4
https://doi.org/10.1038/s41598-018-20062-4
https://doi.org/10.1038/s41598-018-20062-4
https://doi.org/10.1038/s41598-018-20062-4
https://doi.org/10.1038/s41598-018-20062-4
https://doi.org/10.1038/s41598-018-20062-4
https://doi.org/10.1038/s41598-018-20062-4
https://jts.health.mil/assets/docs/cpgs/Neurosurgery_and_Severe_Head_Injury_02_Mar_2017_ID30.pdf
https://jts.health.mil/assets/docs/cpgs/Neurosurgery_and_Severe_Head_Injury_02_Mar_2017_ID30.pdf
https://www.zoll.com/-/media/public-site/products/propaq-m/9650-0803-01-sf__b.ashx
https://www.zoll.com/-/media/public-site/products/propaq-m/9650-0803-01-sf__b.ashx
https://www.zoll.com/-/media/public-site/products/propaq-m/9650-0803-01-sf__b.ashx
https://doi.org/10.1145/3368555.3384469
https://doi.org/10.1097/TA.0000000000003654
https://pubmed.ncbi.nlm.nih.gov/29088944/
https://pubmed.ncbi.nlm.nih.gov/29088944/
https://pubmed.ncbi.nlm.nih.gov/29088944/
https://pubmed.ncbi.nlm.nih.gov/29088944/

	Slide 1: SIMULATED PATIENT PHYSIOLOGIC PARAMETER ANALYSIS FOR PERFORMANCE FEEDBACK NEAR REAL-TIME DURING TRAINING AND SIMULATION
	Slide 2: Disclosures
	Slide 3: Overview
	Slide 4: Background
	Slide 5: Introduction
	Slide 6: Aims & Objectives
	Slide 7: Summary of Research Methods
	Slide 8
	Slide 9: Data Management
	Slide 10: Data Reliability
	Slide 11: Outcome Measures
	Slide 12: Outcome Measures
	Slide 13: Data & Statistical Methods in Medical Report
	Slide 14: Statistical Analysis
	Slide 15: Results: Data Collection
	Slide 16: Results (cont.)
	Slide 17: Results (cont.)
	Slide 18: Results (cont.)
	Slide 19: Results (cont.)
	Slide 20
	Slide 21: Performance Report: Pre-SUS & Post-SUS Refinement
	Slide 22: Lessons Learned
	Slide 23: Next Steps
	Slide 24: Acknowledgements
	Slide 25: Questions?
	Slide 26: References
	Slide 27: References (cont.)

