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Case 1



Case 1A: 20F Laboratory Explosion
Scene  
Air compressor tank explosion, shrapnel, 
immediate EMS


EMS  
Lots of blood, AOx1 → unconscious 
PEA, CPR, blood, needle decompressions


ED 
A/B: ETT, bilateral lung sounds/sliding 
C: pulseless, CPR ongoing, PEA 
D: pupils reactive


FAST: pericardial view!!


Is this an ED thoracotomy?
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Case 1B: 40M High Speed MVC
Scene  
Intrusion, prolonged extrication


EMS 
Transient palpable pulse, then PEA, CPR 
bilateral needle decompressions


ED 
A/B: ETT, bilateral lung sounds/sliding 
C: pulseless, CPR ongoing, PEA 
D: pupils reactive


FAST: pericardial view equivocal


Is this an ED thoracotomy?
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Case 1B: 40M High Speed MVC
Scene  
Intrusion, prolonged extrication
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C: pulseless, CPR ongoing, PEA 
D: pupils reactive


FAST: pericardial view equivocal


Is this an ED thoracotomy?

9
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ED 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Case 1B: 40M High Speed MVC
Scene  
Intrusion, prolonged extrication


EMS 
Transient palpable pulse, then PEA, CPR 
bilateral needle decompressions


ED 
A/B: ETT, bilateral lung sounds/sliding 
C: pulseless, CPR ongoing, PEA 
D: pupils minimally reactive


FAST: cardiac view equivocal


Is this an ED thoracotomy?
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Why do we attempt ED thoracotomy (EDT)? 

1. Relieve pericardial tamponade


2. Provide open cardiac massage / internal 
defibrillation


3. Temporize bleeding via aortic cross-clamp


4. Control intrathoracic hemorrhage


Traumatic arrest 
Short timeframe to address reversible causes

13Burlew, et al. 2012; Seamon, et al. 2015; Dewey et al., 2025
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Signs of Life (SoL): 
Pupillary response, spontaneous breathing, 
palpable pulse/BP, extremity movement, 
organized electrical activity 


What are EDT indications?

Mechanism + signs of life + CPR duration


Blunt trauma + pulseless


     Consider EDT: SoL + CPR<10min


     Recommend against: no SoL on arrival


     Not never, but nearly never

19Burlew, et al. 2012; Seamon, et al. 2015; Dewey, et al. 2025
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EDT Outcomes

23Seamon, et al. 2015



EDT Outcomes

24Seamon, et al. 2015



EDT Outcomes

25Seamon, et al. 2015



EDT Outcomes

26Seamon, et al. 2015



EDT Outcomes
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EAST Algorithm

28Seamon, et al. 2015



WEST Algorithm

Tacoma Trauma Trust, adapted from Burlew, et al. 2012



How to do it?
Setup: MTP, OR ready, Wide Prep, PPE, suction


Cut*


Deliver Heart


Pericardiotomy: Incise pericardium, evacuate 
clot/blood


Aortic cross-clamp if indicated


Hemorrhage control: Direct pressure, staple/
clamp lung lacs

30Simms, et al. 2013; Mellick 2024



How to cut?
Clamshell Incision Is the Ideal Emergency Thoracotomy Incision

31Simms, et al. 2013



L Anterolateral

Clamshell

32Simms, et al. 2013; Mellick 2024



Clamshell 
Expand from finger 
thoracostomies

33Simms, et al. 2013

Fig.
Fig.



Case 1A: Penetrating, quick arrival, SoL 
Probably yes


Case 1B: Blunt, slow arrival, ?SoL 
Probably no

EDT Wrap-Up

Protocol informed decision 
 
If you need to do it:


     Do it for a reason (e.g., tamponade)


     Do it fast


Blunt + no SoL + prolonged CPR → don’t do it
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Case 2



Case 2: 4F High Speed MVC
Scene  
last vehicle in pile-up, appropriately restrained, 
other passenger ejected, quick extrication


EMS 
Vitals stable, acting appropriately


ED 
A/B/C: reassuring 
℅: abd pain 
2°: no seatbelt sign, abd not tender/peritonitic 


Urine: Dark, RBCs/HPF: >50


Need CT or observation?
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Case 2: 4F High Speed MVC
Scene  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A/B/C: reassuring 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Need CT or observation?

my tummy hurts
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Scene  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Case 2: 4F High Speed MVC
Scene  
last vehicle in pile-up, appropriately restrained, 
other passenger ejected, quick extrication


EMS 
Vitals stable, acting appropriately


ED 
A/B/C: reassuring 
℅: abd pain 
2°: no seatbelt sign, abd not tender/peritonitic 


Urine: >50 RBC/HPF


What do we do? CT?
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Traumatic Hematuria Evaluation

Renal


Bladder


Urethra

44Coccolini, et al. 2019



Gross hematuria, OR 


Microscopic Hematuria with hemodynamic 
instability, OR


High-risk mechanism/exam


     Rapid deceleration,


     Flank ecchymosis,


     Significant abdominal tenderness 

Traumatic Hematuria Evaluation

Renal → Contrast CT


Bladder


Urethra

45Coccolini, et al. 2019



Gross hematuria AND:  


     Pelvic fracture, OR


     High suspicion:  
     mechanism, pelvic pain, voiding issues

Traumatic Hematuria Evaluation

Renal → Contrast CT


Bladder → CT Cystography


Urethra

46Coccolini, et al. 2019



If suspected don’t place foley, image first


     Blood at meatus, OR


     Perineal hematoma, OR


     Inability to pass foley

Traumatic Hematuria Evaluation

Renal → Contrast CT


Bladder → CT Cystography


Urethra → Retrograde Urethrogram

47Coccolini, et al. 2019



Case 2: 4F High Speed MVC
Scene  
last vehicle in pile-up, appropriately restrained, 
other passenger ejected, quick extrication


EMS 
Vitals stable, acting appropriately


ED 
A/B/C: reassuring 
℅: abd pain 
2°: no seatbelt sign, abd tender, not peritonitic


Urine: >50 RBC/HPF


We obtain a CT
Ill-defined hypoattenuation (arrow) at mid pole 
of left kidney, consistent with renal contusion


AAST Kidney Injury: Grade 148Hosein, et al. 2019
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Case 2: 4F High Speed MVC
Scene  
last vehicle in pile-up, appropriately restrained, 
other passenger ejected, quick extrication


EMS 
Vitals stable, acting appropriately


ED 
A/B/C: reassuring 
℅: abd pain 
2°: no seatbelt sign, abd not tender/peritonitic 


Urine: >50 RBC/HPF 


We obtain a CT Observed overnight with serial abdominal 
exams

50



Traumatic Renal Injuries

Hemodynamically stable: mostly managed nonoperatively


High-grade injuries with ongoing bleeding: angioembolization for kidney-
sparing approach


Follow-up:  
     pediatric renal trauma guidelines emphasize monitoring,  
     follow-up BP checks to detect post-traumatic HTN

51Hagedorn, et al. 2019



Case 3



Case 3: 60M High Speed MVC t-3

F4/4 (at Michigan) 
MVC, +FAST, s/p ex-lap splenectomy 3 days 
ago


2000 
A little more confused, SBPs 100s 
You start fluid resuscitation and abx 
Pressures respond


Page @0300 
Epic Sepsis AI Model sends an alert

!
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Evaluation of predictive AI 
models

54



First, some definitions

Artificial Intelligence (AI): perceiving, synthesizing, and inferring 
information demonstrated by machines 

Predictive AI: given some known information can we infer some unknown 
or future information? 

Generative AI: given some information can we create some additional or 
other type information
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Connection between AI types

Descriptive 

Predictive 
AI 

Prescriptive 

Data Visualization 
Data Summarization

Optimization 
Simulation

Machine Learning 
Statistical Modeling

Techniques

Generative 
AI 
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ModelInput Output
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ModelInput Output
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Model

what we know

Input Output
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Input Output

Age 
Heart Rate 

Comorbidities 
Medications
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Model

what we know prediction

Input Output

Age 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ML Model 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Model

what we know prediction

Risk of Diabetes 
Length of Stay

Input Output

Age 
Heart Rate 

Comorbidities 
Medications

Rules 
ML Model 

AI Algorithm

67



How do we make models?

68



📚

How do we make models?

Have lots of data? Have lots of knowledge?

👩⚕W
ei

gh
t (
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)

45

60

75

90

105

Height (cm)
145 160 175 190 205
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How do we build the model?
IF patient.sex = Female: 

     IF patient.height < 160cm: 

          THEN predicted_weight = 55kg 

     … 

IF patient.sex = Male: 

     … 

     IF patient.height > 195cm: 

          THEN predicted_weight = 90kg 

Data Driven Derived from Theory/Rule

W
ei

gh
t (

kg
)

45

60

75

90

105

Height (cm)
145 160 175 190 205

y = 0.7974x - 69.721

y = 0.6232x - 40.074
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Case 3: 60M High Speed MVC t-3

F4/4 (at Michigan) 
MVC, +FAST, s/p ex-lap splenectomy 3 days 
ago


2000 
A little more confused, SBPs 100s 
You start fluid resuscitation and abx 
Pressures respond


Page @0300 
Epic Sepsis AI Model sends an alert

!
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How does the Epic Sepsis 
Model work?

What does it take as inputs? Outputs? 
How often does it produce scores for patients?

!
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Epic Sepsis Model
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Development 

Inputs: vital signs, medication orders, lab 
values, comorbidities, and demographic 
information. 


Outputs: Sepsis flag, based on ICD-9 code 
Timing: 6hrs prior to clinical intervention


Implementation 

Runs every 15 minutes on all ED & admitted 
patient


Expected AUROC performance ~ 0.8
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How do you evaluate this model?

Statistics

79r/medicine 2021
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81r/medicine 2021



How do you evaluate this model?

Statistics

Patient 1
10/9 4 AM 0.93
10/9 4 AM 0.93
10/9 4 AM 1.2
10/9 4 AM 1.11
10/9 5 AM 1.06
10/9 5 AM 1.3
10/9 5 AM 1.21
10/9 5 AM 1.51
10/9 6 AM 1.76
10/9 6 AM 1.94
10/9 6 AM 2.24
10/9 6 AM 2.24
10/9 6 AM 2.51
10/9 7 AM 2.78

Patient k
10/9 4 AM 1.35
10/9 4 AM 2.11
10/9 4 AM 1.2
10/9 4 AM 1.11
10/9 5 AM 1.06
10/9 5 AM 1.3
10/9 5 AM 1.21
10/9 5 AM 1.51
10/9 6 AM 1.76
10/9 6 AM 1.94
10/9 6 AM 2.24
10/9 6 AM 2.24
10/9 6 AM 2.51
10/9 7 AM 2.78

Patient n
10/9 4 AM 2.97
10/9 4 AM 1.8
10/9 4 AM 1.2
10/9 4 AM 1.11
10/9 5 AM 1.06
10/9 5 AM 1.3
10/9 5 AM 1.21
10/9 5 AM 1.51
10/9 6 AM 1.76
10/9 6 AM 1.94
10/9 6 AM 2.24
10/9 6 AM 2.24
10/9 6 AM 2.51
10/9 7 AM 2.78
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How do you evaluate this model?

What outcome?


How to handle multiple scores per patient?


How about workflow impact?


Try to capture clinical utility (i.e. vibes)

83
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External Validation of a Widely Implemented Proprietary 
Sepsis Prediction Model in Hospitalized Patients

Retrospective cohort study (external 
validation)


27,697 adult patients admitted to Michigan 
Medicine in 2019 → 38,455 hospital 
encounters


ESM identified 183 of 2552 encounters with 
sepsis (7%) who did not receive timely abx


Did not identify 1709 patients with sepsis 
(67%) 


Alerts for 6,971 encounters (18%)

Wong, et al. 2021



Sepsis Outcome Definition

Operational outcome


Health Catalyst (vendor) definition of sepsis 
that we use to keep track of Michigan’s sepsis 
performance

85Wong, et al. 2021



ESM Performance

86Wong, et al. 2021



ESM Performance

87Wong, et al. 2021



ESM Performance

88

Expected AUROC performance ~ 0.8

Wong, et al. 2021



Contingency Table

Sepsis
No 

Sepsis

Alert 843 5,948 6,791

No Alert 1,709 29,955 31,664

2,552 35,903 38,445
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When the alert goes off, how often is it correct?

Sepsis
No 

Sepsis

Alert 843 5,948 6,791
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2,552 35,903 38,445
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When the alert goes off, how often is it correct?

PPV =
TP

TP + FP
=

843
6791

≈ 12 %

Sepsis
No 

Sepsis

Alert 843 5,948 6,791

No Alert 1,709 29,955 31,664

2,552 35,903 38,445
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How many alerts do I need to evaluate to find a 
patient with sepsis?

Sepsis
No 

Sepsis

Alert 843 5,948 6,791

No Alert 1,709 29,955 31,664

2,552 35,903 38,445
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How many alerts do I need to evaluate to find a 
patient with sepsis?

NNE =
1

PPV
=

6791
843

> 8
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No 

Sepsis
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No Alert 1,709 29,955 31,664
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What about “useful” alerts?

F4/4 (at Michigan) 
MVC, +FAST, s/p ex-lap splenectomy 3 days 
ago


2000 
A little more confused, SBPs 100s 
You start fluid resuscitation and abx 
Pressures respond


Page @0300 
Epic Sepsis AI Model sends an alert

!
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Proxy for useful: already prescribe abx?

Sepsis 
No Abx

Sepsis 
Abx

Alert 183 660 843

No Alert 679 1,030 1,709

862 1,690 2,552

Sepsis
No 

Sepsis

Alert 843 5,948 6,791

No Alert 1,709 29,955 31,664

2,552 35,903 38,445

104

not usefuluseful



Proxy for useful: already prescribe abx?
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Sepsis 
No Abx

Sepsis 
Abx

Alert 183 660 843

No Alert 679 1,030 1,709

862 1,690 2,552

How often was the alert useful given it was 
correct?
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Sepsis 
No Abx

Sepsis 
Abx

Alert 183 660 843

No Alert 679 1,030 1,709

862 1,690 2,552

How often was the alert useful given it was 
correct?

P(Useful |Correct) =
P(Useful ∩ Correct)

P(Correct)
=

183
843

≈ 22 %
107



So, would you want to use this 
model?
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Why such a big difference between 
expected & observed 

performance?
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Subtle choice of outcome definition

Development: ICD-9 code indicating diagnosis of sepsis 
 
Evaluation: operational sepsis outcome


Billing lags behind actual clinical care
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Subtle choice of outcome definition

Development: ICD-9 code indicating diagnosis of sepsis 
 
Evaluation: operational sepsis outcome


Billing lags behind actual clinical care

makes a big difference
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There’s always more evaluation to be done…

113Tarabichi, et al. 2022



Wrapping Up

Predictive Models: Inputs → Predictions


Built on data & assumptions 


Bad vibes → investigate


Evaluation needs clinical judgement


“All models are wrong, but some are useful”  
     - George Box
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EDT: Left Anterolateral 
Thoracotomy













Place OG to  
help demarcate  
the esophagus
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AAST Kidney 
Injury Scale

133UW Radiology | AAST Kidney Injury Scale; Coccolini, et al. 2019
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Contingency Table

Sepsis
No 

Sepsis

Alert 843 5,948 6,791

No Alert 1,709 29,955 31,664

2,552 35,903 38,445
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PPV =
TP

TP + FP
=

843
6791

≈ 12 %

Sens =
TP

TP + FN
=

843
2552

≈ 33 %

Spec =
TN

TN + FP
=

29955
35903

≈ 83 %

NPV =
TN

TN + FN
=

29955
31664

≈ 95 %
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