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COI
I have software patents granted        

(through the U of Michigan) 
regarding display technology.

I am the founder, President, 
investor and equity holder in 
AlertWatch, a University of 

Michigan Startup Company which 
has been acquired by 

BioIntelliSense for whom I am a 
consultant $$$$



Approximately 1 in 50 Surgical 
Patients (open procedures) will Die 
within One Month of Their Surgery 

Postoperative Mortality in 
The Netherlands

Noordzij et al, Anesthesiology 
2010; 1105-15



CDC: Leading Causes of 
Death

1. Heart Disease
2. Cancer
3. Chronic Respiratory Disease
4. Accidents
5. Stroke
Etc. 



CDC: Leading Causes of 
Death

1. Heart Disease
2. Cancer
3. 30 Day Mortality after Surgery  

(190,000/yr)
4. Chronic Respiratory Disease
5. Accidents
6. Stroke
Etc. 



Maternal Mortality is Rising in the U.S. 
As it Declines Elsewhere

(Deaths per 100,000 live births)

The Lancet, 2015



Automated Decision Support May Help
Types of DS 

1. Automating Calculations/Alerts to improve standardization
                                ( live calculations )
2. Escalating alerts to help us follow out own protocols 
                            ( following our own rules)
3.  Providing alerts/recommendations we could not determine manually
                           ( Machine learning/AI driven)  



“Life is like a box of chocolates”



My professional life in a nutshell 
1975 to 1978  “If you would like to apply Eng to Med you should go to Med School and 
study continuous noninvasive O2 monitoring”
 Irv Fatt UC Berkeley & John Severinghaus UCSF

1978 to 1981 “If you would like to study monitoring & outcomes in sick people, come 
work in my SICU” Will Shoemaker

1990 to 2000 “If you want to collect lots of clinical data, make an electronic anesthesia  
record”  Mike O’Reilly and I at U of M with  SEC Inc ( Vic & Sachin Kheterpal )

2008 to today “If you want to do large observational research to determine periop risk 
factors, add multiple institutions”  Sachin Kheterpal , Nirav Shah ,Michael Mathis and 
the entire MPOG group

2008 to today “If you want clinicians to know who, where and when to apply this new 
knowledge, you need a decision support/alerting system.  AlertWatch



etianCaptain Henry “Steve” Tremper  WW2



J-3 Cub, 1966:Downington PA  
“Don’t fly over anything you can’t land on.”



US Commercial Aviation Accident Rate/ 
Million Flights
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Commercial Aviation Accidents 1958-2013 A Statistical Analysis.
[Online] Airbus_Aviation_Accidents-April2014[1]pdf.  Accessed 2/3/2015.
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US Commercial Aviation Accident Rate/ 
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US Commercial Aviation Accident Rate/ 
Million Flights

FFA  ( + 30 yrs  = ASA Standards 1987, APSF)  
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1960’s - 1970’s Cockpit, Crash 1:1,000,000



“Glass Cockpit,” Crash 1:16,000,000



Integrated Avionics Screen



AlertWatch Draft  2007



AlertWatch Draft  2007

Add Colors



1. Automating Calculations/Alerts to improve standardization
                                    ( live calculations )



Decision Support Engine

AW Multifunctional 
Monitor, 2011

AIMSH & P

Monitors LABS



Working Prototype 2011
Lets do a study …..
 



IRB Questions:
Is it FDA Cleared ?   What ???

If it is turned on and off every two weeks ... 
You need patient informed consent 

“We have developed a new software safety 
system, we don’t know if it helps, is it OK if 
we turn if off for you?”



FDA MDDS 2011 (updated Sept 2022)

•Non-Regulated (MDDS): “Solely intended to 
transfer, store, convert format, display device data 
including waveforms”

•Regulated MDDS, 2011: “Software functions to 
analyze or interpret device data in addition to ….” 
(this is an MDDS Class II software device) 



FDA 
Guidance 
Documents 
2011-2022



Your Clinical Decision Support Software: Is it a Device?



Study on hold … FDA??
U of Michigan’s Business Engagement Center’s 

recommendations:

1. Get patents, we’ll do that
2. Find a CEO, we’ll help with that 
3. Raise $$, you do that 

5 years and $500K later we received FDA Clearance 



AW decision support analysis/calculation  

Examples:

1. I&O balance 
2. Estimated Hb 
3. Cumulative Hypotension
4. PPH Risk 

FDA? 
 What's with the yellow?  Show us the published yellow 
ranges 



Air Traffic Control



Flight Tower View : Wash U “ACTFAST” 







Prediction of blood volume in 
normal human adults

Nadler et al  Surgery 1962 

To fit the data, he used an “IBM 
electric digital computer” ... “a 
Herculean task by any other method” 

EBV= 0.3669xH3 + 0.03219xW + 0.6041           
(for men)



Estimated Hct 

Maximum Blood Savings by Acute Normovolemic
Hemodilution
Feldman et al Anesth & Analg 1995 



Estimated Hct 

Estimated Hct = Hct / (e EBL/EBV) + added blood

EBL = Estimated Blood Loss 

EBV = Estimated Blood Volume

EBL = EBV ln Hcti/Hctm

Solve for Hctm



AW decision support analysis/calculation  
Examples:

1. I&O balance 
2. Estimated Hb 
3. “MAC” 
4. Cumulative Hypotension
5. PPH Risk 

FDA? 
 What's with the yellow?  Show us the published yellow ranges 



Keep MAP > 55 mmHg or 60 mmHg
Cumulative BP

A. Postop Renal Injury B. Postop Myocardial Injury

< 55

<60

< 55

<60

Relationship between Intraoperative Mean Arterial Pressure and Clinical Outcomes 
after Noncardiac Surgery…  
Walsh et. al., Anesthesiology, V 119 No 3, 2013.



AW Cumulative Hypotension



Mathis et al Anesthesiology  March 2020



6 Years of Observational Experience; Feb 2018
                        Kheterpal S, Shanks A and Tremper K 



AlertWatch User vs Non-User
6 yrs and 26,769 cases

Process Measures:                               P values
  Hypotension < 55 mmHg *                    <0.001
  Crystalloid   ml/kg/hr                             <0.001
  Tidal Volume  6-8 ml/Kg Ideal BW        <0.001

Clinical Outcomes (Historical vs Parallel):
     MI    1.5% vs 2.6% vs 2.1% … Versus no difference
     AKI  ... No difference
Resource Differences:
     LOS   5 days vs 6 days                         <0.001
     Hospital Charges  $3,603 less for AW patients



2. Escalating alerts to help us follow out own protocols 
                            ( following our own rules)



Tom Klumpner et al A&A  Feb 2020 

Maternal Decision Support for L&D



AWOB PPH Risk/PPH/Preecampsia



ACOG PPH Risk Factors 
Checks IV size and Blood availability



AWOB PPH Risk/PPH/Preecampsia



HR, BP, Hb & Shock Index to Alert For 
Postpartum Hemorrhage  



AWOB Paging Logic
for: Hypotension *
       Hypertension
       Tachycardia
       Shock Index *
       Anemia * 



“Algorithm” to 
Remove Artifacts  



“PPH Risk Confirmed: 
“Rm 18. Systolic BP 55 “



Frequency of Paging Alerts / 24 hrs.
(50-bed L&D Unit) 

MEWC AWOB: RN 
Pages

AWOB: MD 
Pages

BP < 90 12.8 BP < 85 6.4 0.96 
(< once a day)

BP > 160 10 11 2.8

BPd > 100 14.5 BPd > 110 5.3 0.4

HR > 120 51 HR > 130 23.8 2.1

Total 150
(every 8 min) 47 6.3

(every 3.8 hrs)



Comparing AWOB Paging Alerts to MEWC: Does it Work?

7,853 Deliveries (over 20 months)… 120 sPPH events (1.5%)

                       PPH = EBL > 1,000 ml                            sPPH =  > 4 units PRBCs
                                                                                                      >2 PRBCs+ > units FFP
                                                                                                      Return to OR 
                                                                                                      PP Hysterectomy
                                                                                                      Uterine Artery Embolism
                                                                                                      Admission to ICU
                                                                                                         
       Klumpner et al A&A Feb 2020



AWOB vs MEWC*

*This assumes that there is 100% response rate 
of escalation of care when MEWC are met 

                                                                          Klumpner et al A&A  Feb 2020



AWOB vs MEWC*

*This assumes that there is 100% response rate 
of escalation of care when MEWC are met 

                                                                          Klumpner et al A&A  Feb 2020



Conclusion 
“The automated system identified 10 of 120 deliveries 

complicated by sPPH not identified by the MEWC. Using an 
automated alerting system in combination with a labor and 
delivery unit’s existing nursing-driven early warning system 

may improve detection of sPPH.”

                                                      
                                                       Klumpner et al Anesth & Analg, Feb 2020 



3.  Providing alerts/recommendations we could not determine 
                              ( Machine learning/AI driven)  



Epic’s Sepsis Model ( ESM) Issues … 
Controversial

• 38,455 admissions  ( Retrospective ) 
• 2,552 ( 7%) had sepsis  ESM =>6 
• ESM identified 183 of these ( 7%)   ROC = 0.63
• ESM missed 1,709 ( 67%) … despite generating 6,971 alters (18% of all 

pts)
•   ie 109 alerts to identify one septic pt.

• Wong et al JAMA Int Med Aug 2021 181(8) 1065-1070



Epic’s Sepsis Model ( ESM) Issues … 
Controversial

• 11,512  admissions   ( Before vs After study)
•  10.2%  has sepsis, ESM => 5 
• ROC = 0.83 
• Mortality 11.9 % to 10.1 %

• Cull et al Crit Care Explor  July 2023 



Machine Learning/AI
How will the FDA handle this?

Clinical studies… and any revision will require a 
resubmission… unless you request and have it 

approved 

A “Predetermined Change Control Plan” 



My opinion…

•Not an issue of insufficient analysis … Machine Learning/AI

• Its insufficient accurate high-resolution data…







Try Live Demo




