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Section 1 – Fire Fighter Fatality Statistics 

Section 2 - Pathology of Sudden Cardiac Events 

Section 3 – Physiological Stress of Fire Fighting 

Section 4- Minimizing Cardiac Death 

    - Potential Role of Technology 

 



2007 statistics 

1.6 million fires  

 3430 civilian deaths 

 17,675 civilian injuries  

 $14.6 billion in property loss 

2008- 103 FF Fatalities  

  



(Fahy et al, NFPA, 2010) 



(Fahy et al, NFPA, 2010) 
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Heart Attacks Burns Asphyxiation



Theoretical Models 

•Sudden Cardiac Events 

•CV Disease Progression 
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Heart Attack 
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Shock 
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Trigger  

Firefighting  Firefighter  



Theoretical Model 
Research Approaches 
•Laboratory Studies 
•Training Environment/Simulated 
•Field Studies 
 



Strenuous work 

Climbing stairs 

Forcible entry 

Search and rescue 

Hot and 
Dangerous 

Environment 

Over 100º C routinely 

Chaotic 

Low visibility 

Heavy PPE 

> 22 kg 

↑ Metabolic  work 

  ↓ Heat  dissipation 



→ Cardiovascular (Increased HR and BP, 

       Decreased Stroke Volume) 

 

→ Hematological (Decreased Plasma 

       Volume, Hemoconcentration) 

 

→ Thermoregulatory (Elevated Core 

       Temperature, Dehydration) 

 

→ Respiratory (Increased Breathing Rate 

       and Oxygen Consumption) 

 

→ Metabolic (High Oxygen Cost, 

       Increased Lactate, Fatigue) 

 

→ Immune/Endocrine (Increased 

       Leukocytes and Hormones) 

 

→ Nervous (Sympathetic Surge and  

       Increased Adrenaline) 

 

→ Muscular (Increased Oxygen Use and 

       Heat Production) 

Figure 2: Summary of Physiological 

Responses to Firefighting 



PPE 

Work (Intensity, Duration) 

Environment  

Fatigue  
↑Myocardial O2 

Myocardial O2  

Demand>Supply  

Sudden Cardiac 

 Events 

Heat Illness 

Cardiovascular  

Collapse 

Concern 

High O2 

↑ Lactate  

↑ HR, ↓SV, ↑ BP 

Hemostasis                

      ↑ Platelets 

      ↑ Coagulation 

      ↑ Fibrinolysis 

↑ Tco ↑ Tsk 

↓ Plasma Volume 

↓ Fluid Volume  

Measures/ 

Response 

Types of Firefighting: 

Structural 

Wild land 

Ship Board 

Industrial 

Aviation/Aircraft 

Systems 

Primarily 

Affected  

Muscular  Metabolic Cardiovascular 
(Blood/Immune) 

Thermal Balance 

Fluid Balance 

Individual Factors : 

Age 

Aerobic Fitness 

Body Composition 

Health Status 

Medications 

Nervous System/Endocrine System 



Laboratory-based  
study conducted at  

University of Illinois 

Blues Hip Boots 1500 



Smith et al, 1995, Ergonomics 



Purpose 

Investigate physiological 
response to exercise in 
PPE and recovery from 
exercise-heat stress. 

DHS AFG EMW-2007-FP-02581 



Fire Suppression          1%  32.1%  136 

Return  from Alarm       7%   17.4%  10.5 

Response to Alarm      4%  13.4%  14.1 

Physical Training            8%  12.5%  6.6 

Nonfire emergencies       15%   9.4%  2.6 

Nonemergency duties    65%  15.4%  1.0 

Line of Duty Deaths - CHD related 
N=449, 1994-2004 

Kales, et al., NEJM, 2007 

Time Spent (%)     Fatalities (%)      Odds Ratio 



Many cardiac fatalities occur AFTER 
fire suppression activities 

DHS AFG EMW-2007-FP-02581 

Time 
Spent (%) 

Fatalities 
(%) 

Fire Suppression 1% 32.1% 

Return from  Alarm  7% 17.4% 

Response to Alarm 4% 13.4% 

Physical Training 8% 12.5% 

Non-Fire Emergencies 15% 9.4% 

Non-emergency Duties 65% 15.4% 

Kales, et al., NEJM, 2007 

Lieutenant Suffers a Fatal Cardiac Event After 

Completing Live Fire Training- Wisconsin 
Paid On Call Firefighter Suffers a Fatal Cardiac 

Event Just After Completing Two Hose Training 

Drills - Wisconsin 

After Conducting Fire Suppression Duties at a 

Structure Fire, Captain Collapses in Incident 

Scene Rehabilitation - Kansas 



Subjects – 14 moderately trained FF 
 

Design – RM (2 conditions: PPE vs shorts/Tshirt) 

 
Protocol – 20 min exercise (TRD) 

     – 90 min RECOVERY 

DHS AFG EMW-2007-FP-02581 

Measures  
 - Hemodynamics  
 - Vascular function 
 - Autonomic nervous balance 



Protocol: 

DHS AFG EMW-2007-FP-02581 



Age, height, weight 

 

Dual-energy X-ray 

absorptiometery 

 

Carotid intimal 

thickness 

 

Cardiac Ultrasound 

 

Cardiac Ultrasound 



Endothelial Function 
Resting and Reactive Hyperemia 

Pulse Wave Analysis (PWA) 
Pulse Wave Velocity (PWV) 

Vascular stiffness 
Myocardial oxygen supply (SEVR) 

Autonomic Nervous System 
Balance 

Applanation Tonography at the radial artery 



  Participants (n=14) 

Resting Heart Rate (bpm) 63.0±6.3 

Resting Blood Pressure (mm Hg)   

    Systolic Blood Pressure 120.7±6.3 

    Diastolic Blood Pressure 72.7±8.7 
 

Intimal Medial Thickness (mm) 0.49±0.09 

Cardiac Ultrasound Measures   

    Interventricular Septal 

       Thickness; Diastole (mm) 9.43±1.95 

    Left Ventricular Posterior Wall 

        Thickness; Diastole (mm) 10.43±1.70 

    Left Ventricular Mass (g) 234.50±55.05 
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Work 
Performed 

Thermal  
Environment 

Fitness Hydration Level 

Gear 
 

Health Status 

Environmental 
Factors 

Personal  
Factors 



Physiological Responses to Firefighting 

Blood 
Chemistry 

Hormones, 
Immune 
Function  

HR, 
Temp 

Stroke Volume 
/Cardiac 
Output 

Blood  
Clotting 



drills drills drills 

~ 8min ~ 8 min ~ 8 min 

Rehab Rc1 

= measurement period 
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Heart Rate/ Stroke Volume Core Temperature 

a 
a 

a  p<0.05 vs Trial 1 

a 

a  p<0.05 vs Trial 1 

 



a Significantly different (p<0.05) than immediately post’ 
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Mean Body Fat % = 18.1 
Mean Age = 31.8 yrs 

n=11 

Glucose Sodium 

a  p<0.05 vs Pre and Post 

b  p<0.05 vs Pre 

a 

b 

b 
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Mean Body Fat % = 18.1 
Mean Age = 31.8 yrs 

n=11 

Plasma ACTH Plasma Cortisol 

a  p<0.05 vs Pre and Post 

 b  p<0.05 vs Pre 

 

a a 

b 



Platelet Number  Aggregation Time 

* 

* 

* p < 0.05 

(n = 11) 

ICEE 2009 
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Many cardiac fatalities occur shortly AFTER  an Alarm 

Time 
Spent (%) 

Fatalities 
(%) 

Fire Suppression 1% 32.1% 

Return  from Alarm  7% 17.4% 

Response to Alarm 4% 13.4% 

Physical Training 8% 12.5% 

Non-Fire Emergencies 15% 9.4% 

Non-emergency Duties 65% 15.4% 

Kales, et al., NEJM, 2007 

Firefighter Dies After Responding to a Call             

- New York 
Fire Fighter Dies of a Heart Attack while 

Responding to a Residential Oil Heater Fire - 

Delaware  



To use a physiological 
monitoring system to 
document cardiac 
responses during a  
24-hour shift 
 

DHS AFG EMW-2007-FP-02581 



Oxnard and Boston Fire Department 
24 hours of monitoring for 3 – 4 months 
Logged CV strain/Autonomic function 

Alarm response 
During FF activities 
Recovery 

DHS AFG EMW-2007-FP-02581 



DHS AFG EMW-2007-FP-02581 

n=50 

Age= 39.0 ± 11.4 

BMI= 27.7 ± 3.5 

Yrs of Service= 9.2 ± 9.8  



DHS AFG EMW-2007-FP-02581 



DHS AFG EMW-2007-FP-02581 



DHS AFG EMW-2007-FP-02581 



DHS AFG EMW-2007-FP-02581 



Compelling evidence that cardiovascular 
strain is a problem in Fire Service, based on: 

 Theoretical knowledge 

 Anecdotal evidence  

 Statistical results 

 Research findings 





Medical Readiness 
  Medical conditions (cardiovascular function, 

kidney function, fluid and electrolyte balance, 
thermoregulation, fever, immune function, 
skin) affect response 

 Medications (antihistamines, antidepressants, 
stimulants, diuretics, b-blockers) 

 All firefighters should have a medical 
evaluation – compliant with NFPA 1582 



Hydration 
 Prehydration 
 Dehydration 



Aerobic Fitness: 

 ↑Thermal Tolerance 

 ↑ Plasma Volume 

 ↑ Cardiac Efficiency 

 ↑ Work Capacity 

 Improve Clotting 
Profile 

   

Appropriate Body Size: 

 ↑Thermal Tolerance    

 ↓Thermal Strain 

 ↑ Cardiac Efficiency 

 ↑ Work Efficiency 

 Improve Clotting 
Profile 

 



Variable Body Mass Index (kg/m2) 

<25.9 

(Group 1) 

25.9-29.5 

(Group 2) 

≥29.5 

(Group 3) 

Intima-media thickness 0.44 (0.01) 0.46 (0.01) 0.52(0.01)*† 

Aortic pulse wave velocity 5.9(0.1) 6.4(0.2)* 6.8(0.1)* 

Peak Reactive Hyperemia 28.57(1.29) 32.19(1.36) 29.67(1.34) 

β Stiffness  4.6(0.2) 5.1(0.2) 6.2(0.4) 

Fahs et al., 2009, Am J Cardiol.  

* Different from group 1 (p<0.05) 

† Different from group 2 (p<0.05) 

N=110 firefighters 

Age= 29.7±8.0 years 



Physiological  
Responses 

Firefighting  

Muscular/ 
Metabolic 

Fatigue 
Dehydration 

Heat 
Stress 

Cardiovascular 
Strain 
•HR, BP 
•Blood Clotting 

Benefits of  
Physical 
Fitness 

↑ Strength/ 
Endurance 
↓ Fatigue 

↑ Plasma 
Volume  

•Improved 
Thermoregulation 
•Tolerance for 
higher temperature 

↑ Cardiovascular 
capacity 
↓ Risk of Clot 
Formation 



Adopt Aggressive Incident 
Rehabilitation Policies 

1. Cool- “Aggressively” 
2. Rehydrate 
3. Provide rest and recovery 
4. Medical Monitoring  

 



Physiological  
Responses 

   Rehab  

Firefighting  

Muscular/ 
Metabolic 

Fatigue 
Dehydration 

Heat 
Stress 

Cardiovascular 
Strain 
•HR, BP 
•Blood Clotting 

•Rest/Recovery 
•Nutrition 

Fluid 
Replacement 

•Cooling 
•Climatic Relief 
•Medical 
Monitoring 

•Rest 
•Cooling 
•Fluid Replacement 
•Medical Monitoring 



 
Use of Technology 
 
What is the potential role of 
physiological monitoring to improve 
the health and safety of firefighters? 
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UCLA School of Medicine 
Exercise Physiology 
Research Laboratory 

Program Director  
Dr. Chris Cooper, MD, PhD 

UCLA EPRL 
Associate Director 

Dr. Tom Storer 

Partners 

Health and 
Exercise Sciences  
Skidmore College 
Dr. Denise Smith 

Zephyr 
Technology 
Corporation 

NASA Ames 
Research Center 

Dr. David Kao 

Emergency 
Responder 

Partners 

Redondo Beach Fire 
Department 

Chief Dan Madrigal 

South Bay Fire 
Training Academy 

Captain Carl 
Whitaker 

Wireless Health Institute 
Program Coordinator 

Dr. Maxim Batalin 63 

Chief Bruce Varner 
Advisor 

63 



 Physiology/Medical 
 What can be measured? What should be measured? 
 Which parameters are necessary, sufficient? 
 Baselining 

▪ How? How many? What conditions? 
 Sensors 

 Which ones? 
 Size, Power, Form, Weight, Power? 
 Vest, wrist band, headband, within PPE, Tricorder? 
 Real time decision aid? What kind of alarms?  

 Detection vs. Prediction? 
 Replace the MD? 

 What is good enough and is that good enough!? 
 30%, 40%, …, 90%, …, ???? 

 What can be leveraged: Gov Agencies, Industry, Academia, 
international. How can we work together to solve common 
problems? 

? 
Star Trek Medical Tricorder 

64 



PHASER 

Risk 
Identification,  
Prioritization 

Sensor 
Selection, 

Prioritization 

Physiology 
Experiments 

Field 
Monitoring 

Networked 
Solution 
(NetFit) 

65 



PHASER 

Net 

Net- 

Select 

Net- 

Fit 
Net- 

Safe 

On-Scene Monitoring 

Rehab Monitoring 

Fitness Assessment, 

Guidance and Monitoring 

Sensor Selection and 

Validation 
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Low-cost Data  
Collection 

Secure Data  
Transport 

Data  
Processing 

Password Protected  
Feedback 

Low-cost Networked Access Point  
At Fire Station 

68 



PHASER 

Risk 
Identification,  
Prioritization 

Sensor 
Selection, 

Prioritization 

Physiology 
Experiments 

Field 
Monitoring 

Networked 
Solution 
(NetFit) 

69 



Share 
Overview 

Elicit 
Feedback 

Incorporate 
Feedback 

Design new 
approaches 

Test ideas, 
products 

70 



 How do you see physiological monitoring 
helping the fire service? 

 What challenges might this technology face 
in the fire service? 

 What advantages do you see to on-scene/real 
time physiological monitoring 

 How do you envision an IC and EMS utilizing 
this information? 

 Where are your concerns or desires with this 
technology. 



 
 

Chief Bruce Varner – bhvarner@cox.net 
 
 
Dr Tom Storer – tstorer@mednet.ucla.edu 



Contact Information: 

dsmith@skidmore.edu  

mailto:dsmith@skidmore.edu

